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reclamation, cost, items, Huntley reclamation project, 
MTG aT aie, re gen cas ceee er orere ogee ete ne ee eee pee 135 

reclamation, cost of various methods, Huntley reclama- 
tadnproject; . Montana. .2...2igeteainncs cece ceceeataisis 135 

reclamation, methods of treatment and results, Huntley 
reclamation project, Montana 22-22 eee 135 

reclamation, requirements. .2<. -<fo nsec sees sae ee 135 
salts, quantity and character, Huntley reclamation pro- 

JOCt, Nl OMLANA sc cues eae es cee Se er ee 135 
FAMOUTOWVINMOSIGONCOLOT, TANUC hice sent a oon e re See eee ee tee 128 
Ammer cant ioot, Tange ss. aso s5 sane ce eis ee eye cae 128 
Ammonia, yield per-ton of fish waste....--- 22.20.22. 220.20 150 
AMINO tes, SOULCEd, SUPPlW, ClCio2 02 nctee acess ot eeecset coe 150 
Ammonium sulphate, source of nitrogen for feriilizers, amount used 

aie Viele oes Plo Peo aaa Gee e en eee ae 150 
Apatite, sources, use in fertilizers, etc..........----..----.------- 144 | 
Apple— 

cider content, effect of subsoil, mote...........+......-..---- 140 

color, effect of soils of various types...........----.--.--.---- 140 

crop, handling, marketing, etc., western New York.......... 130 
STOWING  INCTEASE i socsiowie ie cease + ate oe ue 1S Pers Bee enn 130 
growing, Massachusetts and Connecticut (and peach growing).! 140 
orchard— 

operating costs, New VOM. ...-teos0es scone ne eeeee sees 130 
Wellman, western New York, history, cost of operation, 

@UC Es ata hoon seyepcre ote el eeiaraierctesesietets re ie ep oae Sieh ore eos ieee 130 
orcharding— 

costs, Wellman farm, western New York, items............ 130 
costs, Wellman farm, western New York................ 130 
labor, costs, Wellman farm, western New York, items....| 130 

orchards, cultural methods, mulching, etc............-....- 140 
red. varieties,, soils: suitable. ..2 5.400 becc woman cencne ote Le tee 140 
soils— : 

adaptation to different varieties...-....--...----------- | 140 
favorable to different varieties..........-.-2..22.2-.---- | 140 

exports from five eastern ports, 1910, 1912.-:-...........--.... | 140 
Aranides— | 

GLentTis; TANGO... eens dees 5 niatene s SiBIeG ae iote ie eaten oe | 128 
GRULIGNTS TAM DOR oie ose :s'ee o's acannon oe | 128 
COIONED, VAN GOan nw ne cc Sie Hes ays Sie My a peaate aye arr ecu are sie eee | 128 
UUM DeLCOLUSMTAN ECs oe acco aisaccis,< «oe eee eteere to re cep he eee | 128 

Aramus vociferus, range, nesting séason, fC. - 2... on. ee esse eee | 128 
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Arizona— 
bonds, county and district highway and bridge, rate, etc..... 136 37 
irrigation canals, dimensions and seepage measurements, data.| 126 4 
Tucson, canal, lining with concrete, construction and cost....| 126 71-73 

Arkansas, bonds, county ‘and district highway and bridge, rate, etc.| 136 37, 62 
Ash-headed TA era TG Claes seers pte ii. SS ae gem eo SNC oe 128 36 
Aspidiotus hederae, occurrence, injury to citrus fruit, and natural 

' enemies, Mediterranean countries..........2+2-220-+-200 134 19 

Bacillus bulgaricus— 
cheese starters, experiments with Swiss cheese. .....-..------ 148 5-10 
cultures, directions for securing and keeping. ......---.------ 148 11-16 
use in starters for Swiss or Emmental cheese. ......---------- 148 1-16 
significance in making Swiss cheese. .........--------------- 148 2-5 
use in suppression of undesirable bacteria............2+..+--. 148 3-4 

Pabomeaclapperratl, Tange. 2. a... «ROEM UIStD 2.2/1 oneee 128 22 
Bait, herring, quantity and value, MOS 22 5 PONT tere meres aes 150 67 
Baldwin apples: soilsssuntable: ge on bast i: Abate ie mele ce bette 140 52-56 
Barley— 

breeding, use of distinctive types as parents. ........-------- 137 1-38 
culm variations, SIAUUC HYSTA a aoe enn nMNS  f s tinnd oxbs epee a pent By 10-13 
development, rate, sttidied =: init. .cetls aiadi bas allot ecole 137 5-10 
fertility of flowerets, SV ROK CE ets aie esis uN. Glas uae es iii irate tea 137 23-24 
glumes, phases and variability, studies. ...........:..------- 137 24-26 
growing— 

Chode types Of soil... .2 5 05s Re PRS ee ORE 141 30 

Miamaiitypesiol soil: yieldsetCss.-.2.2s.sssee nice ee 142 { oe ne 

under fall irrigation, experiments at Scottsbluff farm... .. 133 8-9 
KOEMClenyariAONS “SUGLeS 4 oe ee esi eee RE UN 137 28-30 
leaiachlaracters: SbUGTeS? 022. eee Al Aa ie oat sat Fie 37 13-22 
Miivera bUMORTEVACW A ecient ee rene ae ceed SESE PTE 137 3-4 
picmentaciom studiessiiiidl2Lk Webi: toga. ie. abs Fee: 137 30-34 
Eipenmimeudate studless foc. Lo ..s eeaes a eee 137 9-10 
Svalof characters, description, development, etc............- 137 26-28 

ee distinctions with reference to their use in plant breeding.| 137 1-38 
eans— 

growing— 

Clydetsoil (Gy peste eee Mee CUE EE SNE 141 ee a ie 

Clydersoils; yield; harvesting, etc. yeast ies ls ee ee: 141 54-56 
as : 25, 30, 32, Miteammigb yes OMSOM eet ye. Me oe ee eye) 142 { 36, 39-40 

wueldsomiGlyde ty pesiot soil 22 o 288). Bae cei sherlen a 141 54-56 
Pent oil, fly repellent for live stock, experiments. ........... 131 20 
eech— 

acetic acid yield, by destructive distillation.................. 129 7 
alcohol yield) destructive distillation: | 2222522223222. 225.02). 129 Uae 
charcoal yield, destructive distillation............2.22...50.. 129 9 
destructive distillation, value of alcohol and acetate yield per 

Re COLO ee yey ioe LL |! . mem MOTE viet) hes 129 | 13,14,15 
lime acetate yield, destructive distillation.................... 129 12 
tanaydield destructive distiWations: 2.5. 22822280) i025 ec 129 9 

Beets, sugar— 
growing in Lake States, association with Clyde soils........... 141 49-54 

21-22, 23, 
erowinesom Chydeltypes: or soils eo) Le eer ks 141 24 ae a 

i 47, 48 
growing on Clyde types of soils, cultural methods............. 141 51-54 

Prowingron Miami types ofsotle 6) es ss) eS 142 { a oe 

growing under fall irrigation, Scottsbluff experiments......... 133 12-13 
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Beets, sugar—Continued. 
harvesting, practices: b.etak ents eee ns SO eae Rae 
influence of soil types in Michigan. 22 :.2so.0c000. ee Sol 
soil requirements. os. oc An soe seedy: Ale aaeecise 
yield on ‘Clyde. types of soil 2.1 s2.3¢¢ seal ee eee LE 

Beets, table— 
erowing on Clyde'type ofisoilisf.ui: eee eet tt ee. 
lime requirements. : ..22222..222-20....2508 FET HS CORA I ae 

Heldine Tail, Habitat. coc8 see es, oe eee ae ee 
Belle of Georgia peach, effect of soil sondkion and structure. ...---- 
Ben Davis apple, soils suitable: 2.2 Sa: 2.02 -2la: tiles slab ticigi ee. 
Berkshire Valley, topocraphy222 5-22 22080 -6a ee ese See eens 
Bibliography, fly repellents for live stock..........:-..--...------ 
Birch— 

acetic-acid yield, destructive distillation.................----- 
alcohol| yield, destructive-distillation....:....--.-.-2-;3: 82... 
charcoal yield, destructive distillation..........-...---...---- 
pete distillation, value of alcohol and acetate yield per 

CON costes. cots caee ae eae <e eae as eat ee 2 Bearer 

tar yield, destructive distillation.....................2.2...-. 
Birds, North American rails and their allies, distribution and 

Bittern, Guatemalan sun, range............... Pig) chee VR Be ye 
Bituminous macadam roads— 

bond-built, mileage, by States and counties.............------ 
MAINTENANCE, \COBLsoc2c ctw eee = een ee Be once cee Seen eee 

Black rail range and mipration. -/..o- ove sees. eos cele eect 
Black scale— 

eflect:at SINOCGO, DICN Ys sa. coe ere cou = soe ecn ae ae ee 
injury to citrus fruit in Mediterranean countries...........-.. 
life history, natural enemies, etc.....................-----2-: 

Blood, dried, nitrogen content, and amount used for fertilizers... . 
Blowflies, injury to sheep, note.2...-.5---3esecee. ceecue See 
Boll weevil, menace to Sea Island cotton. . : SGN aes 
Bond calculations, interest theory, application, examples. 22, GAS Be 
Bond issues— 

annals 18 98=1908 2 1c See die eee eel et ee ee eee 
le galsrestriCiOngs sets ccccens seetac ee ce tee eee ee ee 
State; idefeated measures: 22... 32282522 20-2 ce cee some coe 

Bonds— 
annuity— 

liquidation of debt by installments, tables................- 
redemption schedule =<. 24. joe ee AE 

bids to realize certain per cents, tables, etc.........-.....-..-.- 

county and district highway and bridge, by States........... 
county, district, and township highway and bridge, 1912, 1913. . 
county highway, outstanding January 1, 1914................. 
Government, percentage of all bonds, note...................-. 
highway— 

BOVaNtaCesh: sen. neat on chee Seen eee eee ee 
economic features and calculations, data....-.....------- 
elements olinvesimentass s. 552 see ee 
failure, of enterprise, CaliSes: -.-.22nse see octet sees te er 
ditet issues; LO00-L913) proeress.\2. sees ccc sae ee 25 
number Of counties issoine =... 2 ee ee oe eae eee a 
taxation of cities and nonabutting property owners, dis- 
are SP tre ee ARR a hy, Per RPE RE 

LY PEBYeee et Se ese Ae eee reine Oe os eioace ee eee 
ae also Highway bonds. 
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Bonds—Continued. 
irrigation and drainage, issue 1907-1912.........-.-...------- 136 3 
issuance, expediency considerations...-.........-.----------- 136 27-35 
local highway, issues 1911-1913, terms, etc.............------ 136 4-5 
FAUT IMAM CIMA) BEALS: sys esa syocin iain = - ereeieerereicier teense otal tate es 136 3 
serial— 

liguidation of debt; tablesi. 2.64985 2.020265. scicc.5 32 136 17-18 
schedule of redemption, calculations, etc. ........-...--- 136 110-115 
Makuation: tables: < oy. 2. fave o a. meee HN ens Coe syd 136 111-114 

sinking-fund, liquidation of debt by accumulation, tables. ...| 136 14-16 
State highway— 

Sarmary We VON. oo. cient aul cee et ee 5 DUS IRE 59 136 4 
SIR cies Ses epee nes URES Les Age Ps rey ae 136 34-35 

township highway and bridge, rate, etc., by States...........- 136 49-62 
types, comparison in liquidation of debt...............-.----- 136 18-24 
valuation— 

Pemeralormulaseet is escieis sco. > ocepyaccisclon 2s «is cee sie sii 136 111-112 
TEE ONS to a el a em ee Rape IRR 136 114-129 

Bone— 
fertilizers value, preparation, etCs:/. =< jane. ste oe sete 144 2 
phosphate, yield per ton of fish waste...........--.-.-.-------- 150 24-25 

BonstreeEL, J. A., bulletin— 
elite Clydeiseries of soils’ so. jos... sacar ce lee e rene eee ek 141 1-60 
pobhe Muamiseries|OL souls. Ses eee ete ps ies 142 1-59 

Boe, LOVE BLOCK oes s Moc. eee ee ceed o ciee's « aMERe 131 it 
Brick highways, maintenance, discussion..........----+------+--+--- 136 14 
Bridge bonds, county and district, by States............-.-......---| 186 37-39 
Bdge piling. Norway pine, value. :_- 2252-46 Sst iV sek. cies 139 15 
Bril, A., citrus-fruit management in Palestine, note.......---.------ 134 34 
British Columbia— 

Kanaloops: Canal, Construction. 2.52.) .'. 022 Secreta set 126 65-66 
Kelowna, Canal. construction: =. 2.20... (:sauce ts gece onetot 126 70 
palmonpack! LO0S=TOUS Secs Slt ei Se Reeser rca He ie 150 13, 16 

Brown, Epear, bulletin on ‘‘Commercial Turkestan alfalfa seed” .| 138 1-7 
Buckwheat, growing— 

Wlidertypesiot soutien: i cee sci ck sh je eiccte cay AY ees OEE oak 141 23,37 
Manimiaiinpesiol soil: 2022222. 2 Noes cece gels ak tey wee 142 32 

Cabbage, growing— 
22,21, 31, 

Clyde types of soil, management, etc.......-..........-------- 141 |; 41, 42, 43, 
56 

lime requirements. 2 sac? 08 oh 22 5k se pk\s ol os 141 27 
Calcmimeyanamidsnitrogenicontent. 0..... 922222. 22.2. 220.2... - 150 4 
California— 

bonds, county highway, and bridge, rate, etc.............---- 136 38, 62 
Brentwood Canal! construction: =. 2. heise ey ee 126 62 
Clapperratl ran gescs: cvs be Sg a ees were eye seas tL 128 17 
concrete-lined irrigation canals, data..............-....---.-- 126 42-45 
irrigation canals, dimensions and seepage...........---.-.--|- 126 4-8 
Los Angeles Aqueduct, construction and cost...............---- 126 81 
Manteca. Canali construction 5. 2//,.01. «2 eeergnsrie -fs 6 (ee ee 126 78 
Modesto|Canal, Construction: /2 22. (2.3 me ey es aaiatieen S 126 78 
Orechardaruits.PrOdUCtION, CLCSae. -..-': eer yan ia ive sh ein 140 36 
Patterson: Canal, constructiom. 6.04: <i-) seek ents sso. et 126 61 
Statehiehway bonds: rate, etes > sc... nebo hoe lsapaele 136 34 
Murlock¢Canal constructions... 4222. Seabee hee en oe 126 77 

Calliphora spp., effect. on sheep, mote... <4. ee ssid oe. wes} f Gee. 181 2 
Canal linings, cost and advantages of various kinds, experiments... .| 126 47-48 
Canals— 

concrete-lined— 
BHEHIMENC so sos jess Ss is calea ec. wie See eo ts tees bade sere 126 51 
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Canals—Continued. 
care and protection aie Sing clei e'ercio’s Sines ate edhe oT ante 
carrying capacities, (aig... <. s.suns Jes fcc elec 
irrigation, prades.and alionment 222i 2.'hs 0 Set 

concrete lining, adivantavesiess=2 = 5 = ae een eae Meee ape 
concrete linings, data for various Ghanie | Seesee ss ee eee 
irrigation— 

concrete lining so22 siesta ee ee Eyieas ae AP 
construction and cost in western localities. ...........--- 
number, miles:.and capacity 2.2: 5-25)... isnt ees 
seepage ‘losses, ‘measurements, Cathe cuteness eee 

joints in concrete lining, types and construction.......-.--.--- 
Cannery— 

salmon, equipment, requirements of ‘‘one line” plant, out- 
PUbPCtC A wae scics os cctos ee Se so See ek Se ete ee ORES 

waste, Taw, Chemical composkion. -..2825.2¢25.2.422--ees ese 
Canning— 

fish, technology 2... 2 csni002252-douaeeasi seat csdascsaetess | 
SalMOnsG pera tlOns: sla OLs (CLC. = aes 5 eee ee eee oer 

Cape Cod, topography, soils, agricultural products, etc........-..-.- 
Carbolic acid, crude, fly repellent for live stock— 

OX PCT CNS 4 aye hn, hs care peers ene FS pe ee ee epee ane | 
value andiuse: ..-s2oc...25 sce asedsae nsec senses eee 

Caribbean. Clapper. yall; range... 42555 2de55c05222~. Ee | 
Caribbean 00t; ranges 224-200. ens s abe dan fe: eeee Pepe 
Carmen peach, "effect of soil condition and structure.............-.| 
Carolinarail. See Sora. | 
Carpophilus dimidiatus. See Nitidulid beetle. 
Cattle, injury: by flies, experiments, ete. J. 22.2 5222.5. 22202 2... 
Cattle tick. See Tick, cattle. 
Cayenne wood Tall, Tange... 2200-6200 oh ce cae sd ete) a ee hs 
Celery, growing on Clyde types of soil.....:-..-..--2--2.222.0-22- 
Centaurea picris. See Knapweed, Russian. 
Ceratitis capitata. See Fruit-fly, Mediterranean. 
Champion peach, effect of soil condition and structure.........--- 
CuapMaN, Herman H., and THEopore S. Wootsey, JR., bulletin 

on ‘‘ Norway pine in the Lake States” Se Ss ate 
Charcoal— 

production in destructive distillation of hardwoods, remarks. . 
yield from destructive distillation of hardwoods.....--....--- 
yield of hardwoods, destructive distillation, comparisons. 

Cheese, Emmental. See Cheese, Swiss. 
Cheese starters, use of Bacillus bulgaricus for Swiss or Emmental 

types... 22. ee eee eee eee ee ee ee eee eee eee eee eee 
Cheese, Swiss— 

American-made, quality, condiionscie 2. .-222e0 cee 
making with Bacillus bulgaricus starters, experiments . 
suppression of gas formation, use of Bacillus bulgaricus, experi- 

M CNUs sateen Seis BIRR ie eicrae Ae Sicvere lee aera ya 
use of Bacillus bulgaricus in -starters.o02 212-2. -cececeer soe 

Cheesemaking— 
mother- starters, care and protection from yeast..............- 
Swiss type, difficulties in United States............2220.00-- 

Chestnut timber— 
acetic acid yield, destructive distillation. .............-.--.- 
alcohol yield; destructive distillation..<:=.c2cs322. 25225, =2 7 
charcoal yield, destructive distillation..................-.--- 
EEA distillation, value of alcohol and acetate yield per 

COTO jogs BL EEL iS UB ee ese eae eee nen 
lime acetate yield, destructive distillation..............-..--- 
tar yield, destructive distillation... ee- 2-2 orcs see 

Chicory, growing on Clyde soil, yield, notes. .....-.............- 
Chilocorus bipustulatus, enemy to black scale, note..............-- 
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Chrysomphalus dictyospermi— 
injury to citrus fruit in Mediterranean countries.....--------- 
isfeyhistory, habits, and natural enemies:.-2..---...---------- 
occurrence on imported plants, danger of establishment, etc. - 

Citrus fruits— 
ommblan corp lt alyssa eo sae ce '.)2s . seeeieneac tite ve ciece es 
handling i Tiga FS) op Pra epee ge EI nas AUR a aS Nearer 
imports of oranges and lemons from SOPH So eee eee Ee! 
injury by insects in Mediterranean countries.-.....----------- 

Citrus mealy bug— 
life history oa natural enemies....-..--2------------------- 
occurrence and injury to citrus fruits in Mediterranean coun- 

tries. 
Citrus-fruit— _ 

industry, Mediterranean regions...........--+-+--+-+----+-+-+-- 
insects, Mediterranean SOuTitriCR = Sumemennnn are U A We) 
region, Spain and Italy, meterological data.........-.-.------ 

Clapper rail, range........-.. PE NO TAI 2, © ANC sae ll ap ae BS Cope 
Clover— 

growing— 

Ghydety pes of soil! 2neaehe isc epee cna. a | 

Mianaitypes'oi soil, yield,ete= 22. .g222 242. 22 aa 
Club, agricultural— 

organization byenuralitescher-solam: 4. rsa see ss eam 
scheme for school grades, by TOnths : ea ee 28 BGM 
school work, constitution and by-laws, suggestions. ....--.-.-. 

Clyde series of soils— 
CERIO soni to cet RAN t Shs eae, ee aye She tre cacy ween 
draimage-mecessity and benefits:: 22... 02222. fcc ee en 

See also Soils, Clyde. 
Colorado— 

bonds, county highway and bridge, rate, etc.....-.........-- 
irrigation canals, dimensions and seepage, data.........-..-.-- 

Columbia River— 
fish waste of canneries, utilization.....-.....-. Senn clei aN ace Ley 
Salmon pack, J909—191 3052s ose ess. ee ees Heeeapiear a ae 

Concrete— 
canal lining, effect of alkali water, protective measures, etc... 
contraction and-expansion, testes: 7 eee sete lee | 
joints, canal lining, types and construction. ..... Beate Sik ile Bie 
lining for canals, care and protection. . | 
iinanoulorpirmeation canals::.* 6226222... eee: tooo ser aero 
roads; sMaimtenance, GISCUsslOM. 2225. . Bees tse ee. Pe 

Connecticut— 
bonds, township highway and bridge, rate, etc.............-. 
orehardsrults, Production, CLC. 2.2: . 2. aaa sess cnt se slo 
orchard lands, DELCCS MOLES =) aice 2 5 oer ae eee ee ee 
soils of various sections, descriptions, etc... 
soils (with Massachusetts), especially for apples and ‘peaches. . 
State highway bonds, ‘rate, etc). .: -. eee rs 

Connecticut Valley— 
soils, adaptability to special crops, discussion . 
topography, SOLIS) Cte Mest e i. eames Ste 220). CORRE 

CooKE, WELLS W., bulletin on “Distribution and migration of 
: North American rails and their allies”...............-..-- 
Coot— 

economic value, need of protection..........--.. So booco dhe 
food value, TOL Nr He Se re iO NING ana ey LoyaNsiii oF 
range and migration EEN Cos a CHR MEP ico cE Sg ea 

Corn crake, TUT Gy ce etahfa rnc ate SMe ELE Ss pO gf ELIS Lo 
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Bul- 
letin. Page. 

Corn— 
growing— 

20-21, 23, 
26, 29, 31, 

Clydectypes.ot sotlo. -20. eas n ence saeco ass ae 141 |{33, 37, 38, 
40, 41, 42, 
45, 47. 
19, 20, 21, 

spa te +) . 22, 24, 29, 
Miami types of soil: yield ."Cte.. 12. . sees ee eee 142 34-35, 38, 

39, 47. 
under fall irrigation, Scottsbluff experiments..........-.-. 133 11-12 

Cotton— 
consumption and stocks, kind and locality, 1911-1913......... 146 18 
culture, methods in Georgia SG LORI aes eee arene ees rere 146 | 13-14,15 
Egyptian— 

average oradé, 1902-1012 coi...:... mee see wee sa se nue eee 146 17 
competition with Sea Island cotton............:-..------ 146 2-3 

factor; statusim cotton marketing... 28 s-.22.222) 5-2-2 oe = 146 10 
goods, change in style, effect on “Sea Island cotton industry...| 146 6-7 
grades, average for upland, Sea Island and Egyptian, 1902- 1912.) 146 Aer 
growers— 

‘Island... situation, CONGMIONS, Gls... 222 oe ee se oe 146 8-13 
South (arolina, refusal of sale of Sea Island seed.........- 146 5-6 

crowing, disadvantages of many varieties..........----.....- 146 11-12 
imports, by countries from which consigned, 1895-1913....... 146 18 
lands, diversification of crops, suggestions, note..............- 146 12-13 
marketing— 

Methodsan Georclasand | HlOride =e asees oe eee 146 14 
system at Charl estonyiss Go... s seen eo ee ee ee 146 10-11 

mills, improved machinery, effect on Sea Island cotton indus- 
EY 2 Sid sickest eral yet a 2a eee ee es 146 7 

mixing seed cotton, disadvantages.....--....2----------------]| 146 15 
Sakellaridis— j 

advantages over Sea Island cotton, for spinners.......-.-- 146 4-5 
relation to consumption of Sea Island cotton.............- 146 4-6 

Sea Island— 
average orade, TOI2—1912 oot ss) ce as ays ala ee inert eee 146 17 
centralization of market control at Charleston..........-- 146 10-11 
Gropsrandsprices lS Gp) OWs se eee ee eee ee 146 16 
crops of 1911-1913, yields, prices, etc., comparisons......- 146 1-2 
cultural methods, expense, etc.-....---.---------------- 146 ial 
deadlock, 1912-13, causes and effect on peas see 146 3-4 
decrease 1n consumption, causes. -| 146 3-8 
deterioration in quality, causes and effect on ‘industry. -| 146 5-6 
ECONOMIG CONGITIONS ama USt yee cee 8 eles re reer 146 1-18 
exports, consumption and stocks, 1865- 1913. SR Rate 146 16-17 
soil requirements) MOtes -seme= note esata iatelee toe oe 140 43 

seed, Sea Island— 
refusal of sale by producers, effect on industry, etc....... 146 5-6 
supply by pinning. companies. 22.8220 232-2222. cee te 146 14 
upland, average crade, 1902-1912 5.58. 2. ose eee cee suse 146 17 

Cottonseed meal, source of nitrogen for fertilizers, amount used 
rh a8 ata 1 Cs ieee eeg ts oe Rene vO eee a Perey Cea Ne 150 4 

Cottony cushion scale— 
life history and natural enemies... -2.-s5.<¢-2<-222-<--2-25=- 134 20-21 
occurrence, and injury to citrus fruits, Mediterranean region..| 134 20 

Coturnicops noveboracensis, Tange and MiSTaMON. «oc cceoce come cees 128 31-33 
Cows— 

dairy— 
milk production as affected by ticks........-----.-------- 147 1-22 
injury by, cattle ticks, experimentss.,... 2.620002 on ne eee 147 2-14 

milk production as affected by ticks, experiments, records, \ 147 { 11-14 
COMparisons,, -ClCas 2 <2 oss cece BS SORE ES CE ISTIC 
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Cows—Continued. 
fever caused by tick infestation, experiments, records, etc. -- - 
injury by flies, effect on milk and butter supply.....-.-..- ee 
tick infested, spraying with arsenical solution, effect on milk 

yield, experiments...........- jie eae aS ee Sean 
Crandall, W. C., survey of kelp groves of Pacific coast, note....-.--. 
Cranes— 

economic value, need of protection, etc.........-...--------+- 
North American, description, range and migration of several 

SEO CVSS ip ea ee Cc i oI tS ote Spey 
Crawford peach, late, soils suitable. ................-.-.- eee as 
Creciscus— 

albigularis, range.--....- Rr Sates oes seem ey oeps es iaeta rele < 28 
CUMETCUCE D Sn LAM OO Mera ciate we ies eee ep ai cisinie ee erniee ek 
COMP CHMUS: OMIBS SES SCE SGU SIE SESH Oe SAGES SSOOAS BA OUECES 
CUM ISRAG CIES MB DSC. ccc: Scrctie ci on foi Coates ae eos ee sees 
VOmarccnsisurangce andonmilerationme: .-..2sesse" os see ose ae 

SO RCTACH CU MAM COUN esc sae el ee. SVR CSU Se Oe 
Crops— 

character and varieties, relation to soil characters............. 
fall irrigation, experiments at Scottsbluff reclamation project 

production on alkali land, experiments on Huntley reclama- 
HIGMEPLO;eCim Montana Ne ante et) <  ee ih oe es he ad: 

varieties— 3 

indie types Of soil ssces cece Wace s a poe cee ow eee some ae 

Dacus oleae. See Olive fly. 
Dairy cows. See Cows, dairy. 
Waieiarmine, Clyde'ty pes Of soil? 2... s.edeees ceed see et soh sue: 
Weaiane Maamictypes Ob soll: 2.2... 02 Gime oe. 
Delaware— 

i i 

Doane, C. F., and EK. H. Evpreper, bulletin on ‘‘The use of Bacil- 
. oe bulgaricus in starters for making Swiss or Emmental 

cheese 

sees e ee eseese ese ee see esses ees ese eee cee eee ese ee 
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Drainage— g 
Clyde series of soils, methods, benefits, etc............-.--.---| 141 53 

Clyde:types of soil, notess.ei2s0-) 2 cee ee Soc ee ee sate 141 { 2 oy 3 

Miami types of soils, necessity, cost, etc....-...-..--.--------- 142 44 
Dried blood, source of nitrogen for iertilizers, amount used and 

VICI: S252 vote cue tno cetetn a wae apes e aa ee ey ea Le eres 150 4 

Beypt,.cliirus-iruit industry, notes..-2.$ eso fee ose cae cee 134 34 
Elberta peach, relation to soil condition and structure pa Regt ers 140 70 
EvLpreDGE, E. E., and C. F. Doans, bulletin on ‘‘The use of Bacil- 

lus bulgaricus in starters for making Swiss or Emmental 
Cheese eee iaweck acaerccmion aio. 04 Saue se cca oot oda eman ee 148 1-16 

Emmental cheese. See Cheese, Swiss. 
Engineer, highway, employment in question of bond issuance, 

Beneitsse? 12201, urtaae ssi ae vias sets Stee ue Seuaietas, shoes 136 29-30 
HUTO pean CoOty TANGes. a6 5 skew theca to Selec c.s sisle ot,-cre Seis gee one 128 43 
Cr YOU AION, TANCO—. a five ao ais ofacie eeie + ian 2 Sm 5 aie steel 128 47 
Exochomus 4-pustulatus, enemy to black scale, note.............--- 154 15 
Exports. See under name of specific product. 

Fall pippin apple, soils suitable............seccees ete ore ase eee 140 61 
arallom Yall Tange. -.. -.. cjcereicts oc aie ee ae inves wae oc eine cena ae 128 36 
Harm lands, production, weight per acte. gett .i24 2 es ee esas 136 9 
Farm-orchard development, southern New England, practices....} 140 34-35 
Feed, fish scrap for cattle and poultry, discussion.................-. 150 34-35 
Feldspar, fusion with phosphate rock, experiments................. 143 4-5 
Fertilizer— 

acid phosphate manutacturess fac sec esses Ye cee 144 1-28 
citric-soluble phosphoric acid and potash, prodnaten and value.| 143 J-12 
elements, soll requirementas es. 52 .c0 2s ht sinis joe's coders 2 ea 150 2 
fish-scrap and kelp— pels 

mixture,;walue, Management, ClCkc..ecceccics 06 cece sce. . 150: |e 66 
Prodietion, sUPSESHIONBS a-ais s ee ee 150 52, 66 

manufacture from fish waste of Pacific coast... 150 1-71 
phosphoric acid-potash, making from phosphate rock and feld-_ 4 

spar, methods, experiments, CLC Paes ae ao eS ee 143 2-9 
plant, fish scrap and kelp, combination, advantages, sugges- 

PLOTS CLCE ee ce See ste es arte is cS Sate es ae See ee ee 150 64-66 
prices, determination Methodists cocoate cee s mcee waa eae 149 2; 
Blap MOTE StSN. ace sa/iee aioe terete ticicle Nepales ere cie asian ean orn pales 143 9-12 

Fertilizers— 
catalytic; natire; experiments, etc. cae. os cincisuisenise tes cee 149 11-13 
elements NeCeSsArys fo tye seats saSate ns Sa ene eee ae 150 2-3 
TMANULACtUres; YAW ANALEMAIS: vo uo .jsteel ae a vela a eee yan eee ela 2-5 

Miami types:of soils: 056.2 cote eto ee 142 ae 4 aa 
? 

orchard, in southern New England, use............ Be tne Ae 140 34 
radioactive substances, use....... Seis sn ae Ny es Ue pant tee Cg a 149 1-14 
requisite elements: .. o\ss5ccs ease (eects aoe eee eee ee ~.| 149 1-2 
sugar-beet growing on Clyde types of soil...............2.222. 141 52 

‘ : 7 213225205 
ube on: Clyde:types:of sole s.: wd... ae Sete heh pet tae 141 { 27-28, AY 

Miniooth AMOR Can TANS sacs oe heen 2h ea alee ae 128 47 
Fire, protection of forests, importance of brush disposal. .........- 139 33 
Hires; forest; danger from‘ slash. 2-23.52. . os 256 boone eaters 2 oe 136 33 
Fish— 

canneries, waste, chemical composition..............0+---..--| 150 23-25 
canning technology... 2 o.oo ere ce ees), ae 150 4-16 
fertilizers, analyses of salmon and menhaden scrap............ 150 33 
glue; salmon, value ‘and Uses, NOTE. wceeseds cere cece ons wen ice ts0 36 
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Fish—Continued. 
oil— 

value and use as fly repellent for live stock............---- 131 { 9, 10, ee 

vaclaaper tonvol fish waste:2-2. 2.2 seem eb. . sccs co Scie 150 24-25 
scrap— 

deredieanalysesiof various-kinds: . .2o-2 5. ssc hsec- Set 3 - 150 71 
manufacture as by-product, proposed plan.........---.--- -| 150 44-52 
manufacture, central rendering station, suggestions, objec- 
TOTS EUG eee Clectis San eI, SN Mae rie NO 150 36-44 

nitrogen content, amount used for fertilizer, yield, etc.....| 150 4 
- oily and oilless, fertilizer value, comparison, note.-.-....-- 150 32 
plant, cost of apparatus, and operation, items.....-........ 150 49-51 
rendering station, equipment, etc.. proposed plans......-- 150 36-44 
salmon, value, comparison with menhaden, cic...........- 150 32-35 
salmon waste, production, process.......-..--....-..-.--- 150 fe1ey | 
SAR MUTE HAN Aly SiSeey Scie en ys Cl | Nee MO oe erate ras 150 71 
HATE PARALYSIS 208 ee iat 2s. ae enact e cect cree oe Oe 150 71 
use as feed for cattle and poultry...............--.------ 150 34-35 

traps, salmon fisheries, Pacific coast, description and operation.| 150 4-6 
waste— 

amount, character, and value from salmon canneries.......- 150 16-22 
eaunenyaavalile: Per One s22522 Ss. setae ace Sues 150 24-25 
disposal at salmon factories, practices, objections, etc.....| 150 25-27 
Pacific coast, utilization for manufacture of fertilizer... ...| 150 1-71 
yield of fertilizer elements per ton............--..----.-- 150 24-25 

wheels, description and operation.........-... Sacibars Ops penetrate 150 7-8 
Fishing— 

salmon methods.on Pacifie coast <2... yi onssciotcs a2 22 sin 55 150 4-8 
trap, management at salmon fisheries........-... Be Semen eee 150 4-6 

Flies— | 
biting, injury to live stock.......... So SSE ae eel ees eer 131 2-5 
etieet oicolor: Observallonss o- <2)... chanes 2 etc Sas is as 131 5-6 
repellents for ‘protection olanimals:. (. Seti. Wee apa 131 1-26 

_Florida— 
bond-built roads, studies in Manatee County................. 136, |. 91432533 
bonds, county and district highway and bridge, rate, CWC Soar sBXe 38, 63 
elippemrall range So oe. et ok. ect eee eee 128 20-21 
gallinule, range and IMpTatlONs. ee... eens Sas eel 128 40-43 
Sea Island cotton industry, SItUATION - - eee eck 2 eos 146 13-14 

Fly, olive. See Olive fly. | 
Fly repellents— 

effect of various mixtures on live stock. .............-.-----. 131 22 
for. wounds of live stock, formulas...../..2..2.0 022.022.500.025 131 12 
internal, experiments with dogs, asses, mules, and cows...-...| 131 6-7 
Moore formula, experiments.......-. 2 ERE SIS EC eee 131 18 

Fly, stable. See Stable fly. 
Forest management, Norway pine in northeastern and Lake States, | 

importance SUNOS COR HE GAO SHAE Hn 6S cB COaQ Neen an wore 139 1-2 
Forest types containing Norway pine......-..-...00.0cccecece cee 139 11-12 

Forests— é 

fire protection, importance of brush disposal........ cat eee 139 33 
losses from fire in Lake States, 1911..........22.20.2..20...2.. 139 33. 

Formaldehyde gas— Es 
fumigation, use against mushroom diseases, directions, etc....| 127 18-20 
use in control of mushroom disease, experiments.............. NO 11-14 

Formalin, use against mushroom discise. =) Seu 127 17-18 
- Fortier, "SAMUEL, bulletin on ‘“‘Concrete lining as applied to irri- 

gation Garni sock i. ee era 126 1-86 
France— : 

Pia eeCCM PLO UCION MOTE ei. Soe ocean ake eee esis 138 | 1 
CiGSeUIt IMGUSIY ce sac os Shwe sce. Sle kee eet a: A Sop pa aie a 134 | 33 
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Fruit farm, western New York, operations, costs of apple orchard- 
IN OMELC ts syots hs MAR Nec oa, SN ats a miata oteyee Se ahclecaya va teretate 

Fruit growing— 
genéral farm, Advantaves. 2.0: 2. Se ees Spee Gate eee ee ie 
soils of Massachusetts and Connecticut............2+---e2eseee 

Fruit-fly, Mediterranean— 
breeding in lemons, experiments......-..-.-.: Marthe teste aie 
life cycle De atd nicceecterne es aetimrare aie steals at a chaeyu Se termes te aegeea are 
occurrence, description, nature of injuries, -etc........... ee 

Fruits— 
citrus. See Citrus fruits. 
orchard, production and number of trees in eight leading 

States, wee TP QOQE eB Ret So Se cees Sage EE a ee es 
Frye; T. Ci; and G. B . Rigg, survey ‘ot kelp ¢ groves of Pacific coast, 

note. a fete Sisrineicuaie 2 .c-ater ata ae clercve weve Bho ete Dvane ate ate stg aes Mtoe. 

Fulica americana. See Coot. 
J DOROTE GHG RS ERO eee te MS AA eae lave See oe ae one elena Fates ee 
Fulica car ib POSTADO CH roar) Oacyeretintale ele stone ere Creep e eas oer en aie ee 
Fumigation, formaldehyde gas, use against mushror oom <disease,...... 

Gallumiia.calegta, Yanoe and WPtation -< 2 .cse 22 om ees ee eee 
Gallinules; range and muioratione::.)<:22 2. 2. eee ee fee 
Ganoutpple; sols SUltADIC..c.c2vee cite cnicc wacin eceet act eee. Sonat 
Garden, school, plans 2.5.1. sick. os we ees een esos has soe oe et ee 
Georgia— 

bonds, county highway and bridge, rate, etc................. 
orchards, apple and peach, production and number of trees, 

1899, T9OOS 4 state a a eins calc pen ae Sealant ee weed se 
Sea..sland cotton mdustry;. situation... 24.22 522.2-22.8 ee 

Gill nets— 
fishing, percentage of salmon catch in Alaska... ............-. 
use in salmon fishing, description and operation. . Stata 

Ginners, distribution of Sea Island cotton seed to planters Bene ores 
Glacial inke, soil peas. PORLOM goose heen eats ee 

Gioven, JAMES W., and LAURENCE L Hawes: bulletin on ‘‘ High- 
way bondage. eile ene tee oe nae 

Gite: salmon. valle. and uses note s224: 2-4; sess 
Grapes, growing on Miami types. of soils...5.0 0.2 see ete ec ees 
Gravel roads— 

bond-built, mileage, by States and counties.....-............. 
cost, elements, Maine, New Jersey, and Massachusetts. ....... 
maintenance, COS Wars ctonre,s sialue oictars Strona scieinls oetel Sa se Seneca eee ele 

Gravenstein apple, SOLIS Suitable ee ccs nad te ou trae ees kl ee 
GRAYBILL, H: W.., bulletin. on ‘‘ Repellents for protecting animals 

from theattacks Of Miese oo Sere eee boner 
Greoninacipple,soils.suttable =. .2. cote tea tae eee Bee 
Greensboro pee soils sultable ss Sse eRe se) ont woe ok os 
Grus— 

GMeTwang roneoand MIGTAON sese owas cee euenc ee Soe see ewes 
canadensis, fangerand. Migrations ._.cccee ee a) mene ee oe 
mericana, Tanceand. micratione 2.23. sees 6 ese sie ee 

Guano, sources, use. in fertilizers; Gt¢@..-.s26a.2 222.8652 cette 
Guatemalan sun bittern, range --........... arts c ie 2 eee a ee eae 
Gum, red. See Red gum. 

Halibut— 
eatchino: preparationfor-market, etcvscses. cee) 24 Lose 
fisheries— 

‘Alaska production; 1O13 j2-2. 22 ames sce nee er See Sere oe 
losses Of other fish, remarks.2..saccee 2s ain) See eee seus 
> 
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Hansen, Dan, bulletin on ‘‘ Experiments in the production of crops 
on alkali land on the Huntley reclamation project” 

Hardpan, description, effect on quality of apples, treatment, etc. 
Hard woods— 

alcohol yield per cord, destructive distillation, comparisons. 
destructive distillation— 

value of alcohol and acetate yield per cord, comparisons. . . 
yields, investigations, and experiments..........----/-.--- 

Harian, Harry V., bulletin on ‘“‘Some distinctions in our culti- 
vated barleys with reference to their use in plant breeding” | 

Haul, average on market roads, note.....---.--------+--+--------- 
Haul seine, ‘description aANGwoperanion. >... Geer ee waa eos 
Hauling cost— 

on improved and unimproved roads, comparisons...........-- 
reduction on bond-built roads, relation to liquidation of debt, 

CER OUUS da ay A RBI ag PR ag 5 a yea ater yg 
Hawtey, L. F., and R. C. Patmer, bulletin on ‘‘ Yields from the 

destructive distillation of Gertain hardwoods’’..........-. 
Hay, growing— 

Gindenres OlSOUs 2.8 stoke a. se). eee Ss eee ae 

Marnumetypes of soil’ 2 22 beke is 2 Meee cee) ea 

Heartwood, destructive distillation, yield of alcohol and acetate, 
comparisons with slab wood 

IP MEISE IEE ICO TAM OCs Ses aieay = ieee ice <a ROU eS ede 
Heliothrips fasciatus, occurrence and injury to oranges in Medi- 

GeLmaneal COUMtTMES! 2285s cox Us) tee tes ee le ee 
Herring— 

bait, quantity and value, 1913 
consumption, 1913, uses, amount, and value...............-.-. 
fertilizer plant, history, output, objections, etc 
fish scrap— 

FSCO WTO eee tere en iaee at teri i ase ata 

oad food eal bait, amount and V alge SEEDED eee ae 
salt, quantity and value, ONG iis ONS 6, J ore eerie Sere siers eres Sarl 

: smoked, quantity and value, 1913 
BpawarGesurMiclion,ObjeCHONS. 2...) 1. eee. cisterdy ce ors 
supply of Alaska waters, effect of fish-scrap industry, etc........ 

Herring-salting plant, Killisnoo, Alaska, OUUUbe soa te ae a 
Hewes, Laurence I., and James W. GLOVER, bulletin on “‘ High- 

way bonds”’ 
Hickory— 

acetic acid yield, destructive distillation.....:..............-. 
charcoal yield, destructive distillation.................2.-... 
goewe distillation, value of alcohol and acetate yield per 

COM SRE RBG ac eae 4a SEL eR MEME: 6 cc) 2" 6) SNe EA Siesta 

tar yield, destructive distillation:........-... lag sat ie) ed 
See 

See also Bonds. 
engineers, need in question of bond issues...-............-.-. | 
maintenance, cost, for roads of various types, etc.........-.-... 

141 
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Highways,— 
cost of construction, three types, cost elements. ........+-+-+-- 
county, classification, distribution, mileage, etc-...-.-.-.---- 
maintenance, consideration in issuance of bonds, suggestions 
traffic areas, estimates, and hauling cost, computation, data, etc. 

See also Roads. 
Horifly, injury to dive stock, 2202s.) 7.7 ous ose Ss RPE Se 
Horse, energy expended in fighting flies, note....-.-.-.-.-.------ 
Horses, Injury, Dy Mies! -— oe oee sina cots ee tenses alsimecieceee 
House fly, injury to live stock............e-e0 SM Se Te 
Hubbardston apple, soils.sultable. 5. s<.cedwesiccs Socccsc cesses sies 

Idaho— 
Boise canal, concrete lining, construction and cost..........-- 
bonds, county and district highway and bridge, rate, term, etc. 

irrigation canals, dimensions and seepage measurements, etc. . 

Milner, canal, lining with concrete, construction and cost....-. 
Ridenbaugh canal, concrete lining, description and condition. . 
State highway bonds; rate) :eLCs: -...-seee er acc ocec ccs woe ee 

Jlinois— . 
apple orchards, production, number trees, etc........ a 
bonds— 

county and district highay and bridge, rate, etc.........- 
township, highway and bridge, rate, etc...........-.--.-- 

Index— 
Hulletineon= highways bonds... ees act eeniee aan ee eee 
bulletin on rails and allies, North American................-- 

Indiana— 
bonds— 

county and district highway and bridge, rate, etc........ 
township highway and bridge, rate, etc.................- 

Miami series of soils, occurrence.........0...cccececcccccerce- 
Insects— 

citrus fruit— 
control in Mediterranean countries..................---- 

Interest calculations, highway bonds, examples............-...-- 
TONOTNAS MOTLMNACUS; TAD OO 252 Gass Sees eseeie oes Sle Dose eee ane ee 
lowa— 

apple orchards, production, number trees, etc...........-...-- 
bonds, county and district highway and bridge, rate, ele ins 

Irrigation— 
canals— 

concrete liming... os siese. Cece tee canis aera eaten 
concrete-lined— _ 

measurements of carrying capacities of channels of va- | 
rious shapes and dimensions, datas nose ee asa Se a | 

dimensions— 
seepage losses by. States, dataz:o....c2..ssc seo. seceee 
seepage measurements, data. 2.255.222. -csc05 sscceee 

number, miles, and capacity NC rere Sc hes Soke Bea aaa ier 
fall— 

effect on soil moisture condition in growing season, studies. 
experiments with crops at Scottsbluff reclamation project 

LAPIN ooo a cleitee Sole cie Sia eie tiated ot xvanhe Memectovuire Sac unig Sear ta Actes 
water Tights, prices per acre; MNOte=: - Fishes... ss cisco ee sees 
water use,. losses in transmission, etc..........L2 ccc ececcdece- 

39, 64 
49-51 

131-136 
49-50 

39, 65-66 
51 
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Italy— 
pliciiayseeds Production NnOte “.5.2.22 5c 8an 5st ~ eae ee wwe ces 138 1 
CHINAS TATUM SW OG AUIS HEN RAR oe ae BAR Ee on Ree eee 134 31-33 

 citrus-fruit production and export............-..-..----002--- 134 33 
iEalenmo; meteorological datasc:.....:-ca.-52+-22--+s-ss-secns 134 34-35 

jackpine. soil requirements, NOt. 4. i6565-2c5cc56566 os. Set 139 3 

Kansas, tonds— 
county highway and bridge, rate, etc..........-----... elem 136 40, 67 
township highway and bridge, rate, etc..........-.-.---.+--- 136 52 

Kelp— : 
Geriters Of supply.« istic! ssiosccr os. 2s. te eee coc i 150 56 
fertilizer value— 

comparison with other manures........-.-.----.--.es0-6-- 150 60 
RAC LICES SPLICE VCLCY 2s san his 0.) Meee oie aces seeioe 150 59-62 

groves, Pacific coast, yield per annum......-..,-...-.----.--: 150 50-56 
growth habits, requirements, CC ee oe eee 150 53-54 
Macrocystis— 

composition, samples from various Loe Do see icme s eeee 150 58 
PLOWLMSMADNtSCUC- ease on ece ns. eee fe reer. 150 53-54 

Nereocystis— : 
composition, samples from various localities.....-......... 150 57 
PLO HabltsTe quirements: o2o=: (tees cocoons ere 150 53-54 

Racitic coast. distribution and supply..<s222---ic2.22s¢ece2 2: 150 55-56 
preparation of dry fertilizer, methods, cost, ete............... 150 62-64 
re PUOUUIC IONE aaa ea Gane Aaa eee Se RN ne cere wctme aneare E 150 54. 
WISE CH AUSTIN SBS CR Re Re Pa nema et tein anu 159 53 
Pale lade dimanyeleriWiZen: 26% ccecace ean: scien | athe seein = Sec 150 63-64 

Kelps— 
composition of species from various localities................. 159 57-59 
giant, Pacific coast, varieties, value for fertilizer, etc.......... 150 52-64 
Pacific coast, value and av allability for fertilizers............. 150 52-66 

Kentucky, bonds, county, and district highway and bridge, rate 
GUGE SO EES He Saas Meiers eri eles eae erg cme one ee teas eR 136 40, 67 

Kerosene, fiy repellent for live stock, value and use............... 131 |9, 10, 11, 20 
King rail, range and migration a ilve ooo ojos << MESS Soe Clciowleie ae clei 128 Hei 
Knapweed, Russian— 

growth characters, decartonee Olseed: elekes as occenceseeseL 138 5 
occurrence in Turkestan alfalfa seed...........-+------...-.- 138 5 
BECOPROLeSChIP LIONS sac hese hs os 5s ee on so ies ee 138 5 

Knorr, Fritz, bulletin on “Experiments with crops under fall ir- 
‘ rigation at the Scottsbluff reclamation project experiment 
carpe a A 133.|  ° 1-17 

ue molle’”’ diseases of mushrooms. See Mycogone disease. 
abor— 

Alaska salmon canneries, management.....-..--.............- 150 11-12 
apple orcharding, Wellman farm, western New York, costs....| 130 5 
cotton growing, ‘task BYSUCII eee tans erie at e ioc eee 146 11 
larmnwares, western New York. 0.0... cscesd.<-0.----eecse 130 5 

Ee States NOLWaAY: PING 2.2. un ons Selec cs Seeman o co. ose ees 139 1-42 
Land values— ; 

gmercaseab.y. Improved Loddss2s2s2c2. 2s. ease os os ee 136 33 
iramiiniyipesiot soto. se SoS... ee eg is a, 142 46 

Lane, ©. N., and E. A. Mruer, bulletin on “ Correlating agricul- 
ture with the public- school subjects in the Southern ail 
LACS 7 Smee aes ce ee NS; iene esos sce bara 132 1-40 

plate. Crawiord peach, soils suitable:....::: 2222225502 2o5c2c555.- 140 70 
Laurel oil, fly repellent for live stock, experiments............. scene ol 21 
Lawrence ‘wood rail, Tanre ees es elie SNE occas 25 
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Lemons— 
imports fromaltalay, liQu ett. elo oo aie est hows of ae 
iniestation with Mediterranean fruit-fly in Sicily.............. 
production: inj Ltaly, VOW s,s cn. Jee rte ce SN erace eae sate 

Lepidosaphes beckiu. See Purple scale. 
Lepidosaphes glover, injury to Citrus frutts.. 2.52.2. e tec bee eee 
Hemet iooted Tall TONG. a soca et ton see ee eee ee ree, oe 
Lime acetate— 

value of yield per cord from hardwoods, comparisons, eic...... 
yield of hardwoods, destructive distillation, compar ISONS*4a.< te 

Limpkan; Tange, nesting season, et¢..2-- io. olen. tele ees 
Linnopardalus maculatus, TONG! il 5. Suiceeisie erate oe eee oes 
Little brown crane, range and migration. .........-...--2---+---- 
Live stock— 

effect of fly repellents, summary of tests....................-- 
protection from flies by fly repellents Re ae, eet eae eae ee 

raising oni Miami types of soll. 22o2...s¢e222 cic cess k oede ede 

WOUNOS: fivsrenellentcets a 2S-- 0 <oe eee sen cee cones eee 
Loans— 

annuity installment, schedule of repayment, calculation 
methods, examples: 2. ics! os .sss eet rene ee sea eee 

road Pye: interest calculations on highway bonds, exam- 

ity igane a ee ain eee MOL, Re en eis ee 
Lonchaea splendida, Intestation of clirus fruit. o5.2.6. nica eosen es Seek 
Tone scale injury to .Chirus Itt: secce <tc. eels once see aes Oe 
Louisiana— 

clapper rail, TADS Cees Soares eis Sarge SSeS eon he eae 
irrigation canals, dimensions and seepage measurements, data. 

ULIGSEN COLO eM \UT Yj LO SUCCP yaaa xs ote ecco e t Se mcecae eases 
Lumber markets, status of Norway pine..............-6-0.------- 
Lyperosia vriians, myury to live stock... ccecccsscacceciencccassecs , 

Macadam roads— 
bitu™ inous, cost elements, Maine, New Jersey, and Massachu- | 

SOULS OO Seat Nie Be aa sees gegen en ee Se eee 
bond-built, mileage, by States and counties...............-.-- 
MAINTENANCE; {COSb: ae scence nee wid tate ee ci ctaneteola cok ate case ee ee 
water-bound, cost elements, Maine, New Jersey, Massachu- 

Be bbevel QOS = lO Mic cates & Senta ies ns See a ore ee eerie 
Macrocystis pyrifera. See Kelp. 
Maine— ; 

bituminous macadam roads, cost elements 1908-1911.......... 
bonds— : 

county and township highway and bridge, rate, etc....... 
township highway and bridge, rate, etc-.........-..-..-. 

gravel roads, cost elements 1908-1911, area and location....... 
Biate mchway bonds Tate SiC. 4.5..ceagten sen sana ape ooo s 
water-bound macadam roads, cost elements 1908-1911... ....- 

MemioTove, WOOG-THILs Tanve secct ect bes 5 on tafee eres cre cine oie ers tig nics rage 
Manures; radioactive, COMposlilOn: ce. see-- cscs wee 2 one eee aet 
Maple— 

acetic acid yields, destructive distillation../...-...----2-2-:- 
charcoal yield, destructive distillation ..--......:..-224------ 
destructive distillation, value of alcohol and acetate yield per 

tar yield, destructive distillation........ 2 ea EN Pe 
Margaropus annulatus. See Tick, cattle. 

3 

13-15 
10 
18 
25 

1-9 

22 
1-26 

{ 26, 30, 34, 
7, 50-51 

‘12 

102-103 

92-129 
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Market roads— 
economic value, data and discussion...............-.-------- 136 6-10 
traffic record of seven unimproved.-.....---.--..-------------- 136 6 

Marketing cotton— : 
Cearmrwandielorida, methods is. .Se eee seer ee 146 14 
EyBieniat Charleston, ou © sels. UL. Meee ane hs oss eo 2 146 10-11 

Markets, lumber, status of Norway pine.......-------.---------- 139 14 
Maryland bonds— 

county and district highway and bridge, rate, etc......-....-- 136 68 
county hichway and bridge, rate, etc. .222.-222--2---.-....-- 136 4] 
LAheMMolways TALC CLC sen soct sels. aes Se OM ee dees 136 34 

Massachusetts— 
Lae macadam roads, cost elements 1908-1911......-..-- 136 90 
bonds— 

county highway and bridge, rate, etc...-.-..-.-...------ 136 41, 68 
township highway and bridge, rate, etc....---.-.-------- 136 52 

eravelroads) cost elements, 1908-1911 es oo 36 86, 87 
orchard fruits, production, number trees, etc., 1899, 1909... .. 140 36 
Brenaxolands.. Prices: NOtes ss. 0) ee es Ye eee 140 |18,21,26,27 
origin of horticultural varieties, note. ...-...-.---.....------ 140 8 
soils— ; 

warious sections, descriptions.;/ 5.552.262." 32222 52.5) 2120 140 12-29 
with especial reference to apples and peaches (with Con- 

MOGETCUL) aera see ese ates RS Se em CS I 140 1-73 
State highway bonds, amount, rate, term, etc. ...--..-.-....- 136 34-35 
water-bound macadam roads, cost elements, 1908-1911......-.. 136 88, 89 

Maumee Basin, glacial lake deposits, topography, etc.......-.---- 141 14-17 
Melmtashsapple;) soils:suitable-22..0..2:252. 7 See 140 60-61 
Meapows, WiLuraAM R., bulletin on ‘‘ Economic conditions in the 

Seamislandicottomaundustryges oes. 2 aoe eee ese Seis a 146 1-18 
Mealy bug, citrus. See Citrus mealy bug. 
Mediterranean— 

CAPs MAAN OUB LEYS soo eee st eialscsc ose eee as BS eee 134 28-35 
countries, citrus-iruitimsects2:s..620:fs 55. 225 134 1—35 

Menhaden fish scrap— 
analyses of samples from various localities................... 150 33 
compariconwith salmon Scrap-./=-2 === = saees ste. fe 150 33-34 

Mexdeankkam ogra: habitatiz-23 Sse eee: - eee oe eee 128 17 
Mexican yellow rail, specimen, place and date of capture. -.....-- 128 31 
MNAMAIISeHIESOL SOUS 4/22 ei 225s) a kcielsic.s sine Se coe ole cee ee 142 1-59 
Miami soils. See Soils, Miami. 
Michigan— 

bond-built roads, studies in Wayne County. ...............-. 136. 31 
bonds— 

county highway and bridge, rate, etc................0... 136 | 41, 68-69 
township highway and bridge, rate, etc..............---- 136 52-54 

Macimnseries/ of soils, occurrences... ...- Bees 142 2, 3, 4, 5 
orchard fruits, production, number trees, etc., 1899, 1909...-..| 140 36 
sucar_beet 1ndustry, magnitude: <2 ee oe ee 8 141 49-50 
sugar-beet lands, effect of type on product................... 140 42-43 

Milk, production of dairy cows, effect of cattle tick........-....-- 147 122 
Miter, E. A., and C. H. Lang, bulletin on ‘Correlating agricul- 

ture with the public-school subjects in the Southern 
SGQECSY (ope eraser ee etl Re Se 132 1-40 

Mrier, G. H., bulletin on ‘‘Operating costs of a well-established 
NewaViorkwapple orchard ers. . oar me ec ee 130 1-16 

Mills, grinding phosphate rock for manufacture of acid phosphates, 
WDE a 6 Sos osubddesocoSbdoousdeRbocoSdbaKKoumoCoBsoSEee 144 13 

Minnesota— 
bonds— f 

county highway and bridge, rate, etc..............------ 136 41, 69 
township highway and bridge, rate, etc.................- 13 54-55 
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Minnesota—Continued. 
forest management under Morris Act.....--..---------+------ IBY) 25 
wheat lands, influence of soil types on product........-------- 140 42 

Mississippi— 
bond-built roads, studies in Lauderdale County........-.------ 136)3)'+316:32).33 
bonds, county and district highway and bridge, rate, etc..... 136 | 42,69-70 

Missouri bonds— 
county and district highway and bridge, rate, etc...-..--.--.. 136 42,71 
township highway and bridge, rate, etc...-..-....-------..-- 136 56 

Montana— 
bonds, county and district highway and bridge, rate, etc....-. 136 43, 73 
concrete-lined irrigation canals, measurements of carrying 

capacities: ee: datatto 4,2. d:jee tee mee seer ner re 126 42 
crop production on alkali land, experiments on Huntley 

reclamation project. sc... 2 Se eaten se eerseaeee 135 1-19 
Huntley reclamation project, description and nature of soil...| 135 1-5 
irrigation canals, dimensions and seepage measurements, data..| 126 24-26 

Mother-starter can, Swiss cheese making, description. .2.s-..4222 148 13-14 
Motor vehicles, damage to country roads, discussion . gta chs atl ao 30-31 
Mountain rose ‘peach, “effect of soil condition and structure......-. 140 69-70 
Moarles-ingliry bysliess 2:.-c2coe she. dee tac emcee meee sacs 131 3,4 
Musca domestica, injury to Dve stocks.) s22 anf. seeeeeeees suit See 131 
Mushroom disease— 

control experiments. . 22. esiece+2 stele: woo See eee 127 10-20 
identityv.of fines; SbUdIeS: = osc oc cee ae ote scree eee 127 3-6 
In CAMELICA IN VeSUOS ONS = jaya, 2 oy-see ee aeen oe ae eee 127 6-16 
OCGUPTeNnce INVUTODE «2.2.2 2.4 8a ee eo eae ees saiceil mA 2 
prevalence, description, and control... .....5.02-.s32¢4-.-.- 420 127 1-24 
types, characteristics, dissemination.....-....--.-------- eee pe l27 6-9 
vitality of fungus, investigations. .......-... SL iin As Saison eye 127 9-10 

Mushroom growing— 
houses, fumigation for mycogone disease, directions.........-- 127 18-20 
industry, erowthiand: extent... 22 f2ecc2 cc. - sence oe gate 127 1 
treatment of beds for mycogone disease. .-...-...---.-------: T2721 LE=18 

Mushrooms, mycogone disease— 
hale Roleiayn yoy eee eee ert Tree Ce em are die on eae 127 1-24 
prevalence and damage............-.----.---22---- sancpeSe hice 127 1-2 

Mycogone disease, mushrooms— 
andl CONWOl= i se See seen ee ecient eae ee ee eee 127 1-24 
history, types, behavior, etc.......-...-.-.-- Se eee eaten 127 2-6 
OCGUTFENCE IN BULO pes 8 secaeee acess as. ee Se ae hive thee ov! 127 2 

See also Mushroom disease. 
Mycoyone perniciosa. See Mushroom disease. 

Naphthalin, repellent of flies on live stock, use............--.----- iB 9 
Nebraska— 

bonds— 
county and district highway and bridge, rate, etc.....-.- 136 43,71 
township, highway, and bridge, rate, etc......-...--------| 186 56 

western— 
crops under fall irrigation, experiments at Scottsbluff 

reclamation projectiarmM ss. sseeee- ees ee ee ee 133 1-17 
precipitation at Scottsbluff reclamation project experi- 

mentifarm: 1910-1915, monthly..¢ j<<2.scecnseeceeseesae 133 2-3 
Nereocystis lwetkeana. See Kelp. 
Nevada— 

bonds, county highway and bridge, rate, etc.........-------- 136 43 
Truckee-Carson canal, concrete lining, condition after six years) 126 87-88 

New England— 
cumate, suitability for fruit orowint Ces en2ccecestes lees cices 140 5-6 
southern— 

soll material and formation.......222.5...0¢ ju2accuigreaige 140 6-7 
soils, deseniptioniuc.. #5 chet oe. cepa oes sat a eee 140 9-29 
TOposTaphy= 5 .2castedes ta. cac ceetect acs see ee tee eee 140 1-6 
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New Hampshire— 
bonds, township highway and bridge, rate, etc....-..-------- 136 56 
Siarouchwayaponds, tate, Cte. 25252215 2er se ee 136 35 

New Jersey— 
bituminous macadam roads, cost elements, 1908-1911........-- 136 90 
bonds— 

county highway and bridge, rate, etc...........-..-------- 136 43,71 
township highway and bridge, rate, etc.......-.---------- 136 56 

gravel roads, cost elements, 1908-1911... fs -| 136 86, 87 
orchard, apple and peach, production, ‘and number of trees, 

TSG i dK rcs As Se ad aes ee ara, ea tea 140 36 
water-bound macadam roads, cost elements, 1908-1911......-- 136 88, 89 

New Mexico— 
bonds, county highway and bridge, rate, etc........---.----- 136 43,71 

meoine michway bonds, rate, ete: ::225:5li2c. sess ene ee eee 136 35 
New York— 

apple oreharding. Operating costs... ..2.5-.42---22 +++ cece 130 1-16 
bond-built roads, studies in Franklin County.-....-.-.-.------- 1367)" 31 32,33 
bonds— 

county highway and bridge, rate, etc....-.-.-.---------- 136 44,72 
township highway and bridge, rate, etc...-.-.----------- 136 57 

glacial lake province, topography, formation, CLC eee aeee caer 141 11-14 
orchard fruits, production, number trees, etc., 1899, 1909.. 140 36 
origin of apple VATIELIeS  NOte= 25) (8n) 2) ee ney as sep 140 8 
State highway bonds, rate, CEH NP 3 RE Ie a a te 13 35 

iicarregia WOOO Tall: TANG: <22c22 ci ssesc eects oo scs tesco ceee 128 26 
Nitidulid beetle— 

Geeniteucenn Cliris (ult. 5 222-5 se snie= eis eens So eee Hees 134 11 
resemblance to Mediterranean fruit-fly, points of difference, etc.| 134 11 

Nitrogen, sources for use in mixed ferulizorsteeee eee 150 4 
North Carolina bonds— 

county and district highway and bridge, rate, etc-...........-- 136 | 44, 72-73 
township highway and bridge, rate, etc.......-....---....-..- 136 57-58 

Northern Spy apple, soils auitablou-s::;.. seer or ower see 140 59-60 
Norway pine. See Pine, Norway. 

Oak— 
charcoal yield, destructive distillation....................... | 129 9 
destructive distillation, value of alcohol and acetate yield per 9512 

Bors ari pneas Bact s i oes sien RE Oe } 1 { 13, 14 
tar yield, destructive distillation...........-.-...-....--22--- 129 9 
timber, relation of species to soil characters.................-- | 140 44 
white— 

acetic-acid yield, destructive distillation.................. 129 7 
alcohol yield, destructive distillation..................... 129 7 
lime acetate yield, destructive distillation................ 129 12 

Oats, growing— 
21, 23, 26, 

* 29, 31, 36, Clyde types af SOULE sta nctein selec sae © o)5\./ See es tee ee a. see 141 38) 41) 42) 

45, 48 
ain (19, 20, 21, 

Miaminiyvnes Of SOM yields "CLCs:.....--stekece cea etc cme eee 142 |, 22, 24, 29, 
Ba SSS ‘ 35, 39, 48 

under fall irrigation, experiments at Scottsbluff reclamation 
ROJCCU MATION fae eee en nn oe ee ey ee 133 9-11 

Ohio— 
bonds— 

county and district highway and bridge, rate, etc......... 136 45, 74 
township highway and bridge, rate, etc...............-.- 136 58-59 

Miami series of soils, occurrence. SOGEBORCEOOSOO SOB OSS abasESaal 1h 2,3, 4 
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Oil— 
fish, yield per. ton. of fish ‘waste..<2- <c222% cep ecedens estes se ee 150 24-25 
herring, production from Alaska fish, amount, yield, etc., 1913.) 150 68 
of camphor, fly repellent for live stock, experiments. -.-+..-%- 13 19-20 
of citronella, fly repellent for live stock, experiments.........- 13 18-19 
of pennyroyal, fly repellent for live stock, Use.........-..-.-+- 131 9 
of sassafras, fly repellent for live stock, experiments..........- 131 19 

of tar, fy repellent for live stock. -.i22. 4.3 oS eee ot { ioe 

salmon, production, value and price. -:..--...-.2....22-s222<- 150 35-36 

Oils, fly repellents, .value and uses. .: 2222... 52055222. tke. 131 { an 

Oklahoma bonds— 
county highway and bridge, rate, etc: Je.2. 0. ss¢.9-s 225-5" - 136 45,75 
township highway and bridge, rate, etc.........-.-.--------- 136 59 

Oleander scale, occurrence, injury to citrus fruits and natural ene- 
mies, Mediterranean countries.............022000+200ee- 134 19 

Olive fly— 
Life Wabite: some ese ce wi Smet ee Se ex ep eer et eras cee are 134 28 
occurrence and injury to olives in Mediterranean countries....| 134 27-28 

Onions— 
growing— 

Clyde’ ty pes-of soils. S225... eee food eee eee 141 ee a ; a 

JIM FEQUIFOMICNIS. <r anc yoo eae we ses ae eee ore 141 27 
ROLL Taqiirementa. 2.2. i-eio acne eee one eee oe ee 140 42 

Oranges— 
imports drome Italy AGU 2s 62.2 seen ee net ena 134 33 
infestation with Mediterranean fruit fly im Sicily.............. 13 4-7 
production in Spain: WOIZ—18 2 eee secs nos ne neces ene 134 30 
washing, method in Spalns..42.. 22. se ceo Mei chee aces esses 134 af} 

Orchard— 
apple, operating costs, New York..--... 0.22.00) 0. 2-eseces ete 130 1-16 
development on farms, southern New England.........-.-.-... 140 34-35 
lands— : 

Belection, (reatinent “cles... S8-)..252s4 6 oon eee | 140 47-51 
value of stones in moisture conservation..........----...-- | 140 48 

Orcharding— 
apple, costs, Ne wWoY OF 222d inns. oc< tase coe ueteoe™ 130 1-16 
as Pye ee 26, 30, 36, 

Miami types of soil........ Re esi eee ae See eh ee ae 142 1 46, 49-50 

southern New England, discussion, conditions, etc............) 140 29-32 
Orchards: COVerCIOpS=. iss se ocitinde heed ase tet emai 2 ee 140 32, 33 
Oregon— ; 

“bonds, county highway and bridge, rate. etc...............-. 136 45,75 
concrete-lined irrigation canals, measurements of carrying 

capacities, etc., data... OR ceeeee ie O 40-42 
Deschutes, canal, lining with ‘concrete, ‘construction.........- | 126 74 
irrigation canals, ‘dimensions and seepage measurements, data..| 126 26-29 
orchard fruits, production, number trees, etc, 1899, 1909......: 140 36 

Pacific coast, salmon pack 1909-1913, by districts................- 150 13-16 
Paint, effect on treated WOO stGStS: saree. ot ema oe eae 145 8 
Palestine, citrus-fruit industry eed cYata 3 aoe UN Sat sin eee eee eee ae a 134 34 
PALMER, R. C., and L. F. Haw ey, bulletin on “Yields from the | 

destructive distillation of certain hardwoods”.............| 129 1-16 
Parahelia macellarva, injury to live stock=-2--) 2222 ess oe os 131 1 
Parlatoria zizyphus— 

injury to citrus fruits, occurrence and natural enemies....... 134 18-19 
occurrence on imported lemons, etc. .....e-e-ceeee-e eee eee 134 26-27 
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Pasture— 
: [i 27, 28, 

WinmeweyiPCs OMSOW eee see e lee, ss 3 ene eae cee been = 141 |; 37, 41, 42, 
ee 46, 47, 48 

MMeATINE MACS OL GOL veers Saino tri Ces OS ete clan 142 { as 7 

Rayan blocks: Norway Pine, value. 2.2 .-/.< <spvsre asisje's [els jet alo hi 44 139 15 
iReachwtand:soullirequirements. 2-22 02)2 2 2 ee ae ye gee 140 43-44 
Peach orchard, cultural methods, cover crops, etc........--------- 140 32 
Peaches— s : 

growing, soils of Massachusetts and Connecticut (with apple 
SAO FALLEN NOR ag ae 1 a a ee a US 140 1-73 

injury by Mediterranean fruit fly in Sicily..........-....-..-- 134 3 
vanetics adaptable to various soils... 3... See4 coc cGs yee! 140 65-70 

Peas, growing— 
Wivideniyqes Ol SOU: ye eee eves ss hn oe 5 Sepa coe eloeias 141 30 
Miramuutymesion soil: yreld: ete 25602. 6. see tees : oss 142 389 

Pelagophycus porra. See Kelp. 
Pennsylvania— 

bonds— 
county highway and bridge, rate, etc..............------ 136 45, 75 
township highway and bridge, rate, etc.......-...-.....- 136 60-61 

orchard fruits, production, number trees, etc., 1899, 1909...... 140 36 
Petroleum, crude, fly repellent for live stock, value and use.....- 131 8,9 
Phosphate, acid. See Acid phosphate. 
Phosphate— 

bonesyield per ton of fish waste. 2... 25... 5--02--+--+---5 8 - 150 24-25 
rock— 

fusion with feldspar, experiments......................- 143 4-5 
grinding for manufacture of acid phosphate, management..| 144 12-13 
TEED IOROT OAKES Si ale i ea A et GE Aa 144 6-11 
source of fertilizer distribution, etc...............2.22.2.- 144 3 

Phosphoric acid— 
and potash, citric soluble, production and fertilizer value. .... 143 1-12 
OPeUELeNee SUP DI celia snot Vien 2 ee Soy elas 150 3 

‘Pig iron” pine. See Pine, Norway. 
HatlestNOKWwaye pine, Value, CtC. 22.) Scececee caeogscsacsas cucu ecen 139 15 
Pine— 

climatic. ang soil requirements: 0525. She ss. See 139 2-4 
jacks sollbrequirements, NOte.-.--scajsé . / ees. Leelee Lice 139 3 
Norway— 

bendimestestSscecc22 25. sees s <5 somes cc pueda 139 10 
euitine methods. <sa/.0 5.2. sohihck ice Lege Leer to: yey 139 28-30 
description, growth habits, longevity, etc...............) 139 4-5 
LOLESEMANACEMeNte weer aes... LS Cann en enn ote 139 25-33 
FLECHOM ATOM ANIUTY co ese. oss. 3 A ee 139 7 
STAMOS ON MUIMD ER: 2a hse Nae creo oan a eee oe ey, 139 13 
growing in mixtures, competition with other species. ..... 139 12 
growth, height, diameter and volume, factors, measure- 

IMENTS MCCOY Ck ee OS eee SUE EON sua 139 15-20 
importance in forest management in northeastern and 

take States... sj. pees ice. Aaa pNertis bain Carers 139 1-2 
amupme lake Statesa se soo. bl. ee en co a UO 139 1-42 
increase in volume, various soils, and localities, table... _. 183 24 
occurrence and commercial range... s2620 20 139 23 
placciin lumber marketssoe-uiccc. « cnet, Se S89 14 
DEVCOSE = sen eet: cigs ajc. oie 't'o 2 «ois ga ORR a TOL ey 139 13-14 
reproduction; artificial... s.222-.... 7. eee Lee Ake lg 31-33 
reproduction, comparison with white pine, etc............ lat 139 5-7 
seed production hae haee a. See oe nt Sint teria atk 139 5-6 
seed, yield, germination, collection, ete................--. 139 31-33 
Sup plygan Gd Cubs. see ene oe wen Ree eee 139 12-13 
tolerance of shades: heck cte 2 hee Sele a I AEE 139 5 
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Pine—Continued. 
Norway—Continued. 

Gurpentine yield 24s... S21) oc ois Be eee. es ene 
USER oes Syste art ah ae ee ence ata ene ere eer gS ee 
Volume: tablester sosmees 6 scclier = eae cee Se eye kere 
wood, appearance, structure, strength, etc....-......---- 
yields of stands of various ages, tables.-.-...........-.---- 

white, soil requirements, note... .:.~..+...0--..2-5. 22h 12222. 
Pine-tar, fly repellent for live stock, experiments...-........----- 
Plant growth, influence of radioactive rays, experiments........--.-. 
Plowing, apple orchard, practice on Wellman farm..............- 
Porzana— 

flaviventris2Tance so. 220 ek ee 423k Co ad So es 
goldmani, specimen, place and date of capture.........-.---- 
PONCOTOATATIOS 22 dled Sere a tress ster a 2 hc eae ete eae 
PLUTO TAN OG 5 Horscacrciwisig oo tatarats go wore aheta Satete diets = wipes ele ieee sore 

Porzana carolina— 
PANCO AN IMLOTAtON 22. coe. aas wet cee ore wa ae is caer see 

See also Sora. 
Potash— 

and phosphoric acid, citric-soluble, production and fertilizer 

occurrence, supply, etG._ 2.62.2. 2 eet seas ol Sule ee eee 
solubility, comparison of slag and feldspar products, tesis....-. 

Potatoes, growing— 

Clyde types of soil... osccecensesssenoscteese sone shee 

Miami types. ot soilyyield,cetet i; Sawa ts ee cS eek 

under fall irrigation, experiments at Scottsbluff reclamation 
PLOSCt ABT. . awe ete re Meee ee a ee eee 

Prays citri— 
Vike TAS COG Fasc once cmcrcre meee eonsen anceps wr tne ee eri eee Seether 
occurrence and injury to citrus fruits in Mediterranean coun- 

TT NOS seco 5 garcia crensreinrer oS ae Panate’ iain eto sc ae eee ee 
Preservatives— 

wood— 
chemical and physical properties, tests..................-- 
eflect om steel, tests: 2 a2 asec: .atievers outa itaie sated stele iecierss 
penetration, tests seston thot dows aoeias Seema 
physical and chemical properties, table. 

prevention of fungous growth, tests...........-.0-+-+.--- 

Volt, testa nw cencecete. sectemadet as deren aes ee 
Prizes, agricultural club, work in schools, suggestions. . : Le 
Pruning, apple trees, operation and cost on Wellman orchard...... 
Pseudococcus citri. See Citrus mealy bug. 
Puget Sound— 

fish waste of canneries, amount utilized, purposes, etc.......-- 
salmon pack TH00SVO1 Re. oo cece ater tine hai ten hates 

Purple gallinule, range- Wastin, SETS Se Ee 
Purple scale— 

injury to citrus fruit in Mediterranean countries............-- 
life‘history, investigations, etc... ...-<0n0+¢serserenceesesess 

Purse seine, description and operation.........------------------ 
Pyrethrum, fly repellent for live stock... : 
Pyrethrum powder, fly repellent for live stock, experiments... . 
Pyroligneous acid, yield from destructive distillation of hardwoods 

Quaye, H. J., bulletin on “Citrus fruit insects in Mediterranean 
countries.”’ eceeccscoceccescesreeeosc ee oeecesc eee ese ece ses eee ee oe eee eo ce 

131, 33, 41, 
|(43, 47, 48 

ft 27, 30, 

131, 32, 36, 
19, 25, 39, 

ts 
13-14 

22 
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Bagiodepeclements. Propentles=-.0-....- a. sesecescc. sc secece-2 
“‘Radioactive manure’’— 

COUNPOS OME sss M Neyer ssi ooeeaneemes | Delete es 
CONSHbNOMUSka co reee cess en ae eS Ue A Ne ee ee 
i@IGL GERISE deen he Ae eie e ae eee lates Menu tam ase ami etpae rome 

Radioactive rays, influence on plants, experiments........-.-..--- 
Radioactive substances, use as fertilizers....................-..-.- 
iRadmmespresence 1m. soils, iscussion...-....222-5-.---.--3ss4-2- == 
Rails— 

habits, economic value, need of protection.....-....--...----- 
MCA OUPE ae ee aaa p ee se Sees. Sema Dee ey 
North American and allies— 

Gistributronvandemicration #2: + S22. Je eee eee Sie! 
HNN CMe ae Wer Can aa keene Ok LR BLA i ee 

Rallus— 
heldinigi Waibates nse ese eectees! 2 elses eee ue: 
LCM SECUNVOGCUS, TANGC™ Hos cS a0 fo 0 oS ee eo ee Us 
LLCO SCOT Me CANO: < fous cscs ahs nc. Sees eee a 
CRE MUON SICHE DULANS, TANS Fost k ss Son oR Ns sos ney 
CREAMS SOUIUTAUIUS, TANGO... 2 ost See Ane eee. oe 
CEO PUNE SESCOLLY MANGO. <2 0 ioe e cae. aie ee eee sel pei 
CLO PION SUOUNEY, TANGLE 22145. ain ciscseete nak Seana) AS AREER DN 
LI COMManOMSGeNl WADA. 2222222502. lone e ct esse ene srceh 
elegans) rangerand:- Migration... 22 j.0524 sos egress. ee Fe 
WURDE SpeBA OCR osc 2 ss ot asosci aja clays,e!aiayt epee Gas, st aee A eee Bee see! 
MOSMICLUS TANCC 2 ous sacce kee SI ehh Sa ae ta Pa ea 
pallidus, specimen, place and date of capture......-.-..-.-.... 
LENMATOSERUSH VAUD ep orice ye re sO OM AUNT RES SHR | 
winguuiaius, range and migration 10200. 24" ses) Be ed. 

Raspberries, growing on Clyde type of soil, note....-.---.........- 
Red gum— 

acetic acid yield, destructive distillation....................2. 
alcohol ‘yield, destructive distillation...........-..-..-.2-...- 
charcoal yield, destructive distillation .....-..--.-.-.......2.. 
desaucuue distillation, value of alcohol and acetate yield per 

COnMMee cence saa ena eta EL ie mere Pot Petar 
lime acetate yield, destructive distillation................2... 
tarsyield, destructive distillation? >:J2) 22 eee ie Ue 

WNCUC AT SEATON Sc bees ars te Nos i apn ee os SS es os AD 
Red spider, occurrence on citrus fruits in Mediterranean countries. 
Rennet— 

preparation with Bacillus bulgaricus for cheese starters, value, 
CCR aia or Sk ee ee rad Ne NCEA SAL CULT 

use-as cheese starters, -note....2.2 082.5 Poe Be es 
aepellentsy tly, protection ofamimals. 2... 2.320220 0-2. le 
Retort, destructive distillation of hardwoods, experimental. ...... 
Rhizobius ventralis, enemy to black scale, note...................- 
Rhode Island— 

bonds— 
county and township highway and bridge, amount, rate, 

LETIM, “Dye tOWNSs Shs cosas! hoe PATIO Y 
township highway and bridge, amount, rate, term, by 
WOW Soom boob o Hm EoE SO aap e beet Cee obese srayce osunes 

Greeningapple; ‘soils suitable. 0. ee eS BOI 
State highway bonds, amount, rate, term, etc.................. 

Rigg, G. B., and T. C. Frye, survey of kelp groves of Pacific coast. 
Eeavembertacereoll province, repioms 42000) 2) ae es ee eee 
Fad building, elements of investment, dangers, suggestions, etc. - 
oads— 

bituminous macadam, Maine, New Jersey, and Massachusetts, 
1908=191 1" area, and- location. 2. 222i SP ee 
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Roads—Continued. 
bond built— 

county,: studies, in several States...........-.-----.---+-- 
mileage and kind, by States and counties...-.........--- 
mileage, kind, and cost in nine counties.....--.-...-.----- 
reduction in cost of hauling, relation to reduction of debt... 

good, economic advantages, remarks and data ...............- 
eravel. See Gravel roads. 
improved, relation to land values......-.-.-- Pasa aeeio Sas eee oe 
macadam. See Macadam roads. 
market, economic value, data and discussion.........-.....- 
traffic area, determination and use of term..................-. 
water-bound macadam, Maine, New Jersey, and Massachusetts, 

cost elements 1908-1911, area and location...............- 
See also Highways. 

Rome beauty apple, souls:sultables. /o..6..042 2c. ec cela Bleed 
Ross, Witi1aM H., bulletin on ‘‘The use of radioactive substances 

as fertilizers. 2c joie Aico eee eee eee een 
Roxbury apple, soils suitable.........22 2s.ce secs - cine sencetenes 
EUIEOUS TALE TAG asa oi cee en i aden ae ree fare ee 
Russian knapweed. See Knapweed, Russian. 
Rye— 

green manuring alkali land, cultural directions. .....-.......- 
growing— 

Glyde:types of soll. 22 sss. on etoe tte}. ee teeeetoee 

Miami types of soil.-yield .et@esctocrtatet eee 

Sacramento River, salmon pack, 1909-1913. .......-..-----...... 
Saginaw basin, glacial lake deposits, topography, Cl@pscadht Sink ae 
Saissetia oleae. See Black Scale. 
Sakellaridis cotton. See Cotton, Sakellaridis. 
‘Salmon bellies,’’ preparation, production, wastes fetCcscseiontye k 
Salmon— 

canned— 
production; OVS = 3.5 1)2.003 See ecemn wale css cea cttre ore tae 
relation of grades to location of cannery.....-.--...-....-- 

canneries— 
by-product plant for fish scrap manufacture, cost, advan- 
[eee Cas orien dpopouenGn er Spee enUCSeE ceo SoSe en aaa 

fish waste, amount, value, and character.................- 
waste, amount utilized, purposes, etc., by districts........ 
waste, treatment on large scale, proposed methods......-. 

catch, Alaska, percentage by different methods.............. 
dressing for canning, operation of machine, etc................ 
fish scrap— 

analyses of samples from various localities. .............. 
coniparison with menhaden scrap... i... 0sssnsssee-c.- 

fishing methods:on:-Paciic toasts... ce eee oe eae eee eee 
handling in canning FRCLOTICS: a. Atlece wee cies Sb eeiea ee cet 
‘“‘mild-cured,’ ’ production - > Mipualh prelates San'ers wesw’ spa al alepsteig Bee 
“‘mild-curing,’’ practices, waste, etC..-..--------------2+--+-- 
oversupply to canneries, disposal, practices, discussion, etc.... 
pack, 1909-1913, by distriGtde ss 0 eee cae eee 
pickled, production Qd Wastes. 22.2 Fonds on fo eee Aimee 
waste, from canneries, collection, cooking, pressing, drying, 

etc., fonifertilizer: 45-0284 ee oe tee ee pr eeie ees 
waste from canneries, fish-scrap manufacture, process........-- 

Salmon-cutting-machine,..operatlon: -sii.%. cee cieb evs ieace ott lieele s ofeye 
Salmon-packing industry, Alaska, location of canneries............ 
Sand-clay roads— 

bond-built, mileage, by States and counties.................-- 
maintenance, cost. J ee AD DB CODE HIOODGU DOUG Oo Conn ANGOSsaoar | 

18-19 

23, 27, 48 
21,22, 24, 

32, 49 

13, 16 
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Sandhaullierane, range and migration. -2222.222252.05-...---------- 
Sardine fish scrap, dried, analysis..........--------+-----+-+5+--- 
Scale— 

black. See Black scale. 
cottony cushion. See Cottony cushion scale. 
lone maT. LOCUS AULb oie ae = «<= aa eer cielatiniet So cleleiemis ime 
purple. See Purple scale. 

School— 
exhibits, agricultural work, suggestions................-.---- 
eR ONAPETOLATAS ye Se erate SiSa late alala a's a a = eiepoets aia\-)-/-/ara\-elarrsereiel= 

Schools— 
EMO MESFOMPOOMETOACS $50) ccc(btenc Son a sie RR ere le cyeynimnvmreraie retore 
Southern States, correlating agriculture with public-school 

MUSIC: A= Gb bcee eee core eboeeeoeme coc etme eee cee e 
Score cards, school work in agriculture...........----------------- 
Scottsbluff reclamation project farm, experiments with crops under 

AaITICATIONA 22 4 08e e552 kee pps Unie ans pemna ri ee epa acct ces 
Screwaworm-anyjuny, to live stocks: f2ess220 oe tee ARE SE. se 
Scutellista cyanea, enemy to black scale, occurrence, etc.......---- 
Sea Island cotton. See Cotton, Sea Island. 
Seed— 

alfalfa. See Alfalfa seed. 
cotton— 

mixinowdisad vantagesssseco.. se eee tes. SSE sak SS 
See also Cotton seed. 

Norway pine, yield germination, collection, etc.......-.-.---- 
selection, storage and testing, school work..............----.-- 

Seepare— 
imacatiom canals. factors atfectine: .2.-2-2 222.2 622522222 es 
losses, irrigation canals, measurements, data.............---.-- 

Seine— 
fishing, percentage of salmon catch in Alaska..-............--- 
nanledescriptionjand, operation >... -. G22 23. cco ees 
purse, description, and operations. 22a: sciseilte ee) ee 
use in salmon fishing, Pacific coast, descriptions, etc..-.....-- 

Sheep aniuEy by: fiesas iiss Sel. foi5. Set See tee Sse; 
‘“‘Shellbark” pine. See Pine, Norway. 
Slab wood, destructive distillation, yield of alcohol and acetate, 

Comparisons: with heartwood... -.:-.22meese..6 255-52 222: 
Siaemeniilizen spot testSi: 8s cece Se ou ce wl aee ons PSR 
“‘Slash” disposal in forest, fire-protection measure, management, 

Small fruits, growing on Clyde types of soil..................-.-..- 
Sodium SaaS source of nitrogen for fertilizers, amount used and 

TiAeL a a eee te Se SSS ISN AR 
Soil— 

characters, relation to crop and varietal adaptation.........-. 
moisture studies, Scottsbluff reclamation project experiment 

prommens classification; 0s... See. clocles 
structure} antiuence of humus... 2.22 yee Oe, aes 

temperature, relation to soil moisture. ...-...-.-..----.-..---- 

USLEEOTSS, ENA Sr ale pe Se eh) AN oe mS pe 
varieties, adaptation to apple growing, Massachusetts and Con- 

BICCLICUG Mes epsmiee Cink eo 2 eae Re NEUES A 
Soils— 

CG) VSISY SUK (0) 0 See pS ea ae nS SRS de eC, 
Clyde series— 

Pole tian se eee asco ie, SR Tr baie foes bn 
erop adaptations.summary =<. 2... 23/252) sealed * 
geographical distribution, map, etc..-.........-........- 

10-13 

15 
912) 

33 
27,28,30,33 
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Soils—Continued. 
Clyde series—Continued. 

eeolocicalsoripims. 24.2 = Sona 2 ee eee ee eee eee 

subsoils Mature... ete s 2st ee epee ee ee 
topostaphic relationships... .<-s8se tesco enon ee eee oe 
type -Gescrip hong. secccs% 5. seems 2. es ate eee ae ae 

placial lake deposits, lorymation....29..2. 222.32. 22-0058 eeiwoss 
Massachusetts and Connecticut with special reference to ap- 

ples and peaches 
Miami series— 

en ee ed 

i i i a a ae 

physical teatures..2. ccc ssncmes cote eee ee 
Miami types— 

descriptions, value, distribution, etc..........-.....-..... 
distribution, crop uses, and adaptations, etc 

presence:o! radium, GIScUsslom suede eae = eee een ae 
southern New England, descriptions........................-. 
stony, value for apple growing, discussion...................- 
structure, moisture retention, etc., discussion ..............-- 
suitability to peach ‘varieties.......25222-22 525 4se5-<5e- sees 
types adapted to apple varieties, Massachusetts and Con- 

NOCUCHUicction Sosce ose ais acres ga es Hee ee eee 
Sooty-mold. See Black scale. 
Sora— 

habitat, economic value, need of protection 
MMUISTATO Ms ol ee so eatpeiiea aaa een See ee eee eee 
range and! mioration <o2o05<5 cee esate cele eee 

South Carolina— 
bonds, county highway and bridge, amount, rate, term, etc., 

by COMMELes sa, eee oa cS ceo cee eed al oe eet 
Sea Island cotton industry, situation and conditions........... 

South Dakota, bonds— 
highway and bridge, amount, rate, term, etc., by counties..... 
township highway and bridge, amount, rate, term, by town- 

SHIPS eae eawida Asie semalesi as abiakc Ole ieee eee ute ae eee 
Spain— 

Cituis-irumandustey S52 ee ss ee tee ee eee ee 
citrus-iruit production and expotts)..255.- 5.0 <2Gs...ade ee 
Valencia, Ineteorological @ata...2o2s22.c- osocca iene ome see 

Splash board, value in dipping vats, note. i: $2.../4.9.000 de.22 2% 
Spotted— 

CRAKE) TANG Ort cccs cue cates Sa ccgc Senne Seer tease ee se eereras 
Tall an Os- cate cee seesaw SSSR e ene nase ee eee 

Sprayers. orchard Costs). tence a se eee eee 
Spraying apple trees, operations and cost on Wellman farm......... 
Stable fly— 

Injury to live stock.42450 52. <q... sseceninciseenmeicer facie 
outbreaks, effect om live stock, ete:..-....---..520..5:5-220-% 

Stables, painting blue, effect on flies, nove Beesla ate sctie era mate? eee 
Starters— 

cheese. See Cheese starters, 
Swiss cheesemaking, preparation with Bacillus bulgaricus..... 

State bond issues deteated:. 0.6 .ic Ase ae ee ss erence mca ese peeen 
State highway bonds ist: = o...222. -lgees etek eee eee oes 
Stomoxys calcitrans. "See Stable fly. 
Stony land, moisture conservation, discussion...........---------- 
Strawberries, growing on Clyde types of soil..............-------- 
Sugar beets. See Beets, sugar. 
Superphosphates, reversion, causes, objections, etc................ 
Swiss cheese industry in United States.....<..--selccecacececences 

See also Cheese, Swiss. 

Page. 

48 
27, 30, 33 
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iotin, | Page. 

Tankage, nitrogen content, amount used and yield...---.-..------ 150 4 
Tar— 

yield from destructive distillation of hardwoods........------- 129 15-16 
yield of hardwoods, destructive distillation, comparisons. -..- - 129 9 

Teaching agriculture, correlating with public-school subjects, 
Southern’ Staces es eens spe pe ayes ay oe yar ape A ey Sees ot 132 140 

TEESDALE, C. E., and Howarp F. Weiss, bulletin on ‘‘Tests of 
RW OOGPKESCHVALLVES: Havae sss Ses 2 sclera ’s Melarsterece cilrets ool & 145 1-20 

Tennessee, bonds, county highway and bridge, amount, rate, 
fermetes py COUNULES ©2522... 1 Meera ao Savale ccc aye 136 46, 76 

Tetranychus telarius, occurrence on citrus fruits in Mediterranean 
COUMERIOS oes ccs Secs eecve sesh sarsre ake aetna ee SE Ra Ree 134 23 

Texas— 
bonds, county and district highway and bridge, amount, rate, 47-48 

term: vete!='byicoumtles: -6 250025122) Bee see. a ee 136 { 77-78 

San Antonio, canal, lining with concrete, construction and 
(CLETUS E Coe a Care ing HS a 126 79-80 

Mompkins kine apple,. soilsisuttable. 2:0... Jae pein 2 ee ees 140 61 
Thrips, occurrence and injury to oranges in Mediterranean countries.| 134 23 
Tick, cattle— 

effect on milk production of dairy cows.................-..-- 147 1-22 
MINTY LO) CAGtlOt eke crisis Sek Pat aap ee apie cygines spe hey ts 147 1-2 
IER I ShOLy eater ers ccs Sacer tile. | Re Sear 147 1-2 

Timothy, growing— 
: 26, 29, 36, 

lide Pes/OlSOLs: seeisk 2. scien a's's idm aiuls eat tha arene pole 141 { 38 49 46 

Miamistypes oftsoil;yieldi*etes 222 Jsc 5 eae. syne Jeise 22 142 17, 22 
Tire cloths, change in quality, effect on Sea Island cotton industry.| 146 
Tobacco— 

tlverepellent tor live Stock is 255 /3/..¢ 55. s0 sles eee. osc siecle 131 8 
ee on Miami types of soil... 22222 sebse52 2 See 142 |19,40,46,49 

ands— 
Connecticut valley, character of soil, etc... ..-.-....-.... 140 40-41 
soil characters for various types..-..--.-.-.--.--.---------| 140 40-42 

Tomatoes, growing— 
Clydettypes-of sole 225 scsi. tishss ce oes Sees se so see ese 141 30, 33 
Miamistypes of-soil..:sssisssccseees hese Se bete esses te EO 142 38 

Mon-mileuse' of-term:< 22255022222 bess crn bess tee) a28es: 136 7-8 
Train oil, fly repellent for live stock, value and use........-...... 131 9, 10 
Trap fishing, percentage of salmon catch in Alaska................ 150 8 
Traps, fish, construction and operation on Pacific coast............ 150 4-6 
Truck crops, growing— 

22, 27, 30, 
33. 36-87. 

Wily Meniypes Ol SOU seis alate je ctovapeys see win epepe Meee eas tewrciones efetohe cieTaicec 141 38, 41, 42— 

43, 48 
Miamy types of soll 2: 2255s556c2s5052 55526505255 sseeese2~- 142 17, 19 

Tuna— 
California canning processes: 4s 24-4: i.2teeeee ss sees asseen 150 68-69 
canneries, waste, availability for fertilizers, discussion......... 150 68-69 
fish-serap, analysis s02 Saya eo | Lee ee i) Ms A 150 71 

Tupelo— 
acetic acid yield, destructive distillation..................-. 129 7 
alcohol yield, destructive distillation......................-..- 129 719; 12 
charcoal yield, destructive distillation..............2.--.-.... 129 9 
destructive distillation, value of alcohol and acetate yield per 

(GONG eae ens yea oo Rie Atl ASC F eka y Ayu aang aR ei 129 13, 14 
lime acetate yield, destructive distillation.................... 129 12 
tar yield, destructive distillation ®2-! v2 68 ..32u Oe). eke. 129 9 

Turkestan alfalfa seed— 
Commercial ).2 sse.2te sec se see e tessa eek eee clon eieee lee 4! 138 1-7 
production: 220509! cS SU ODI ED RR. Ga OU LS 8 138 1-2 
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Turner, W. F., T. E. Woopwarp, and CooPer Curtice£, bulletin 
on ‘The effect of the cattle tick upon the milk production 
of dairy. COWS2 tare seach 3) ee eee eee eee eee 

Turpentine, yield of Norway pine.................. : 
TURRENTINE, J. W., bulletin on “Utilization of the fish waste of 

the Pacific coast for the manufacture of fertilizer’”’......... 

Utah— 
bonds, county highway and bridge, amount, rate, term, etc., 

by COUNtMIOS aoe eae. ke ee 
concrete lines, irrigation canals, meemrement. of carrying 

capacities, etc., data.........---- 
irrigation canals, dimensions and seepage ‘measurements, data. . 
Ogden, canal, lining with concrete, construction............-- 
State highway bonds, amount, rate, teri) CC ack eee eee wae 

Vegetables, growing— 
Clyde ty pesiol Sous tei asin otece de ete eet ces come e eerie 
Miami types:otisoll s2c2s: Sac5.2.ccicc Meee ose Ase een 

VEIHMEYER, F. J., bulletin on ‘‘The mycogone diseases of mush- 
rooms and its control ie. Sas seen tn oe eee 

Vermont, bonds— 
county and district highway and bridge, amount, rate, term, 

Dy LOWS Fa shenide eters ee oe eee 
township highway and bridge, amount, rate, term, by towns. - 

Virginia— 
bond-built roads, studies in several counties.........-...----- 
bonds, county and district highway and bridge, amount, rate, 

Perm, 6bC Oy COUDLESS (225. aban enemas a wtewie tales eee 
rail, range and MISTATON cel w.+sceeeanenasas s veeeaeeeae 

Wagener apple, soils suitable. .........22.ccceosciesce woe sess send 
Wages, farm labor, western New York ..:.......-..-----seeeeees- 
WaaGcaMANn, Wm He 

bulletin on “The manufacture of acid phosphate”... 0.2.42 
bulletin on ‘‘The production of citric-soluble phosphoric acid 

and wpotash isa 3oe Pere oe ee cc SI rere ee 
Wanderineirail Tange, ..cc cs encscvesenencecicceesit ss ane seems 
Washes, fly-repellent, recelptg.....4..ceecete ese s caijencsdeciee sane 
Washington— 

bonds, county highway and bridge, amount, rate, term, etc., 
by COUNTS =. 302s ones eee aes s eas Acne ent de zeeeaaeee 

Burbank, canal, lining with concrete, construction and cost.. 
concrete-lined irrigation canals, measurements of carrying 

Ccapaelties: tenes sr ceters 65,2 nee cee os tee 
irrigation canals, dimensions and seepage measurements, data. - 
Kennewick, canal, lining with concrete, construction and 

COBUE saticia = <c,crepe a ae etoile aie a oie etoeretetars iors iers ciate err 

COBL wiscuisws Cabeee occas cee te cee Lacs tees eee ee eee 
orchard fruits, production, number trees, etc., 1899, 1909..... 
Richland, canal, lining with concrete, construction and cost... 
State highway bonds, amount, rate, term, etc.-...-....--...- 

Water rights, irrigation, price per acre, note Bfeiaieja\ats = ataialetaieretelevete tater 
Wayne clapper'rail, range... 2.4 sack sos at esden cee ues 
Weiss, Howarp F., and C. H. TEEspALg, bulletin on ‘Tests of 

wood preservatives” cules icine eee ee 
Wellman, E. H., apple orcharding, New York, costs, etc., “data. 
West Virginia, bonds, county and district highway and bridge, 

amount, rate, term, etc., by counties......5...0.s0c0.2.6. 
Whale meal, analysis LI), 27. alana areas oe ke RE Oe nie CE eee 
Whalebone:meal, analysis... 2. i220 son 2 jpeeasia s oacisletyenoancteneee 
Whaling stations, Pacific coast, location, catch of 1913, fertilizer 

OUUPUT, ClO aoe cess o's:brale cic ltve.c.cceieiere algie cers cieisie sin aici ciercia eras cle 
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Wheat—_ 
growing— 

Cliydertypessom soley 1s psc ees ee ee cet eve) daha avers 14] Ha ye 

d 24, 29, 35, 
Miami types of soil, vyaeld> etes. sete. 2. se asl 142 |; 36, 38, 39, 

47-48 
under fall irrigation, experiments at Scottsbluff reclama- 

iON TORO Ke TENN A eee oo es a onean soa. Ceased aes oneae 133 3-7 
influence of soil types in Minnesota............-----.-------- 140 42 

Wittte=throated rail range i 0. os see c ee ab alale 128 36 
Whooping crane— 

range and migration....-....--.-----+---------2-22 eee eee eee 128 4-7 
BCATCHtY. MOLE Se see eas eras cysieieicle a iis oss Mite eieialesiee acta sibs 128 5 

Wiper, Henry J., bulletin on ‘Soils of Massachusetts and Con- 
‘necticut, with especial reference to apples and peaches’’..| 140 1-73 

Wisconsin— 
bonds— 

county highway and bridge, amount, rate, term, etc., by 
counties 136 49, 80 

township highway and bridge, amount, rate, term, by 
LOW MSIM POS ete eles eteisie civevclels ays. (Us eee Mapes erate SS las 136 62 

glaciation, distribution of soil deposits, etc....--.....--------- 142 9-17 
Miami series of soils OCCUITeNCe 2 fas. eee eae aceon e 142 5 
Norway pine; annual cut; note:- 5.0... eee eee cl 139 13 

ood— 
alcohol. See Alcohol, wood. 
combustibility, effect of preservatives, tests...........-------- 145 |6, 10-11, 18 
etleet Olepreservallves, tests. .< 2. -- 2-2-2 he ce eee 145 3-20 
preservation, treatment, bibliography.......-.-.-..-----.---- 139 11 

effecivonisteeltestse scat utau ciency eee Said ig 145 | 7-8, 12, 20 
GES US epee reyn ernie yelsiaie 1slel sieieya(ate toy are laver oe = co araMmen atere) Syste pty ate sways 145 le 
(realmente Method sie see ee. Sess ee eS Nan ae 145 3 

freatedvand: painted, discoloration... .....8ss2 ce aetee aes oe 145 | 12-13, 20 
Woopwarp, T. E., W. F. Turner, and CooPer Curticz, bulletin 

on ‘The effect of the cattle tick upon the milk production 
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CONCRETE LINING AS APPLIED TO IRRIGATION 
CANALS. 

By Samuet Fortier, Chief of Irrigation Investigations. 

INTRODUCTION. 

An estimate based on the census of 1910 shows that approximately 
74,400,000 acre-feet of water is diverted annually from streams, reser- 
voirs, wells, and other sources of supply in the United States for use 
in irrigation. If this volume were spread over an area the size of 
the State of New York it would cover it to a depth of over 28 inches. 
To convey this amount of water, often from distant sources, and 
distribute it over cultivated lands require a large number of canals 
with capacities varying from several thousand second-feet to a part 
of a second-foot, or a few miner’s inches. In the United States, irri- 

gation canals are for the most part excavated in earth, and, except 
in a few cases, a large percentage of the water, estimated at 40 per 
cent of the amount takenin at the heads of the main canals, is lost 

by absorption and percolation along the routes. But allowing for 
water later recovered by lower conduits, the amount that is wholly 
lost may be reduced to 25 per cent. 

The benefits resulting from work in recent years in the lining of 
canals for preventing transmission losses have been marked. 

This publication presents in a summarized form some results of 
seepage measurements and discusses the subject of lining canals 
with concrete as one of the best known means of preventing seepage 
losses. Most of the irrigation canals in this country that have been 
lined with concrete have been examined and the good and bad fea- 
tures of each noted. Construction methods have likewise been 
studied. In brief the main object of the entire investigation has 
been to show, first, the need of an impervious lining and, second, the 

best practice to follow in construction work of this kind. 

Nore.—This bulletin treats of the subject of concrete lining for irrigation canals from the standpoints 

of economy, design, and construction. It is intended for the use of irrigation engineers and the managers 

and superintendents of irrigation systems. 

48307—Bull. 126—14 1 



2 BULLETIN 126, U. S.. DEPARTMENT OF AGRICULTURE. 

UNLINED CANALS. 

The census of 1910 showed for that year 81,837 main and lateral 
ditches, aggregating 125,591 miles in length and having a maximum 
capacity of 618,097 second-feet. Assuming that not over 4 per cent 
of the total volume of water used in irrigation was carried in pipes, 
flumes, and lined canals and deducting all channels having imper- 
vious linings, there remained over 120,000 miles of unlined irrigation 
canals in the West. 

Transmission losses in the channels considered herein may be 
grouped under the headings leakage, evaporation, and seepage. 
Cheap and faulty structures are a common cause of leakage, but such 

losses are only a small percentage of the total loss. 
A large percentage of the water used to moisten the top layer of 

soils is evaporated.t. Water flowing in an open conduit evaporates 
from the surface an amount dependent upon the temperature of 
both air and water, the velocity of the wind, and upon other factors. 
This loss, as in the case of leakage from faulty construction, is so 
small that it may be neglected without causing appreciable error. 

Evaporation data obtained from 37 different stations throughout 
the various arid States and covering the months of June, July, August, 
and September give average daily rates in inches for this period as. 
follows: Maximum, 0.34; minimum, 0.18; and mean, 0.26. For prac- 

tical purposes the loss of water from a canal through evaporation 
is a negligible quantity. 

SEEPAGE LOSSES. 

The results of measurements of seepage show that this is the most 
important source of loss from canals. 

As Table I indicates, in many cases full data are not available, 
particularly as to the character of the materials through which the 
canals are excavated. The canals measured vary widely in capacity 
and with one exception are situated in various parts of the arid regions 
of the United States. About 1,500 miles of separate canal sections are 
represented in the data collected and considering the character of mate- 
rials, erosion, age, etc., they cover a wide range of conditions. It must 
of course be recognized that with measurements taken under such 
diverse conditions and by the different methods used in collecting these 
data allowance must be made for probable inaccuracies in the results. 
It may, and probably does, happen that in cases where the amount 
of loss or gain is small, the variation may really amount to a gain 
where it is given as a loss and vice versa depending on the accuracy of 
the methods used and the care taken in making the measurements 
for a given canal. However, in collecting these data an effort was 

ee 
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CONCRETE LINING FOR IRRIGATION CANALS. 3 

made to eliminate all measurements of doubtful accuracy in so far as 
this could be determined from the records examined. 
Two methods of expressing seepage losses in canals are in com- 

mon use. One method expresses the loss in the percentage of flow 
of the canal while the other expresses the loss in 24 hours in terms 
of cubic feet per square foot of wetted area. Opinions differ as to 
the relative merits of these methods, but each has its advantages. 
The former gives one a ready grasp of the efficiency of a canal in 
a general way while the latter permits a more detailed estimate of 
the loss which may be expected from a given section of a canal 
when the conditions therein have been carefully studied. However, 
seepage losses from canals are governed by many variable and 
interdependent conditions, the combined influence of which it is 
very difficult, if not altogether impracticable, to reduce to a math- 
ematical formula. The writer is convinced that no refinement of 
calculation for estimating seepage losses in proposed canals is war- 
ranted at this time without considerable data directly applicable 
to individual conditions, and even when this is obtainable the accu- 
racy of the estimate will largely depend upon the skill as well as 
upon the experience and judgment of the estimator. 

Seepage measurements made by this office together with the greater 
part of the reliable records obtainable are combined in Table I. 



Canal and stream or locality. 

Arizona. 

ATIZONAs SOLE ARTVOIoe soa. eee pieeee a= 

Consolidated, Salt River..........-- 

California. 

Callison Slough, Tule River.......-. 

Tipton Tule 
River. 

Trrigation District, 

Hine Ditch, Tule River: ...--:-.s--. 

Vandalia Ditch, Tule River......... 

Porter Slough, Tule River........-.. 

South Tule Independent Ditch, 
Tule River. 

Modesto, Tuolumne River.......... 

D 
Turlock, Tuolumne River........-. 
Birch Lateral, Colorado River 
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3.0 24.45 
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Dimensions of 
canal. 

| Mean depth. 

th of water surface. 
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TABLE 

Length of wetted 

perimeter. 

Velocity in canal. Diversions in section. 

I.— Seepage 

Total loss in section. 

Sec.- 
> Dd & 

ha 
wn § 

LS) oF mou 

7.0 | 13.00 



CONCRETE LINING FOR IRRIGATION CANALS. 

“measurements. 

Loss per mile. 

Maxi-|Mini- 
{mum.|mum. Mean. 

Per 
cent. 

Per 
cent. 

\ 0.88 0.80] 0.84 

.48 

Per 
cent. 

aferie 6..75 

11.30) 13.60 

44.50) 45.25 

64. 00) 

9.50) 3.25) 6.33 

Loss per 
square . 
foot of | Character of material | Source of informa- Remarks 
wetted in the channel. tion. 2 
area in 

24 hours. 

Cu. feet. 

{ 0. 30 \ Berar We He ae eae coated with analmost 
32 Say Sep. No. 2, 1900.” impervious silt deposit. 

B23 | GA eae Vi hoe | Same oe (6 Ko} 5 a Do. 
SFL tee Wy ae e/a ed eh Re does Saae Do. 
| eae eas eG Rb RE | ene (6 lappa! sees Riera ( Do. 
5428 | Reseed NU Sete SRN Tce SF ae GO Manan tee Do. 

Bemieieis es yall aac Meters oes oe Report A. E. Chand- 

Sandy, weedy, and 
flat; 2 miles in em- 

_s, bankment. 
——— 

ler, O. E. S. Bul. 
119, Sep. No. 2, 
1901. 

.| Report A. E. Chand- 
ler, O. E. S. Bul. 

. No. 2, 

Report A. E. Chand- 
ler, O. E. S. Bul. 
119, Sep. No. 2, 
1901. 

Report Frank 
Adams, O. E. S. 
Bul. 158, Sep. No. 
3, 1904. 

Report Frank 
Adams, O. E. §. 
Cir. 108, 1909. 

pies Goner ss a ee 
is dors 
Report J. E. Road- 

house, O. E. S. 
Bul. 158, Sep. No. 
3, 1904. 

wie GONee kee ay 

First use in 5 years. Gopher 
and squirrel holes in chan- 
nel bed. 

Do. 

Channel through sand of the 
first river bench. 

Discharge (97.6) measured at 
headgate June 1, 1901. 

Discharge (3.7) measured 
headgate July 9, 1901. 

Measured June 12, 1901, 
the head of canal. 

Measured June 14, 1901, 

1901, 

at 

at 

at 
the head of canal. 

Measured June 27, 
the head of canal. 

at 

Measured June 14, at 
the head of canal. 

{Measured June 29, 1901, 4 
\. miles below head of canal. 
Measured June 29, 1901, at 
{ the head of a lateral. 

1901, 

Measured at head. For first 
44 miles bottom width 5 
feet, grade 8 feet per mile. 
The succeeding 4 mile bot- 
tom width 6 feet, grade 6 
feet per mile. 

See O. E. S. Bul. 158, Sep. 
No. 3, for losses in individ- 
ual portions of canal. 

Measured June 16, 1903. 

Measured June 23, 1903. 



Canal and stream or locality. 

California—Continued. 

Dahlia Lateral, Colorado River 

Dogwood Lateral, Colorado River... 

Do. 

Moore Ditch, 
Creek. 

main canal, Cache 

East Fork or Rumsey Ditch, Lateral 
of Moore Ditch. 

West Fork or Montgomery Ditch, 
Lateral of Moore Ditch. 

Hoy Ditch, Lateral of Moore Ditch - 
D 

Ditch. 

South Fork, Lateral of Moore Ditch. 
Schoolhouse, Lateral of Moore Ditch. 
Capay- Winters, Cache Creek 

Stony Creek Irrigation Co., Stony 
Creek. 

San Joaquin and Kings River, | 
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TaBLE I.—Seepage 

San Joaquin River. ime 

Kings River and Fresno, Kings 
River. 

& .s Dimensions of 
: Section measured, faster 

= = § d 
B By Sips -|a@ | 8 es 
® a, Ss = = D 3 
| =) a Boe | Cee 8 I ve 
= ae Ve Maer alt eel hate | Gis & 
5 ei Sq 3 ° ce > 5 2 
418 |) |els*ieelsi8] 4 oe s = 12, .3) 3 

2) 6 AS sj= |8 a) ee e 
Za 4 fy a |e 4 > A a 

Feet 
; per | Sec.-| Sec.- | Per 

Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
1 9.5 AD FAO aca 8 ete Seal Weck ee | erate ees |e 8.95 | 19.70 

1 6.0 D2 GOS = aA ale eerie vcr onal |S eeeterecil rere ee 5:72) 25330 

1 5.0 2158 Al sede Pee ese |S ee 2.84 | 10.00 
it 3:5 LD OTF aan | Pacis ce eae ss | aescee| eee 1.10 8.51 

y 6.0 SOHO thes Selle eee SSB eee eee || eee 4.54 | 12.40 
1 4.75 AON] eae, 2h |e el| © or arercral arencpe a eee ane 522) 4.97 

D624) 2 2 alee eee| Sees Sel ree 8.73 7.50 
\ 2} 8 

COLO Ewe see oe ee || ee ee eee 5. 36 6. 20 

T1229 |) e238 taco |e eee see [Sere 4. 26 3.80 
2 4.0 

1G Kes at] Dees Oo een! Pperersee tl reamed poe o 4 4. 62 4.00 

2GSii > eae ever e |fee a ae | rere eye | eee 20.9 16. 50 
2 4.0 

G22G 0s ales cece eae eee |e eee 1225 20. 00 
lio 3.5 { VOSA eee sale cw lt oko sheers 34.4 29. 90 
id 7 a Sines (aienae: Naim erry ee ile ge: 8.83 | 20. 00 

aL 520 BbnOs Meals eae eee ease eae 41.4- | 62.80 

1 3.0 SOLD ees alce eee ess sere eae a | See 14.58 | 41.20 
1 Ma) Oe OO.i kee alereeecters | Saatteece | ste aces | Cees noe, 4.00 
i 2.0 DAS GOES aoe aleve oe ese cee | reer 7.68 | 31.10 

il sn) a Ry (5100 iy erence pera peers ene ee eter Pare 4.60 | 27.00 
di 1.0 DOVOS Nha sole e cet al Moree Patera ties heres 4.92 | 16.40 
1 2.0 F107: (0) RO ane [eae ene HPvNeR ere Lares ores | eee 15.09 | 49.70 

1 3.0 W808) Needed ckiclecs eeele=s oop oes 36.1 45. 80) 

1) 15.5 AQT Wsxen 2s Seaoe |: Sete nee eee ted 16. 80 

ill) pale ais DSc Oe Pera sercillrcicacelleeree wrat percomas Sete ee 12.9 33. 30) 

BAY SAINT QE | eee Seee cca tcas aso Ile cyeye eel Seeger) Seer eee | ee 37.00 

20.40-| 3 16.6- Soc Bos sdcllleap ora eterna Lees | see 
\ mn { 8.20| 80 \ 

& 190- oedllac Rohe Lit eleeecle es caells eee 
\ 5.0 { 239 \ 

\ THe 9 se, tal Me ee Ronen eeaeres 39.6| 4.4 | 8.00 

1} 4.75 SOE ay. |: es Se eee | es aie ae 8.2 | 16.5 20. 50 

Ee 250 YS 6s Oe a Ui ea UN Se (EON a se ee 10.1 |! 43.4 32. 40) 

1 Farmers’ laterals foul with weeds, many gopher holes, and diversion weirs out of repair caused many 
leaks. 
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measurements—Continued. 

Loss per mile. 

| Loss per 
square 
foot of | Character of material | Source of informa- Remanice 
wetted in the channel. tion. 7 

Maxi-| Mini- area in 
mum.|mum. Mean. 24 hours. 

Per | Per'| Per 
cént. | cent. | cent. | Cu. feet. i 

(TESS NEES eae PAA aa First one-half in] Report J. E. Road- | Measured June 7, 1903. 
; ; slight cut with re- house, Or : 

mainder somewhat Bul. 158, Sep. No. 
| silted, especially in 3, 1904. 

; last 2 miles. 
LOSES aaa 4,22)..........| Lateral was in poor |.....do...............| Measured July &, 1903. 

: ; condition; deposit 
of silt inside; levees 
partially weedy. 

5 Soil varied with 
he 230 2800\02/92| soe strata of silt and | Oe ae Measured in 1903. 

=H Miata ; clay. 

\ 2.07 TECH esta eae Ne a UN Gomeaene Ju Do. 
A Report Samuel For- 

Way eo 9.40|...........{Canal in| gravelly |)" “tier O. E. S. Bul. |‘Measured July 31, 1906. 
\ creek bed. 207, 1909 

Peeneraa (Sy ainen TSO | ae e eee | apasennrNate Maser ao a). SG Ouran ene Ul Measured: Sept.8. 906% 
i ee Heavy clay loam, 
w/in sl LE a -90}..........]4 puddled by domes- . do...............| Measured Aug. 1, 1906. 

tic animals. 
ud iT OO eevee sl ee CL Obert nse). ented ud Quinney eae Measured adtllya2o 01906: 

Same section, but ; 
Be tate eI Shula ASLO see aie meh less pud- . doseeeeeeio-.45 4) Measured July 101907. 

ing. 
SE EIN en D500 |e ee as Pen Osce amen. ewe Ud Queena wee Measured! Illy oOs Lore 
TSA eS a SHO Geese ame eee nen mail | nd Oseeeeiee ea eee Meastredi sly zo; 0906s 
lee Ni aac OH 0 BERR neicnl le Soa eee 2k ed Oeeore un nee Measured Septsc, 1906: 
ASS eee nate 12.60]..........| In an open gravelly |.....do...............| Measured July 19, 1906. 

soil, apparently 
former bed of Cache 
Creek. 

Pa pe aa Seyi ewes tale aaieke LE aad Quakene ce eee Mieasired Atoll 06s 
penance S500 | Suse e ne i eee a i eS ed ORE en eee tule Measuredidtuly;o 906s 
sop eee| Aeeee OO Wes eens nls eee Le done eee wee “i Measured tye 7) 19062 

Reape eee DAs OO aera spake ee UU eased Quawae neal. anne MCASTITEGH ULL yo el Obs 
WAC | nd G340 pre cnn Pe MN hie iss | ad Qua sews Te atMiedsured:duiyv24 (19062 
a ea QAR SO |B eeee h iall yue see Ses I Oe Md oslatemaesano stl Measured. ily. 5 6l906:) 
PEE AER atl 15..30|_2 2.2...) Canal in: old creek'|....:do...2-....{522.) Measured Aug. 9, 1907. 

bed of wash gravel. 
SPS Rae ES OPE ea ee eee Clayloamias seu. 2 22a lead Oh an ments t el Measured MavAti siiiO Gul O07 

Tight diversion weirs. 
SebieH Meee 2590p ee ee area liye here CLO Lien cn seaere etl ey COM eeee ejay ses A MCASUTEGUAI Clic OO fam com 

Winters to State Farm, 
Davis. 

Pepa a el) NN BeAD ene casece eee COnteeem es ke soe lseceed Oeisntieeesacceea| Measured) in 19072) = lowing 
about 100 second-feet at 
upper end of section; canal 
designed to carry 8 times 
this capacity. 

SSCO lel OG Nise S0la sas sisecnel cic © COW ee ee as aa CONS S ise Be 

Report Frank 
sb eeos apes AD eee ee eee cieete Sena cen CA ams: Os JH ios)|»Measuredian L908: 

Cir. 108, 1911. 
Report C. E. Grun- 

Sea neles Light sandy loam.... sey ‘s Be oe fe Measured in 1882. 

Paper No. 18, 1898. 
peal. 01 309 Indurated clay hard- y ; 

SHR Eee pan below surface BAG LO} ies pees rE Do. 
soil. 

Pes aga as Lard pani ease ses lo miane toe ree al Do. 

2 Average, 4.06. 3 Average, 40.8. 
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TABLE I.—WSeepage 

1 Gain. 

B : Dimensions of 
= Section measured. canes 

: hy ra co g g = Ss ig 

Canal and stream or locality. = 5 Eu core espe a B 
ae = ert iors el ee A 

S 2d a | Ss | | oa A a 
on ‘ os} § o e 4 Bb ° 4 

og Ieee Slaplse]| 2] 3 AS 
g bo S fst) ae wa | 8 3 = 
5 8 & s(s 5 3s | & 5 
a) fy Se 1s Ss | A & 

Feet 
California—Continued. per | Sec.-| Sec.- | Per 

a Miles. | Sec.-ft. | Ft. | Feet. | Feet.| sec. | feet. | feet. | cent. 

Rresno;, Koings River. oe. as2- 2-225 1} 4.0 GON eae ale cecal eee fences 28.0) | 7328 6. 30 

WOeeA ceeaaactoe tae acest 1 1) ALSO il eet pee ore se | pee eee 73.5 5,2 B70) 

c DOMsea see eee Se Ty} da 25 B8lK0) seen cl eeeeec | poemealecesse 146.4 | 95.5 | 25.00 
enterville and Kingsburg, Kings oe \ {r= iS 71a) es OS ieee eae ee 26.7 | 52.3 | 20.80 

DORescseh tbat ess as be eertedasse 1 5.0 S46057" wera bee ealeaee eet cecee 9.1 | 85.9 | 24.80 

Smialliditches c.csccceeensiceccsen- Lo Pa a Ue ee erent eect (eeraeaecy esc 1.42 | 59.00 

ID OS a8 targa ootee akc Gee ett 1 -5 SOUS sears |Mec ee Saecee aces pene -79 | 44.00 

Lateral of Fresno Canal..........-.- 1) 4.0 ONG: Mees. a eaes eee coon oe | Meee 4.38 | 78.20 

Kern County, Kern River..........}.... Generales. c2 282. seca alsa ees aos ae| Shenk -|aaecec| See eee 

Colorado. 

Grand, Grand River..............-- TN Agel Ba peO lee ais sea ected cose: 86.1 | 19.60 | 12.84 

ID) 0 Beene poe os eels elaine ee stisieleia il 2.25 26055. 5 4s aiec.2 saree alle ere earel| ere score 11.3 8.70 3.34 

High line, Grand River............- 1} 5.0 1395671 Seeesloes sacl eensa| seems 18.1} 5.05 | 3.62 

DD) OP nee ea aaes Se eeeisce rece een 1 1,25 EGE! Ulescreciell Srarccoe «! omar sree rere 8.55 .94 81 

WD Osa ae owe ee cemite noes fees 1) 6275 TOGHOS Ewer: |e aaa | Beets) Sacer 34.31} 1.48] 1.38) 

1D) OL eaeee is cease eisai tecee if 4.75 ONG Sea te fes eral es craters | et earal| eee 20. 82) 12.9 8. 64 

1B 0 ee eee SE eee Srnec Aca ih 3.5 DOr QO). Wesesciltereree er |lere teretare fepee sree 12. 42 .99 IESCAEA 
Lake, Arkansas River..........---- 1} 16.0 AD OA ee teers | acces | Sia areyete | eecierarars 249.4 | 35.6 7. 80 

e 

Pleasant Valley and Lake, Cache la Le e380 QO ears o alimtetcerval va seers | eiereree .16) 4.70 | 21.30 
Poudre. 

HE) Opes oe ace ke eae ee ee di ates 5 APS tal ese ares bores .69} 5.90 | 34.2 
1B) Oe eae 4 eee a cc 8 Da a a 1 . 82 HEAT) | ae, 5 42) ararkarell Sineratas||(Seisateel wearin 88 | 12.3 

UD Oe ee ee een ES en ce 1 72 68208 eal as be seealios tee 4 NORE . 64 | 10.2 
IDO A et ae 1 eRe 1 . 30 Go ALP Hescrsicpel|iisio atere!| Sarevatetal|eraoretctal| rawitete 1.87 | 29.3 

LD) Oe en eee eran sere 1 2. 55 ge De ees (a: ree el aes oe Bee 6.19) 1 4.50 |133.5 

ID Gia ceee eeeen sacha ken senate 1} 2.64 135023) Resco | eee | eames eee ee 2,82|- .25 | - 1.92 
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measurements—Continued. 

Loss per mile. 

Loss per 
square ; 
foo tof | Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum.|/mum. Mean. 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet 

Natural channel; 
Shae see ground water 4 to 

2.20] 0.53) 1.43 10 feet. 
Bee Aes aye avec Oma cee 

par sau a as COs ee seh 
6.0 Porous soil and sub- 

20.80] 4.50 peso ‘ yl eae ge GhOW eases OVERS oES Sree ee 

Rete re aan cial 59.00} 1.2-6.4 | Sandy loam 5 to 8 
feet deep. 

SOER Se eee 88.00] 1.2-6.4 Sandy loam with 
ground water at 8 
feet below surface. 

ara A yes LONSO MC Q=GE Au Eee Sele De 

SOS Gcsl EEE al eee 39=25 GO| emeae lycra eres enn 

Besa tier 1 .60)..........| Heavy clay; allearth 

Sab el eee 1.49). ...:.....) In shale hills. ..522.. 

SUS LIN a A ote ae eee eae TM APE eR | alae ais 

Bee SA Le RGD Mek Ee hee siiln eee CL Oh Stats sie taees 

Stee eee Ss apo aS en) | ce tad O KO ga ps ae 

peer iT at SHUI re eater | bee te LO ey sama cad 

ets L(A SU Ee eSias SER ISS ECO Og era Buchan alts 
LadSanlsaatee 40 Beeseeeee | oandysloanmes ha. ak 

SeASae Rees 16. 40)..........| Gravelly and sandy; 
near river. 

Sesetel Mace PA aS ACES a eyesehh ees | ee a 0K 0 Yat a ts tg 
disoseleeeune TSO0 Ree ease Siratified slope: rocks 

ineine 
ape pera Reet It He EE) st kta EN Far LIE Va Yate cui eee 
SSG S| RSE Re raeLa [eaeneeaese make OnE: outer side 

ridge near junction 
of earth and rock. 

SSH BS Nae DTS 20 ees Wye tere era yl [a ayah shennan tS SNS) 

EN ara anal . 73)....-.----| Somewhat gravelly .. 

Source of informa- 
tion. 

Report C. E. Gr 
sky, U. S. G. 
Water-Suppl 
Paper No. 18, 189 

he Eo ates Fic a 

ees (Oko iy ee 

Bele so ese a ne Paine len 

INES Bul. 48, Colo. 
Expt. Sta. 1898. 

Report C. E. ae 
sky, U. S. G. 
Water - Supply 
Paper No. 18, 1898; 
also Bul. 48, Colo. 
Expt. Sta., 1898. 

Reports P. Stover, 
. E.S. Bul. 119, 

Sen No. 3, 1901. 

Report L. G. Car- 
penter, Bul. 48, 
Colo. Expt. Sta. 
1898. 

So baein 

— SSS 

Remarks. 

Measured in 1882. Artificial 
channel of uniform dimen- 
sions. 

Measured in 1882. Surface 
soil and subsoils saturated. 

Measured in 1882. 

Do. 

\ Do. 

Measured June 14, 1882, on 
Gould ranch ‘north’ of 
Fresno. Average width, 3 
feet; shade trees along por- 
tion of ditch, and banks 
overgrown with grass; weir 
used. 

Measured June 21, 1882. 
Lateral of main ” supply 
canal; about 2 feet wide; 
weir used. 

Measured June 26, 1882. Di- 
verts water from Fresno 
Canal at point 4 miles east 
of Fresno. Average width, 
8 feet. 

31 diversions in this length. 
Increase thought to come 
from irrigated lands west 
of Palisade.2 

At numerous places small 
trickling streams could be 
seen issuing from canal 
bank.2 

Water section entirely in ex- 
cavation; considerable side- 
hill. 

Same as foregoing but mostly 
along sidehill. 

Comparatively level cross 
slopes. 

Comparatively level cross 
slopes; in excellent condi- 
tion. 

Receives heavily laden silt 
waters, flood time only. 
Canal follows river for 11 
miles. 

Some land irrigated above 
ditch from Dixon Canyon. 

Some land irrigated above 
ditch from Spring Canyon. 

2 Combining these two measurements shows gain greater than loss. 
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Section measured. 
Dimensions of 

TaBLE I.—WSeepage 

8 canal. ; 
| | : 
o Sa iS a 
5 i i Z a = 2S 
a & s |3 $s 2 3 

Canal and stream or locality. I 3 ..[e = 2 BI g a : 
oa =e a es rs) Pa o & Dn ieee 

= ; ae Pines |S aces sabes g 
oa a a ro =| a‘e as} = iS} 
2 re gaa|ses] 3 Z Sat 
Ba) ee z iif | een Sle 3 
3 h ae o | i) Aa 3S 
z/ a | & Bee Wet ee ne & 

| Feet 
per | Sec.-| Sec.- | Per 

Colorado—Continued. Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 

90.5 ONSSRZ0R7: |oeocsellseaie ee 64.3 5.3 5.90 

North farm lateral of Rio Grande |\ 4} 9 9 
Canal, Rio Grande. f 

199315) 5 Ph20 02650) eeecee beeen 156.5 | 12.5 6. 30) 

Lateral 1C, Rio Grande............. 1) 5 18.8 F772), VOHOM se 22 28|5 5 cel ee 12.38 112.70 

Isiee eases mia dae wets we cis. oeseke 1; 3.0 29.70 
Prairiewhi0 Grande... -2.22-os.ce.0 1} 3.5 1 3.90 

HD Ge Sone ae ee ee ee 1}. 15 5.07 
ID) Orie oseee ok ae a ty Sete 1} 4.0 19,97 
Ot s siecn bits etadacacaee ube) a), Wao 6. 08 

Blackmore, Rio Grande............ 1 2.08 31. 20 
Empire, Rio Grande................ 1) 65.0 112. 30 
Lateral 1F, Rio Grande............. 1 4.0 13.00 

HD) Oitapy RE ee ee Ae ts Se 1 1.0 Sait aeerelllarevere | sed Sera asia 2.22 )11,24 |114.00! 

Lateral of North Poudre Land & 4.0 BAO oe al epee |sseisic 4 | 'armateree anaes -80 | 20.90 
Canal Co., South Platte River. 

Idaho. 

South Side Twin Falls,Snake River.}| 1) 8.0 S009 | i seeioe | edimaie| Semmens Seee ees | wets 64.0 7.10 

Lateral of South Side Twin Falls,| 1) 2.+ CHE gg Re Der PRnmnie) aera apt A 25 | 4.95 
Snake River. 

C0 PA CS ee a Sarno ee ee il LO) 248. Satea| cscs |e nseealssesee |eeeeee 5.6 22. 60 

Howell & Swendson, Lost River.... 1 4.0 C35 ar geese (eet | MOR el PO UE on ok lea 25.00 

Frank Uehren, Lost River.......... 1 “ ADS Gin revere sill Steere evecare | eeerecetaral| comets so, |p 19:00 
Bradshaw, Lost River.............. 1 3.0 Ea oererces | ev reae eee eye le oceans Cre eee 2.8 | 51.00 
Davidson, Lost River............... 1) 12.0 eA Eset ve ea calle eee [Eo wine ie, See 4.6 | 62.00 

Mower, Warm Spring Creek........ i 3.0 ga eee Roane | pene [ee he -8 | 20.00 
Sharpe Nos IS Nosh River..2. 222... 1 1.0 pRS eee Peers eee er ree | aeesne, 1.0 5.30 
West side (No. 22), Lost River...... I 388 ESET Ay | cre vere hs Sere era Pearl | eo eee | 2.7 | 14.50 
Upper Harger (part of No. 23), Lost 1} 4.0 Lass al eee Sree cl beremerme | At ee 1.7 | 29.30 

River. 

ABD OSes asec os ets NR Seas 1 1.0 450 Wi letae la eede a eeacen samane laemece 1.0 25. 00 
Lower Harger (part of No. 23), Lost Li 0 ET PO ie 5.crs)| ee ieee eeemerel atemeron| emeperate 3.6 | 30.00 
i 

Se enced See ARES 1) «3.0 Sal ell eee ate Sees | eee eyes |e ale 8. 00 
Cater of Upper Harger, Lost River it} “ta: SO.) || eexcooralltpeteraeee | eee eereretere |eeeeete 2 8. 00 

DeEAGY (No. 24), Lost River....... 1 =25 G89 Ul sees bee teellgeees booked cosas -35 | 5.00 
Sees ie aa Stereos See ta eaes 1 4.0 (Git Jah Paes, Seed FR nea «|| Sa Se ee eee 35. 00 

iene Keogh, Raft River........... 1 1S PBA sia mel ee epee emer asm meee .66 | 13.90 

NI OE Sica, See at 2 oe or PE att a 1 120) Ase \le goalie ee tile ate ail. or. he a pee 14 3.40) 

1 Gain. 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

It 

1897. 

Tn- 

1897. 

Aver- 

High 

Loss per mile. 

Loss per 

Teot of Chi f material} S f inf oot 0 aracter of materia ource of informa- 
wetted in the channel. tion. Remarks. 

Maxi-| Mini- area in 
mum.|mum. Mea 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. 

Report L. G. Car- fagividual measurements 
: enter, Bul. 48, show variations of 8.47 per 

seocos}oo5b05 0.65 0.51) Gravelly soil......... olo. Expt. Sta.,| cent gain to 8.95 per cent 
1898. loss. 

Ineividual measurer onus 
show variations of 8.77 per 

opbacnloocecr -70 73). 2-2-0... 0202-22222 222)--2--dO. 2-22-2222 22-- cent gain to 12.18 per cent 
Oss. 

ease laces B20 430 | se pee asa eee eae te naan ce cc <a be OMS iceine ae sacl Mi MICASILTOdaiwATT Os 2: 
Lateral of Rio Grande 
Canal system. 

; Measured July 13, 1897.2 
: Do.2 
i Measured July 14, 1897.2 
- 08) Do. 2 
ue Measured June 17, 1897. 
: Measured June 11, 1897. 

Soe sas Aoeeee O25 BE eee ile ware selene nek oe ane ss 2] eee Onaresciene- eet Measured Ati gd 1807, 
dividual measurements 
show variations of 5.07 to 
0.24 per cent per mile. 

eases Pa etess 8 ASVAN OO Bienes se bia | sttiele ale naitecisemticelse coches te QOmqeimeeatas2-| Measured! © Atpan 4! 
Lateral 1F part of Rio 
Grande Canal system. 

Lae ReE Seo uee 5.23)..........| Mostly clay..........].....do..............| Measured 1893-1894. 
age for two seasons’ con- 
secutive run. 

Wein |er res ~89)_.........| Deep/soil............| Report H. G: Rasch- 
bacher, O. E. S. 
Cir. 65, 1905. 

See sok AT Peeerer see Slt asst eee see eee OC OMe rae aes se ae | lUisualorades 

EP yet Riese 22560 |Reesese o | eas-eace cesses ees secee UOneee eee a2|( Doublesusuallserades 
velocity prevented silting. 
This measurement and pre- 
ceding on different laterals. 

ceSeee eee 6.25|......-..-| Gravel...............| Report A. E.Wright,| Grade excessive. 
O. E. S. Cir. 58, 
1903. 

osederllecoore SEE (0 oo oeaes baa| Seco OK) Se abe Sespe oer adea OOS Guess seaneee 
ET a 00 eee sleet Our see |pt eed One seme sen Gradexvenyaexcessive: 
Bereta pees 5620 eee nee stig Oneeein nen cree ele On men a= oea- || Grade moderates loss most- 

i ly in first mile. 
Sects Se eee GE SO (Pees sella erisiet ee aeei asene 2 case nC Oneehe eo 2/31 rAadelexcessives 
aii | cera GSO] AG ete ese (Tere Secrest cre aera Ae neg (0 KO) ns ris ae Do. 
Soest leeeeee CES) bE BGS CAS |r ee nee ee add (er en (0) Wes Aya ba le 
{oes on| eee (3.0 [Eye ete era [steps epeltemenee a esl aa Oe aeeetve es ec Carmvinoyonivyrone-tourtnnca= 

pacity; even grade and 
good alignment. 

3 ee ea 28¥ (00) Geaaeao oad bookeoaerse ted Ace ee AA ESO Omics aa Aenea 0. 
See s6| KeRoee BOMOO Ree ee aai-s|saseie eieiseeines eels lee eC Oseee eee neee oiyEvennorade)| and: soodsalign= 

ment. 
SOBRE | REBRee DEGG Rares eravoee | Siecle State ei erate ea a ecu Oyen as esc. Do. 
See allies acai 8100 Reema steel eae tere sae eee os hnOOneeenee seen al (Grade) very, Steep channel 

badly eroded in places. 
cee eed eBeEe OX). (0 a Bs oes cee DB aSereaaereoL een aee PSG KO) 5 ie eae ese ae 
dg soa | aaemee Chil Sareea Ga Des Ade Hee OE CEE SSE paee bare rarete eam ne en meta 
iS ea haa ee 13590|2255-4--.-|| Very sandy..5_.._...| Reportswi. F. ‘Bart- 

lett, O. E. S. Bul. 
158, Sep. No. 4, 
1904. 

eA reer ct 3.40}........--| Lined with soft, fine 
mud about 0.3 foot 
deep. 

2 Measurements taken on abutting sections and given in order. 
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TaBLE I.—Seepage 

g ; Dimensions of 
5 Section measured. Srl ; 

E gs) g 
: : § ay S s.. | & a ® 
Canal and stream or locality. q 3 - B.| Oe § q va 

: a gS | FS mae S| S ot Slesise| 8 % ea 
b ‘ ae a aoe = es fe es az 
2| 4 Slee lee le |e x 
cee) z Ao ) Perla lee 3 
5 AS) ® | yt 5 ic a } aN, 5a & A> ee ee ee a 

Feet 
Idaho—Continued. per | Sec.-| Sec.- | Per 

Miles. | Sec.-ft. | Ft. | Feet.) Feet.| sec. | feet. | feet. | cent. 

972 SAO. LO2 ES ee ee een e lane 91.7} 9.4 
South Side Twin Falls, main canal, \ a} 7.79 ; i 02:8 ; : 

Snake River. ay 4 
1, 691 PaO Gaacemee | eee ee 13 194.7} 11.50 

ID Osteo sa acer eet ase ees 1 Dae eee SOE oe | ee ea | beer n| tba tage alate! 51.0} 5.71 

WD ORME AL He ans Sasi te senses 1) 11.98 839.4 Dee O21 00| tena Gea os 53.7 101.5} 12.10 

LD) Oeste eee ery eee 1 8.07 | 1,448 655 | 96h ae aes ie 14.49} 121 8.36 

I) Olean" eye Bre aye ae ae eee 1 6.32 | 1,312 GiGi 96r451 salen < 137 93.9) 7.15 

Ose temic oa say scoce ames oecseee 1 5.35 | 2,737 7.53}104.0 |110.5 3 4oleeeeae 93.0) 3.40 

DOF eins See oer een oeeee sa ueee 1 6.070) 2,798.0 7.72{107.3 114.30) Brsal see see 30.4} 1.10 

WD Oss ace te oe see eens teed 1 2.650) 2,857.0 Tolo)lO7: 5 \11420)| 8242) 22528 27.0 95 

LOL ae ee RS eo ee i eee 2.08450 is | eanes| Soaeealeu es | eae ale ees 54.0) 1.80 

TT) OB Bicrets Rese ee ens ez erie ee 1 5.050) 3; 097.0 8. 09/118.:0 |128.0.|.3:16)....-. 148.0} 4.80 

1) eereys oe ee eee ai ee zeae 1 3.350! 3,192.0 8.001123.0 |129.0 |} 3.16)...... 167.0} 5.20 

South Side Twin Falls, low line, 1 6.40 SASL MliaaG: | p4eso|seccee em aac 37.1 34.8] 10.10 
Snake River. 

D028) aero t en 8 oe een ae Aa ae 1 9. 61 332. 2 Dyer | NO eee Nae emer 147.6 50.7] 15.30 

1D OO noted aot eee ee 1 6. 24 133.9 Loa ae |e erates ate 77.2 22.4! 16.70 
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measurements—Continued. 

13 

Loss per mile. 

Loss per 
square : 
foot of | Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum.|mum. Mean. 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. Jeet. 

Soil deep and slight- 
Se as 1.21 1.88 lysandy. Numer- 

ous rock cuts. 

Ae Ail ae ahs SS 1.48 BuGOr se ae Opeee es nae 

Hap SBalGaeaen| PaBeae .15 | Bottom becoming 
silted. 

aS NA te 1.01 1.50 | Mostly soil; few rock 
cuts. 

Maes ee 1.03 2.54 | Mostly soil; few rock 
cuts near lower 
end. 

So Anelesaaes 1.13 DGS Uh Pa Sig he See Eee 

Soe er ere . 60 2.56 | Deep uniform clay 
loam. 

ee ee ee ees 20 BP An ARO OneH at CoE eBeae 

naan ase . 40 TAG Hees SO Osseo siase cee 

Saoe eels eae CBB seS| Pees see Serae (0 Voy Seana iors mene 

Bes ees ane 2 90 3.905) Deep uniform clay 
loam with some 
rock cuts. 

eleciat SS pee ; 1.60 6.338] Uniform clay loam 
with numerous 
rock cuts. 

pe raver We ahs 1. 580 1.62 | Heavier than along 
main canal. Some 
rock cuts. 

Cy al Pee 1. 590 LEGS Ale ck One eesy cnn se 

Ue cree ae 2. 680 TSAR MON 5s pg Secs 

Source of informa- 
tion. Remarks. 

Report Elias Nelson, 
Idaho Expt. Sta. 
Bul. 58, May, 1907. 

PES CAEA(G Ka eS St tata 

Report D. H. Bark, 
9th Biennial Re- 
port State Eng. 
Idaho, 1911-12. 

Report Elias Nelson, 
Idaho Expt. Sta. 
Bul. 58, May, 1907. 

to Dry Creek Reservoir. 

{Measured Aug. 6, 1906, Milner 
\. to Dry Creek Reservoir. 
Measured June 11, 1906, Dry 

Creek Reservoir only. 
Measured June 12, 1906, Dry 

Creek Reservoir to within 
34 miles of end of canal. 

Measured Aug. 6, 1906. In- 
cludes upper 8.07 miles of 

eae June 9, 1906, Milner 

preceding measurement; 
Dry Creek Reservoir to 
spillway. 

Measured Aug. 8, 1906, spill- 
way to near end of canal. 
Backwater condition in 
lower end of.section. 

Measured July 20, 1912; from 
Low Line Canal to point 
5.35 miles above. Good 
lower bank; comparatively 
clean uniform cross section 
and grade; used 7 years. 

Measured July 18, 1912, from 
“The Point” to 2.7 miles 
below Dry Creek Reser- 
voir. Good lower bank; 
clean uniform cross section; 
used 7 years. 

Measured July 18, 1912, the 
first 2.65 miles below Dry 
Creek Reservoir. Good 
lower bank; clean uniform 
cross section; used 7 years. 

Measured July 15, 1912; Dry 
Creek Reservoir only. 

Measured July 15, 1912. Up- 
per end of section is 34 
miles below Milner. Banks 
somewhat eroded; upper 
bank gone in places; nu- 
merous pools above upper 
bank; used 7 years. 

Measured July 14, 1912. Up- 
per end of section is at Mil- 
ner wagon bridge. Banks 
badly eroded; numerous 
pools above upper bank; 
no surface indication of 
seepage; used 7 years. 

Measured June 15, 1907, sta- 
tions 359 to 697. Waste wa- 
ter (6.8 second-feet) in ad- 
dition to inflow; first used 
June, 1905. 

Measured June 18, 1907, sta- 
tions 697 to 12044. First 
used, upper part, June, 
1905; lower part, April, 
1906. 

Measured June 19, 1907, sta- 
tions 697 to 1534. 
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TABLE I.—-Seepage 

Canal and stream or locality. 

Section measured. 
Dimensions of 

Number of measurements. 

perimeter. 

Diversions in section. 

Idaho—Continued. 

South Side Twin Falls, high line 
Snake River. 

South Side Twin Falls, farm lateral, 
Snake River. 

canal. 

m m 3 

5 . Patch Nace 
ee 3 | F 

se |e /|8/% 
a 2 s-| 2] 2 
bo : a (3° | & 
A é Ha HAS: 5 
o = i= o 

4 ey = - a} 

| 

Miles. | Sec.-ft. | Ft. | Feet.| Feet. 
12. 68 226.5 29 AS: O1 lez oea| esse 

16.94 177.9 SA 0) fc hea | ape | ae 

11.8 92.1 

2. 180 759. 6 

2. 260 783.0 

2. 140 788.4 

2. 060 832. 0 

2.940 877.0 

490 073 

| 
-700| «205 

714 Rey 

740 545 

1 Gain, 

4.94) 53.5) 57.00 

5. O07 (oj 

5.48) 53.0} 58.90 

5.55] 57.0) 62. 60 

5.31] 60.0} 64. 80 

-13 29) 1.05 

-14, 1.4) 1.51 

-32) 1.5) 1.87 

28} 1.0) 1.35 

= = Velocity in canal. 
~~ 

sd 

. 

6.7) 61. 40 

Total loss in section. 

Sec.- | Per 
feet. | cent. 
35.2 | 15.50 

44.4 | 25.00 

16.8 | 18.20 

14,01 1, 53 

112.68) 11.61 

4 

DL eles | 

20.9) 2.38 

- 017) 23.30 

- 040) 19. 50 

- 068; 12. 70 

- 070) 12. 80 
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measurements—Continued. 

CANALS. 15 

Loss per mile. 

Loss per 
square 
foot of | Character of material | Source of informa- 

A wetted in the channel. tion. 
Maxi-| Mini- Mean.| .27e2 in 
mum.)mum. ‘| 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. 
Si aaeise SE 1. 220 0.93 | Some gravel and | Report Elias Nelson, 

some white lime. Idaho Expt. Sta. 
See reference. Bul. 58, May, 1907. 

socon| Rae 1. 470 OSE estas heehee.) 1s ost | te Oman wey sae eee 

Ayah is ve eee 1. 540 SO h | rynieiciarate clans eis wis i= ore oso] Ca OO meio ean Ns er 

pea sae | Noms 1,24 1.53] Compact gravelfor 4} Report D. H. Bark, 
mile on either side 9th Biennial Re- 
of McMullin Creek; port State Eng. 
compact clay loam Idaho, 1911-12. 
in other places. 

uh el ee 76 1292]kCompacts a oriavieil.|s 91 sdosena eee ees 
mixed with dense 
clay loam not so 
gravelly as preced- 
ing section. 

ine eee 1,75 11.65] Compact gravel and |.....do...........-.. 
clay loam, mixed 
with gravel. 

ere etapleta 65) 14 sDeep uniform: clays |ss2s200neeee seeee ee 
loam. 

eA | ee 81 PO |i srat SO iesens mci eee a Ce ee LO res een crue 

25 es [RE 48.00 56leMedinmiclayeloam), ||. 90 0s seats ee 
some surface rock 
on top of ground. 

.| 28.30 .63] Deep medium clay |..... Op sara ne eis 
loam. 

25) Sos Ae 17.80 .83} Medium clay loam, |.....do..........1... 
hardpan near sur- 
face. 

Sona aaaee 17.40 s15| Deep remediuminclay:||f22 doresesass tone 
loam. 

Remarks. 

Measured July 2, 1907, from 
end of main canal to Cot- 
tonwood Creek. 

Measured July 3, 1907, Cot- 
wood Creek to Cedar draw. 
First season. 

Measured July 6, 1907, Cedar 
draw to near end of canal. 
First season. 

Measured July 26, 1912, from 
1 mile above McMullin 
Creek to Cottonwood 
flume. Banks solid; uni- 
form grade and cross sec- 
tion; porous irrigated land 
above; used 7 years. 

Measured July 26, 1912, from 
14 miles below Rock Creek 
to 1 mile above McMullin 
Creek. Banks solid and 
well above water line; uni- 
form grade and cross sec- 
tion; used 7 years. 

Measured July 26, 1912, from 
4 mile above to 13 miles be- 
low Rock Creek crossing. 
Banks very solid and well 
made, uniform grade and 
cross section; porous irri- 
gated land above; used 7 
years. 

Measured July 25, 1912, from 
station 180+30 to within 
4 mile of Rock Creek cross- 
ing. Banks well above 
water line; uniform grade 
and clean uniform cross 
section; used 7 vears. 

Measured July 26, 1912, from 
4 mile below Low Line 
Canal to station 180+30. 
Banks well above water 
line; uniform grade and 
clean uniform cross section; 
used 7 years. 

Measured Sept. 10, 1912, 1 
mile south of Twin Falls. 
Banks irregular; some grass 
and weeds; used 5 years. 

Measured Sept. 14, 1912, 4 
miles northwest of Twin 
Falls. Irregular cross sec- 
tion; badly eroded; some 
grass and weeds; used 4 
years. 

Measured Sept. 11, 1912, 7 
miles southwest of Twin 
Falls. Irregular cross sec- 
tion; banks eroded; sweet 
clover in lower half of 
ditch section. 

Measured Sept. 13, 1912, 2 
miles northeast of Filer. 
Sodded banks; moss in 
water; uniform cross sec- 
tion; water in ditch above 
normal surface of ground; 
used 4 years, 
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TaBLE I.—Scepage 

Canal and stream or locality. 

Idaho—Continued. 

South Side Twin Falls, farm lateral, | 
Snake River. 

River. 

Lateral of Burgess Canal, Snake 
River. 

| Number of measurements. 

fs Dimensions of 
Section measured. AAD 

§ g 
(ay s 3), a n o 

b=} , B.| es cS) q pa 
; gel 9 | Fs -_ I 

eS | Blsalse] = | g g : oe 8 |e | ae | ele g 
3 e San |so a He = 

4 fy a |= 4 > a 'S 

Feet 
per | Sec.-| Sec.- | Per 

Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
0. 528 0. 802) 0. 22 OSes ek (3) sees 0. 126) 15. 70) 

. 422 eGo). 2a Web|) Wai 2) 2532) soe - 030} 3.60 

573 871) .28 1.3) 1.62) 2.35).... <2 -045) 5.20 

- 480 12, . 29 1.8) 2.11) 2.04)...... 104; 9.30 

. 945 2.03 | .34|- 2.4) 2.82) 2.31!...... - 265) 13. 10 

. 659 2.22 |-.38) 2.4). 2.83) 2.40)..2..: -055) 2. 50 

2. 612 14.71 s6a) LL 2500)" 183) 2ecea2 3.48 | 23. 60) 

1.936 24.05 | .81) 20.4) 21.38, 1.30)...... 5.00 | 20. 80 

- 662 1.91 -86) 3.0) 4.05 pay eee 37 | 19.40 

- 498 5s45 | O2! © =3859)) 1bs53) 1539) Sec. -96 | 17.70 

- 584 6.15 | .92 4.6] 5.83} 1.34)...... . 46 7. 50 

- 520 8.94] .83} 7.5) 8.03) 1.36/...... .85) 9.50 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

17 

Remarks. 

Loss per mile. 

Loss per 
square : s 
foot of | Character of material | Source of informa- 
wetted in the channel. tion. 

Maxi-| Mini- area in 
mum.|mum.|“!€@"-| 94 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. ; 
SS EnEE Erere 29.80 1.84] Medium clay loam... 

9th Biennial Re- 
port State Eng. 
daho, 1911-12. 

Beara les ee 8.50 $68 [ees cO Oo cts -cinsiccce ss] eased Oneuecusae cea 

tol Eas eee 8.90 .79] Deep medium clay |.....do.........-.-.- 
loam. 

Soil 8) ae 19.20 1.68} Rather porous clay |.....do...........--- 
loam, hardpan at 3 
feet. 

BORNE 13 13.80 1563|sDeep “uniform: clay, | ..-.d0z2-2--s4seeeee 
loam, hardpan at 2 
to 24 feet. 

fee e6H| Geneee 3.80 .49} Medium clay loam, |.....do...........-.- 
hardpan at 2 feet. 

Bete ee |e Sess 9.00 1.81) Deep uniform sandy |.....do........-..-.- 
loam, 

2 pve eae 10.70 198) ;Sandyloamls ge 22nd Oa erase 

gagae el eeeeee 29.30 2.23) Gravelly, sandy loam}.....do.......-.-.... 

Ae eOta Seneee 35. 40 5.69} Very gravelly and |...-.do.............. 
porous, 

So in| Bo sne 12.70 2IZIVeLY, gTavellyfess-j-2-|-2 202 OOn sce ec gee sees 

Praag leeecies 18.20) 3:00} Medium) gravelly | Sis) 055 -tdoe. 22. Sense. 

48307°—Bull. 126—14——2 

Report D. H. Bark, | Measured Sept. 13, 1912, 4 
miles southeast of Twin 
Falls. Regular cross sec- 
tion; somewhat eroded; no 
weeds; used 5 years. 

Measured Sept. 12, 1912, 74 
miles southwest of Twin 
Falls. Clean clover sod on 
banks; uniform cross sec- 
tion; used 3 years. 

Measured Sept. 9, 1912, 2 
miles west of Filer. Clean 
uniform cross section; used 
4 years. 
Measured Sept. 12, 1912, 7 
miles southwest of Twin 
Falls. Uneven cross sec- 
tion; much moss; water 
near top of bank; used 4 
years. 

Measured Sept. 14, 1912, 64 
miles southwest of Twin 
Falls. Uniform cross sec- 
tion; 1,000 feet new dike; 
used 5 years. 

Measured Sept. 11, 1912, 6 
miles southwest of Twin 
Falls. Upper part fairly 
uniform cross section; lower 
part somewhat irregular, 
with weeds; used 5 years. 

Measured June 6, 1912, 2 
miles east of Wendell. 
Carrying only halfcapacity; 
clean uniform cross sec- 
ion; used 4 years. 

Measured June 6, 1912, 1 
mile south of Wendell. 
Clean uniform cross sec- 
tion; no erosion; carrying 
only one-fourth capacity; 
used 3 years. 
Measured Aug. 26, 1912, 5 
miles southwest of Rigby. 
Partly in dike; fairly uni- 
form cross section; alfalfa, 
moss and sweet clover 
growing in channel; used 5 
years. 

Measured Aug. 25, 1912, 4 
miles southwest of Rigby. 
Uniform cross section; 
heavy growth of weeds and 
moss in channel; low ve- 
locity; used 6 years. 

Measured Aug. 25, 1912, 44 
miles southwest of Rigby. 
Irregular cross section; 
some weeds and sweet clo- 
ver growing in channel; 
used 6 years. 

Measured Aug. 24, 1912, 7 
miles southwest of Rigby. 
Uniform cross _ section 
some gopher holes in bank 
used 7 years. 
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TABLE I.—Seepage 

2B ; Dimensions of 
= | Section measured. 8 canal ; 

5 uw 7m | g B ~ - = 

Canal and stream or locality. = = Sina e g | § es A 
C a a4 3 ns a 

Ss Puc) a is 3 io F A a a ~ : ae ® 5 1 > S 8 
3 ce eS aa|8 5 a % aa 

e| F | & gis | Be) 8 | 8 g 
S o = el pred S o 4 5) 
a | cs eee. | Aloe > 1A a 

Feet 
Idaho—Continued. per | Sec.-| Sec.- | Per 

Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
Lateral of Burgess Canal, Snake Ai ey Sheps! 12. 52 |1.42 Te2) 9220) ea | eee 1.57 | 12.50 
River. | 

ORS croee sence ieee te Boek oe 1 . 674 18.54 | 1.35) 8.6) 9.88 1.54)...... 1.35 | 7.30 

Vance, Snake River -..-..2-22.s.-6- d) 3.171 41.07 | 1.46) 8.9) 11.25) 2.98).....- 4.84 | 11.80 

Randall, Snake River.............. are | 2. 833 135.7 | 2:49) 17.0)21:00) 3.10)..-2.. 9.36 | 6.90 

Salmon River project, farm lateral, 1 - 399 - 145) 216) 150) L174) .84}c..c. -015 | 10.30 
Salmon River. 

DGG ese: Snocne eet oeas eee eee al 378 ool) o lol Lebip GQ), 2749) ae cae - 033) 5.70 

Dt eee eee oes epee ana == it -519 987) 227) 3.5) 38.272) .99).-5-.. - 068) 6.90 

| 

DOS a ese sae cee ace eae eer e 1 . 301 1,28: | 229) 2:0} 2230) 2:19)--.--- - O11 - 90 

D OSes sean seas onee eseee 1 554 2.18 | .381 3.0} 3.30) 2.34/...... - 049) 2.30 

1B Yo perience ee Al .576 2.26 | .42| 2.5) 2.98) 2.03]..-.... 099) 4.40 

Salmon River project, main canal, 1} 2.928 78.6 | 1.29) 45.0) 46.25) 1.30).....- 5.88 | 7.50 
Salmon River. | 



CONCRETE LINING FOR IRRIGATION 

measurements—Continued. 

CANALS. 19 

Loss per mile. 

Loss per 
square : 
foot of | Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum.|mum.|£e22-| 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. 
aes Sal erate pe = 9.90 2.22} Medium gravelly... . 

py se aloe ae 10.80 Booz eae Sd Ot meats an see 

| Ca ieee 3.70 2.28| Gravelly............- 

Beas |e aise. 2.40 2.58} Sand and gravel..... 

eal ye hie 25.90) .55 | Medium clay loam... 

SSeS eerie 15. 20 .88 | Shallow clay loam, 
hardpan at 13 feet. 

Sho aera 13.30 . 68} Clay loam underlain 
with hardpan at 
14 feet. | 

By eae acura 2. 50) . 23] Clay loam........... 

Bdrsca peceed 4.00 . 43) Shallow clay loam... 

Bi ee tall endl ai 7. 60 .95| Medium clay loam, 
hardpan at 23 feet. 

Bsmt claves os 2. 60 .71| Medium clay loam, 
underlain with 
hardpan and 
gravel beneath. 

Source of informa- 
tion. 

Remarks. 

Report D.H. Bark, 
9th Biennial Re- 
port State Eng. 
Idaho, 1911-12. 

Measured Aug. 24, 1912, 44 
miles southwest of Rigby. 
Uniform cross section; 
partly in dike; weeds and 
sweet clover growing in 
ditch; used 7 years. 

Measured Aug. 23, 1912, 7 
miles southwest of Rigby. 
Uniform cross __ section; 
carrying about one-half ca- 
pacity; clean channel; uni- 
form velocity; used 6 years. 

Measured Aug. 17, 1912, 44 
miles southwest of Rigby. 
Irregular grade and cross 
section; moss and roots in 
channel; used 8 years. 

Measured Aug. 16, 1912, 6 
miles southeast of Rigby. 
Uniform grade and cross 
section; growth moss and 
weeds in channnel and on 
banks; used 8 years. 

Measured June 20, 1912, 14 
miles east of Hollister. 
Banks fairly regular; bot- 
tom fairly well silted; used 
1 year. 

Measured June 19, 1912, 4 
mile east of Hollister. Ir- 
regular cross section; bot- 
tom silted in places; other 
places hardpan exposed; 
used 1 year. 

Measured June 20, 1912, 14 
miles east of Hollister. 
Clean, uniform cross sec- 
tion; hardpan exposed; 
used 2 years. 

Measured June 21, 1912, 2 
miles east of Hollister. 
Clean, uniform cross sec- 
tion; used 2 years. 

Measured June 18, 1912, 14 
miles southwest of Hollis- 
ter. Clean but somewhat 
irregular cross _ section; 
ditch across nonirrigated 
sagebrush lands; used 1 
year. 

Measured June 19, 1912, 2 
miles south of Hollister. 
Clean, uniform cross sec- 
tion; water 24 feet below 
surface, flowing on hard- 
pan; used 2 years. 

Measured June 17, 1912, 3 
miles southwest of Hollis- 
ter. Uniform cross section 
and grade; canal carrying 
small uN of capacity; 
water flowing on hardpan; 
used 1 year. 
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TaBLE |.—WSeepage 

g P Dimensions of 
5 Section measured. aiaGih 

2 8 d 
| a % 3 = a] iS) 
3 5 Ble » |aaal @ 8 

Canal and stream or locality. q =} aE : oe 8 a z 
omy . Gq 5 Pio = 

an fea aq — 

-| , | Se |e POS] Se leaps a 
3 q 2 SDlabl(se}| £ - AS 

~ n =a") Os] u pa 

| ay 5 SS et tS ® 3 
3 8 2 S js 8 Ta | S 
a 4 em = |= 4 > A a 

Idaho—Continued. Ls Gens Sesedl eer 
Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 

Salmon River project, lateral A, 1 3. 138 92.2 1.96} 23.3] 24.50) 1.98)...... 3.44 3. 70 
Salmon River. 

Salmon River project, coulee in 1) 3.809} 192.4 | 1.72) 67.5] 68.25) 1.65]....-. 2.30} 1.20 
main canal, Salmon River. 

Salmon River project, main canal, 1 4.189} 206.9 | 1.84} 68.1] 68.75] 1.62]...... 8.41 | 4.10 
Salmon River. : 

Salmon River project, check basin, at eee B48F9) Ween leo illese Sic eee fee Seat 9452) |Eoetece 
Salmon River. ; 

Murphy Land « Irrigation Co. 1 - 469 - 685) .25) 1.8) 2.30) 1.49)...... . 030) 4.40 
farm lateral. 

WD OR erce ee cen ae eee See oe 1 1. 623 1.282) .28 4.3] 4.58) 1.03].....- . 086] 6.70 

MD) Oey ae oe cyte nets UIT et Loe 1 5. 254 1.454) .34 3.6] 3.96) 1.94]...... . 562! 38. 60 

Murphy Land & Irrigation Co., 1; 4.568 19.3 -97) 10.3] 11.25] 1. 83).--... 1.81} 9.40 
main canal. 

DOne ae soe elas cette eae tose 1 3. 812 21.7 #98) 11.2) 10.78) 1e8vje-.-.< 2. 25| 10. 40 

MUDD i osetia recs seveye'|=-5caccis allnssetm ors! eee eve eel eros | eee 
Farmers’ Union, A-B, Boise River..| 3) 1.69 joe é sandal obi al ce seec| ease c|eoasee! naeeree eee 

DO sits at icks eee eemsl eases Se ose 2.44 £2? Fa | Reet ee oem (cere eed [ens ete eee (ree hab 

Farmers’ Union, B-C, Boise River... 2] 3.30 95.3 000 fo boiiiinciiigie 
Farmers’: Union, C-D, Boise River..| 1] 4.40 ag Wg age ee beer em Pal Dee Seales cae 

Settlers, AB, Boise River.......... 14H eee (ee le 
Settlers, B-C, Boise River........-.. 1} 1.73 168.4 32st |store 3| eo asaone cel 2 ee eee | eee 

Settlers, C-D, Boise River.......... 1 95 1S cA al PPE (Pt See a Der ene ne meert nH tear |e Alesse 
Settlers, B-D, Boise River.......-... 1} 2.68 1s Hl Ls ae cet He ee Peso eseneete Len al bears 

Caldwell high line, A-B, Boise T1650) eee oct S| 2265. | 5 ee Peele ened scene 
River. ; \ 2) 2.25 { G66 (ticles [oc acah eet bees ee | 

Caldwell high line, B-C, Boise 113.4 | scale had Sachs ease | soso seen | eee 
River. i. eee Aa ae TN bene nor "lich emi tees) | 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

Loss per mile. 

Maxi-| Mini- 
mum.);mum. 

Per 
cent. 

Per 
cent. 

Mean. 

-30 

1.00 

9. 30 

4.10 

7.30 

2.10 

2.70 

Loss per 
square 
foot of 
wetted 
area in 

24 hours. 

-48 

45 

~ 442 

- 576 

- 82 

Character of material 
in the channel. 

Medium clay loam, 
underlain with 
limestone shale at 
14 feet. 

Rock and clay loam.. 

Clay loam underlain 
by hardpan; rock 
exposed in places. 

Lava rock covered 
with clay loam 1 to 
3 feet deep. 

Impervious clay 
loam. 

Beiios C6 U0 psi a em be es 

Varies between im- 
pervious clay loam 
and sandy loam, 
all underlain with 
hardpan. 

Clay loam mixed 
with gravel. 

Clay loam 

Clay, silt, and gran- 
ite wash. 

Vea sand wash, 
and lake deposit. 

Granite, sand wash, 
lake deposit, and 
volcanic ash. 

Wasa and gravel, 
partly cemented. 

Cemented gravel and 
sand. 

Sand and gravel 
more or less ce- 
mented. 

Voleanic ash, clay 
and cemented 
gravel. 

Source of informa- 
tion. 

Report D. H. Bark, 
9th Biennial Re- 
port State Eng. 
Idaho, 1911-12. 

Report F. W. Han- 
na, in report of 
Boise Conference 
of Operating En- 
gineers, U.S.R.S., 
Boise, Idaho, 
Nov., 1911. 

Bo dorset se 

21 

Remarks. 

Measured June 15, 1912. 
Uniform grade and clean 
cross section; canal carry- 
ing only part of capacity; 
water flowing on limestone 
shale; used 2 years. 

Measured June 16, 1912. 
Coulee or natural water 
course; well silted greater 
part of section. 

Measured June 16, 1912, 
below check basin. Clean 
uniform cross section and 
grade; used 2 years. 

Measured June 14, 1912. 
Small lake about 62 acres; 
rather regular in outline; 
1,200 feet of rock cut at 
outlet; used 2 years. 

Measured May 27, 1912. 
About 10 wooden drops in 
this ditch; regular cross 
section; irregular grade; 
used 2 years. 

Measured May 27, 1912. 
Ditch carrying only one- 
fifth capacity; uniform 
cross section; no weeds in 
channel; used 2 years. 

Measured May 26, 1912. 
Irregular cross section; car- 
Trying only small part of 
capacity; numerous drops; 
varying grades; used 2 
years. 

Measured May 23, 1912. 
Clean, uniform cross sec- 
tion; mostly side-hill sec- 
tion; well silted; used 3 
years. 

Measured May 23, 1912. 
Clean, uniform cross sec- 
tion; well silted bottom 
and banks; used 3 years. 

Bottom. 

Do. 

Side hill. 

Bench and bottom fill. 

Side hill. 

Do. 

Bench. 
Side hill and bench. 

Side hill. 
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TABLE I.—WSeepage 

g . Dimensions of 
: Section measured. Evia 

Z url g be : 

z . & (E>) a-| 3 = 
fast ae) 

Canal and stream or locality. A ie ps: cos (ecole ls z % 
ls . a 3 | FS a q 
3 vid SS betaltes e mn 
by , ad ® q og bs iS) L 
alee U/)/e2|S8) 2 | # = 
g Sp > qa /3 wa, | 8 5 Zz 
S| & £ Soe. 18 | a hee 5 
Zl wa fe Se > 1 2 a 

Feet 
= ; per | Sec.-| Sec.- | Per 

Idaho—Continued. Miles. | Sec.-ft. | Ft. Feet. Feet.| sec. | feet. | feet. | cent. 

Middleton Water Co., A-B, Boise || 3 4 (ate el eae oes aes eee ae 
iver | : MEAP ert faeiee ool ee eeer| Peewedppkeediecccnn|occast 

‘ \| 1.95 DF histatins geal Seaxatenege'| evepahecees| oa save sere' lio ceteveve layne | Spree 

Middleton Water Co. and Middle- 1) 14.91 LOTEGs 3) seize Gases Sagee| |S osesce leet cee = | eee 
ton Mill Co., Boise River. 

1D) One cee ee sae e emer 1) 16.15 OG SOF a ee 2 a Sr sree [ors exe lees cere eee eee | ee 
North Mora, A-B, Boise River..... 1; 2.08 Q LST Eason se <6 Semis | as See) etl Renee aa eee 

North Mora, C-D, Boise River......| 4]  2.'04 448 Nos ool eecel sees] eeecee tae eae | 

Rawson, A-B, Boise River. ....-.--- 1} 4.56 SBE actoee ale ae sell ohne) Soe sel Seater reyes eee 

Kuna, A-B, Boise River ..........- 1) 1.56 203\L > |e ace |seceakleemsee ee Mere meer sacar 

Teed, A-B, Boise River.........--. 1} 2.00 MD 2) oe cco: thee] croietsi| 8 Gesteistelle s.c.cssl| Peeeeeerll eee 
Eight-Mile, A-B, Boise River....... 1} 5.69 YAO [ene ek be eye I ecevopsde| Stone. cxei| oc reel Eee 
Kennedy, A-B, Boise River. ....... 1} 5.81 20 SA eee eee locace al Secteall eam eeellee orb 
Eureka, A-B, Boise River......--... 1; 2.26 DELO Ne wate lees acc oracle eee eaaee | Seeeree | Goes 

D Onstage Sante tee aero oak 1 2. 20 1558: Ne 8.2 aateconl dees ee aesll . ae ece | eens | Sem 
Eureka (rating flume to C), Boise 1} 3.96 DMS. Oe eats ciceeia| ween elle ete || See eee || eee eee 

River. | 
WO pass ocuaeetateaeneeeeaeaeee Lee oe ONOGH Peo eemers | aye cl sc eer|| Sees | Sees epee 

Ballantine, C-D, Snake River...... 1 85 UA Wes os Bae cle aie cll nee os | ae sel eee eee 

SOA rahe tee Seal oo eal ace yeceve ll sy ee eel eet ee | eee 
Boise Valley, A-B, Snake River....| 3) 1.80 TSG: jeses: VeiSiechina| Sratse.c 6 soe </=:e]| siesta: 215 Sears all oer 

Da Oe A ope 2) ha peters 2] cee eee) | erec cae | eveyeye cet | eae pee | ae 
Ridenbaugh farm lateral, Snake 1 . 682 <240| O;21|| 7125) 169) 10) 74) 22222 0. 083] 30. 00 

River. 

DO iis ora Mies cterea Sieveahes Asies ee 1 .379 . 364 .28) 1.5) 1.78] .78).....- - 081] 22.20 

TD Oeste reas Sei ee eee 1} 1.534 1.219} .40; 2.5] 2.90) 1.16)...... .096| 7.90 

Portneuf-Marsh Valley, Main Canal, 1} 1.881 43.6 | 1.44) 19.8) 20.75) 1.50]...... ieeby |} 6140) 
Portneuf River. 

DOB srseceet era Syncensiane.c Sever oistehS cee 1 1.746 45.5 1,58) -197| 20.575) 2243)222222 1.90 | 4.20 

DOW scan tc es Seer 635 deme 1 3. 000 50.3 1.71} 19.5] 20.58) 1.44/...... 4.80 | 9.50 

1D OR ese cee een aoe een 1 4. 533 59.0 LESS 2122.63) i laos = ceese 8.70 | 14.70 

DO secon ee se ek eee eee aes 1 4. 862 73.0 | 2.12) +24. 8) 25.90) .25)-...-. 14.00 | 19.20 
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measurements—Continued. 

Loss per mile. 

Loss per 

foot of Ch ter of material} S f inf oot 0 aracter of materia ource of informa- 
wetted in the channel. tion. Remarks. 

Maxi-} Mini-|,,.. area in 
mum.|mum.|™2"-| 94 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. 

Report F. W. Han- 
na, in report of 

SER ern |e 1.25 0. 83|)Clay and silt over- Boise Conference 
eaneye MoBeee 5.13; 2.04 lain with wind- of Operating En-|}Bottom. 
see ae fel as Ca 3. 66 1.42)} blown ash. gineers,U.S.R.S., 

Boise, Idaho, 
Nov., 1911. 

he Oa Dae 12.00 11.31] Gravel, silt,andclay |.....do............... Do. 
overlain with wind- 
blown ash. 

Sear epee 12.09 p21 [Oa ese Ey § V0 VaDE Seema ys eh ae Fea eo V0 ete Ra NON Do. 
JeeeGe | Saeeee 2. 52 . 23} Hardpan - overlain |.....do...............]| Bench. 

with mud. “ s 
Sener See 11.61 OO Ee OC Osea eee |) Osseo ae | sAVerare:= weeds! ine canals 

bench. 
pyre lea ieats 2.29 .52| Mostly mud bottom |.....do...............] Bench. 

underlain with 
5 hardpan. 

Lee Aeon - 60 17; Hardpan overlain |.....do............... Do. 
with mud. 

5 A Ase! I 11.96 SUBS) beak 0 (ON aa ee aia ERI coca 6 Vo amet pele MR A Do. 
Seoneelsarerel| 2. 32 LSS Ee ate Vein Sees eae rene ial In eo Ko ae he Ro oO Do. 
Pees aa Syciciaie 1. 82 GSB eee Osean ee meee oe | ate Oboe eee aD Do. 
Seco Wecere 18.36 1 2.52) Clay, silt, muck, and |.....do...............] Bottom. 

sand. 
SOMES eee 112. 40 12820 |e Oceeaee yeas alinee Su Osasaea soascutsc Do. 
eye specular Sicieis 18.50 DSTA G pee Ones eae ya ae [ele eG Onan ganar nn Do. 

peesaelsEaaee 120. 00 VR S4 Pete Qe a ee a ee oe ea Onna ne ea Do. 

Cail emai 115. 20 WU.96| Granite, sand! wash, 2.) .:dovj. 32222202222: Do. 
ona are and silt. 

mate leone Z “og. (Sand, granite wash 1 1 S) ’ 

Sesame ete ras gravel, and silt. HER (os ue see Do: 

seseaT eoces 43.90 1.17; Clay loam mixed | Report D. H. Bark, | Measured June 27, 1912, 1 
with gravel. 9th Biennial Re-| mile south of Meridian. 

port State Engi- Regular cross - section; 
neer, Idaho, 1911- weeds on bank; first half- 
12. section in low dice; used 8 

years. 
aso dHA SBaaSe 58. 80 1.97| Deep and porous me- ;.....do..............-| Measured June 26, 1912, 3 

dium clay loam. miles west of Meridian. 
Deep uniform cross-section; 
some weed growth in chan- 
nel; used 5 years. 

aoscas Waaser 5.10 .35| Impervious clay |.....do...............| Measured June 28, 1912, 2 
loam. miles west of Meridian. 

Uniform cross-section; par- 
| allels a larger lateral 10 feet 

away; used 5 years. 
sacddelbecous 1.60 .57| Deep, uniform, and |.....do...............| Measured Aug. 31, 1912, sta- 

finely divided clay tions 981+-72 to 1081+6. Car- 
loam. rying only small part of ca- 

pacity; clean uniform grade 
i and cross-section; used 1 
| year. 

oe ee emcee 2. 40 MSOs Ovitencilars)-isajei-72i| seed Oseeee see ei Measured Aug ol Ol oi sta- 
tions 889+49 to 981+72. 
Balance same as foregoing. 

sacesqasacual 3. 20 28 | COs eee eee loaned Osease ane yen Measured Aug ol 1912 esta= 
tions 731+19 to 889+49. 
Balance same as foregoing. 

ses eer ee 3.30 W539 |e ees GO elects a). [tne eOOen nee nee ene Measured "Alige.( 315 1912) sta= 
tions 491+84 to 731+19. 
Balance same as foregoing. 

Za saisie||nne se 3.90 182 | ees CO seen eae sae eee Ostaee ees Measured, Aug sal 19127 sta 
tions 235+11 to 491+84. 
Balance same as foregoing. 
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Canal and streana or locality. 

Idaho—Continued. 

Portneuf-Marsh Valley, Lateral C, 
Portneuf River. 

Portneuf-Marsh Valley, 
Portneuf River. 

lateral, 

Louisiana. 

Ferre, pump 

Montana. 

Big Ditch, Yellowstone River 

High line, Yellowstone River....... 
Yellowstone, Yellowstone River.... 
Italian, Yellowstone River.......... 

Canyon Creek, Yellowstone River. . 
Mill, Yellowstone River.........-..- 

Flaherty flat, Yellowstone River... 
Merrill, Yellowstone River.......... 
West Gallatin Trrigation Co., West 

Gallatin River, 

B 
& | Section 
oO 

=| 
oO 

5 
n 

& 
| 
ea 
° 

S] 4g Q 

B| # 
5 o 

A = 

| Miles. 
i . 478 

ul 1.309 

al 1.176 

2 3.08 

1} 22.00 

1} 33.90 

1] 30.40 

1] 28.86 

Yj 18.51 
1} 7.00 
al 9. 62 

1} 12.00 
1 8.00 

Tos O0: 
1 8,25 
1} 38.75 

1} 26.50 

1) 23.25 

measured. 

Flow at upper 

end. 

Sec.-ft. 
24.1 

13.17 

Dimensions of 
canal. 

Width of water 

surface. 

| Mean depth. 

Feet. 
12.2 

97 9.5 

- 68 ov 

mr 
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TaBLE I.—Seepage 

Length of wetted 

perimeter. 

Feet. 
13.20 

10. 10 

5.95 

| Velocity in canal. 

1,36 

1702) 

1.31 
1.26 

| Diversions in section. 

on2.2- 

94 

2.00 
1.90 

65. 1 

47. 

bo 

20.3 
6.9 

12.70 

26.3 

18.8 

Total loss in section. 

. 60 

48 
43 ron 

- 60 

27.05 
19.35 
15.33 

18.02 
6. 07 

5.50 
17.07 
34. 10) 

28. 10) 

26. 80 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

Loss per mile. 

Maxi-| Mini- 
mum)mum. Mean 

Pera \eee? ||| Ler. 
cent. | cent. Ce 

1.16 

«45 

-32 

1.06 

81. 
79) 

Loss per 
square 
foot of 
wetted 
area in 

24 hours. 

Cu. feet. 
2. 88 

41 

Character of material 
in the channel. 

Very gravelly.......- 

Clay loam slightly 
mixed with gravel. 

Sandy loam mixed 
with small amount 
of gravel. 

Acadia silt loam and 
{ heavy yellow clay. 

6 miles sandy loam; 
5 miles heavy clay; 
remainder light 
sandy loam. 

Source of informa- 
tion. 

25 

Remarks. 

Report D.H. Bark, 
9th Biennial Re- 
port State Engi- 
neer, Idaho, 1911- 
12. 

Report W. B. Greg- 
ory, Journal Assn. 
Eng. Societies, vol. 
49, No. 1, July, 
1912. 

Report Samuel For- 
tier, O. E. S. Bul. 
172, 1906. 

Measured Sept. 3, 1912, 2 
miles north of Downey. 
Clean uniform cross - sec- 
tion; water level in ditch 
about same as ground sur- 
face; used 1 year. 

Measured Sept. 3, 1912, 2 
miles north of Downey. 
Clean uniform cross = sec- 
tion; carrying less than one- 
fourth capacity; uniform 
grade; used 1 year. 

Measured Sept. 3, 1912, 2 
miles north of Downey. 
Uniform cross-section; car- 
rying very small part of 
full capacity; used 1 year. 

from Measured Aug. 7, 1911 
Lyons Benoit flume to 

Point flume. 

Measured Aug. 9-13, 1900 
from Tilden’s ranch to Hes 
per farm. 

Measured June 10-13, 1902 
Received some inflow from 
High Line Canal and irri- 
gated lands. 

Measured Aug. 4-6, 1902. Re- 
ceived some inflow from 
High Line Canal. 

Measured 1903. Received 
some inflow from both the 
High Line and the Yellow- 
stone canals, and irrigated 
lands. d 

Measured 1903. 
Do. 

Measured 1902. Receives 
heavy inflow from canals 
and irrigated lands above 
it: 

Do. 
Measured 1903. A large in- 

crease in this section in 
third and fourth miles from 
head due wholly to seepage. 

.| Measured 1903. 
Do. 

Measured July 18-20, 1900. 
No canals or irrigated lands 
to affect this section by 
waste water. 

Measured June 24-25, 1902. 
No canals or irrigated lands 
to affect this section by 
waste water. 

Measured 1903. No canals or 
irrigated lands to affect this 
section by waste water. 
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TaBLE I.—Seepage 

: | 
‘eZ : ; Dimensions of | 
= Section measured. RCL, | i 

5 | 8 d 
: 7 lz ig/s| ¢ 

; $ a = aS ene. a ® 
Canal and stream or locality. q 5 sons| esa = w | § o Z 

ia Me aa eo 
3 wed | ales [se)F | € a 
~ . ae ® re =i a D 
s| = = Slean| 2 | # iS 
Q cS Sai}|so!| 3 2 oe 

Fi 2 | & giz |er| es } 2 E = oD oe r3) sy i} 

| Bde pes TS Vice = 

Feet | 
Montana—Continued. per | Sec.-| Sec.- | Per 

: Miles | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
Cameron or Kughen, West Gallatin 1) 7. 82 D6 rl es ak ef] oe All ed | ee oe ede as 

River. 

Kleinschmidt, West Gallatin River.| 1) 17.50 OGM eee alse eee eee 10. 24} 10.70 

Middle Creek, West Gallatin River. 1 4.0 GaL0%) seca. 8x5 AOR sees es 31.2 | 12.2 | 19.40 
| 

Republican, Bitter Root River... .. 1 3.6 12025; \eeees abi 0/45) [ed Rs yp 6) ees 9:31): (3423: | 28250 

Oregon. } | 

Adams (old), Little Klamath Lake. 1 6 16. 99}... -- Peeler eerie pany AS37| ©1273) 10:20 

} | | 
Adams (new), Little Klamath Lake 1 8 TSG lesen |eeonme Seeeae Prceetars aeere rs 2. 28) 12.60 

| | 

| 

Ankeny, Klamath Lake........... 1 6h0 4559 4p eoeele eee sete meee eee eee | 7.84] 18.10 

| | 
Pilot Butte, Deschutes River... ..-. 1 2.07 Co Ree Leer Se | een 1.0 9.4 | 10.60 

TO ex siet insect gestae ste 1] 1.84 (cf 4 pean cere lecueean tees | &0| 66} 842 
| | 

etic aes Ale ea oe 1] 3.0 Es en es ee eee oe ee 2.2| 5.2 | 13.80 
| | | 

oie sctanatost 22.462 Ce aan th: UGS * 2a00a ie: B8S  ececes eee 0.0) 1.6| 5.26 
DOs shacicks Sel eiere the sae 1 5. 81 Die Gea PIE AM sae jaceeze 0.0 2.5 | 8.68 

| | 

Ose cee ee eee ee 1 2. 25 26rAdlaeaec 1S a eee (ere 7.9 4.1 | 15.50 

Oregon Central, Deschutes River...| 1 2251 5686 jess 613) | baste leeecoe 0.0] 17.7 | 31.30 

DOeeeae accor comida ee tom eaees iL 2.18 BRO) [hs sarees ore eee ese | eee 0.0 | 15.9 | 40.90) 

Maxwell, Umatilla River........... 1 1. 75) AT GM) Seo I erate ere Seesrerere| | eee 0.0 3.2 | 19.60 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

Loss per mile. 

7 

Loss per 
square 
foot of | Character of material | Source of informa- 

“mee wetted: in the channel. tion. 
i- area in 

mum. Mean. 24 hours. 

Per | Per 
cent. | cent. | Cu. feet 
Bate aya 3.67|.........-|----2+----------------| Report Samuel For- 

tier, O. E.S. Bul. 
172, 1906. 

abe at es NH ee eed res er A cpl (RN (0 ne pe aR ae 

Baws AGS5| MB eo ee Wa in ee ns ee a REDOLt Samuel HOr= 
tier, O. E. S. Bul. 
104,Sep.No.4,1900. 

ease EO 2| rect tore Nb OLAV OLL Yer teys his ak mis Nap nck eet 

Bees a Til| See to erate | seyepey late sieyeteyricte steels =r MR ODOLbsteMiae went, 
O. E. S. Bul. 158, 
Sep. No. 4, 1904. 

Eee TGA Gens es Sa Naa OGBsats onceacoo ee ee Seek 0 KO iieeie Dy came de qumrece ay 

sek oe 2.78|..........| First mile along a|.....do.............. 
very rocky and in 
places steep hill- 
side. 

<tr 5.12)..........| Extremely rough....| Report A. P. Stover, 
O. E.S. Cir. 67. 

ie teie's AT See | ote Ose tate aerate [eed MQ Me ea tame laa. 

ae Ashopeo eee «| Roughiniplacessnat=||hen" domes ets eee 
ural channels in 
places, some silt- 
ing where grade is 
light. 

SEE PR OIG) RA cg A SB FD er en Oe a0 Kearse Me Ue a 

BAO es AO Sere tea ROCK: CU Ger iow nape Mie Gl LAU eS Tee a iil 

ae ats CO TO a a age cee ar ag ee a6 Ke a ey Oa 

Bee leey OH | Eee eye ROCK CUb Mm fiTS tan onlers ahd Onna te aie ayn fi 
miles; remainder 
in earth, with 
small rock cuts at 
intervals. 

= an Sie ae eee barbs awithy small |seeedoseee au ee 
rock cuts at inter- 
vals. 

SUSE 11.2 |..........| Mostly cement grav- |.....do.............. 
el and bowlders. 

Remarks. 

Measured 1903. Some inflow 
seepage. 

Measured 1903. Seepage ine 
flow from creek channels 
and narrow irrigated val- 
leys. 

Measured June 27, 1900. 

Measured July 21-23, 1900, 
from headgate to north line 
of Grantsdale. 

Measured July 15, 1904, up- 
per end of section 600 feet 
below Lost River flume. 
Grade, 1.8 feet per mile. 

Measured July 16, 1904, up- 
per end of section, 300 feet 
below Lost River flume. 
Grade, 0.7 foot per mile. 

Measured Aug. 20, 1904, up- 
per end of section, 200 feet 
below power plant. 
Doubtless heavy loss in 
first mile. 

Measured Sept. 5, 1905. 
Heavy grade, numerous 
natural drops. Stations 
75+100 to 184+50. 

Measured Sept. 5, 1905. 
Heavy grade, numerous 
natural drops. _ Stations 
184+50 to 281+40. 

Measured Sept. 8, 1905, sta- 
tions 71+-00 to 228+-90. 

Measured Sept. 8, 1905, from 
stations 228+90 to 322+-90. 

Measured Sept. 8, 1905, from 
stations 322+90 to 630-+00. 
Heavy grade first one- 
third section; remainder 
light grade. 

Measured Sept. 8, 1905, from 
stations 630-+-00 to 760+00. 
Channel entirely in cut; 
grade light. 

Measured Sept. 6, 1905, from 
station 34+75 to 170+50. 
Bottom well silted; new 
channel; dry for some time; 
porous. 

Measured Sept. 6, 1905, from 
station 170+50 to 285+50. 
New channel in good con- 
dition; dry for some time; 
lower end of section well 
silted. 

Measured July 20,1905, head- 
gate to waste gate No. 2. 
New channel; only slightly 
silted; grade uniform. 
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TABLE I.—Seepage 

z Section measured.| P De eye of 

E g F 
2 3 a |o | a | 3 5 

. g es Bie Gee eA od g 2 
Canal and stream or locality. | 5 Pos Se tae! | og i 

S co} be =| g ao & = 4 

e| « | @B |B /PAleel eS |e] 2/3 3 i/s2/88| 3 | # is 
a) oe oN eS Bile ia es ae 3 HS. oO = a) ae 

Zi} nu | ® |S I/F [A |e | A & 

Feet 
Oregon—Continued. aa Beker ieee ae a per ae pty Per 

iles. ec.-Jt. te eet. eet. | Sec. eel. eet. | cent. 
Maxwell, Umatilla River .......-..- 1} 0.23 OF pee ed fe eed (eco Paces 0.0} 1.6 | 12.20 

13s Sie NER ee eee 1] 1.75 ate Reamer Drees Peet ere 0.6] 5.6 | 48.70 

DOs co okace cotwe <cSsmece ces seee's 1 1.50 62:5) ||ssese]25-co2l:e-n-c|acccen 0.0} 2.4 | 43.70 

Irrigon, Umatilla River.......-..--- 4, 8.33 OA a eerste eae [egos 0.0) 15.9 | 73.60 

| | 
1) Obes Rie co oae Sse Seen es 882 1 - 947) 1556) |Pssos|ocecse|seeeee jason 0.0) 3.0 | 19.20 

| 

D Oscar swenesasooeeesvestacesss fy a - 947 L2G \oetee eee sel sacee legaees 0.0 1.3 | 10.30 

| | 

Dec ac cblyascauenecscenees| a4 al | qe setlbaoc ae eee 8| 2.0 | 17.70 
| 

11s te ee Pe ane tort 1} 1.042 CG eas a ere loess 0.0/ .4| 4.70 

| | 

DOMs aoe 2 ee se een a aoe eos 1 - 815) 8.1 So Coe nee 0.0 Aor |p ee cy) 

| 

DO bees ane Seen ran 1) 1.193 TAR we |e ee 0.0 2.0 | 25.60) 

| 
1S fo ier ee ee ee bd 1) .530 1B Oy Pane Petia ERO ney ee 0.0} .9 | 12.70 

| | 
WD) OW es sees wie Sees si ae Sees ae eee | 1 - 890 Get a See eee ee |oe eee 0.0 1.0 | 16.10, 

1D Yo peepee ieee ere ren ee a4 - 947 D2 sees | sek deal Sesccclsetees 0.0) 1.0 | 19.20; 

1D 0 ae A i ete kn et 1 .379 AD leo cateaeel|setar acclleeapeterees 0.0) 1.7 | 40.50 
| 

i) Oat ones ante a: cee nee ee 1} 8.901 LET a | ote [eee |e cael ees 1.1] 6.3,| 35.60) 

Bowne, Lost River... .225....22..- 1 i a a ert eee eteaet HOP PeEn Keown a| 1.0 | 10.10 

Dunn (lateral), near Ashland...... if, 2525 BED W ei eaehees Soe eee sce lane -32) 14.50 



CONCRETE LINING FOR IRRIGATION CANALS. 

measurements—Continued. 

Loss per mile. 

Loss per 
square 
foot of | Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum.|mum. Mean. 24 hours 

Leap \edetap ap 
cent. | cent. | cent. | Cu. feet 
2s 2 | ee 53 ‘|.........-| Cement gravel cut... 

saoee a Baoeee 27.8 |..........| Coarse, sandy soil,in 
some few places 
well silted. 

Sue S| Beare 29.1 |_.........| Much the same as 
preceding section. 

era Site SS | em ieee ea SAE i SR RL Supt pale 

Sarees lees sels 20.3 |.......---] 1,800 feet flume, 4.8 
feet wide, 2 feet 
deep; remainder 
coarse, orous 
gravel and shifting 
sand. 

Se Ao eee 10.9 |..........] Heavy sand and 
gravel cuts. 

2 ee [eee 17.3 |..........| Much gravel and 
loose sand. 

Sie tae 4.5 |..........| Finesand and gravel. 

Fos HeetEse 4.5 |..........| Porous gravel, with 
bottom filled 8 to 
10inches deep with 
fine sand. 

eee | Saeae 21.5 |..........| Sand, with hardpan 
at depths of 4 to 8 
feet. 

beaded GBaaee 23.9 |..........| Exposed gravel in 
lower end of sec- 
tion. 

RET sercia oe 18.1 |..........| Through sand cuts. .. 

Sat (Ree 20.6 |..........| Much the same as 
preceding section. 

on g8S4| BESSA Epes Coe Mostly well silted 
_ coarse sand. 

5 AOE ete Sate SIL Reyoe segs ue ee A Se 

| 

i SS ae | baie OSG Scere Be | Sie cee omc men sot tan me 

6.4 

29 

Source of informa- 
tion. 

Report A. P. Stover, 
O. E.S. Cir. 67. 

Report F. L. Kent 
in office manu- 

Remarks. - 

Measured July 20, 1905, waste 
gate No. 2 to end of gravel 
cut. 

Measured July 20, 1905, from 
end of gravel cut to lateral 
No. 1. Under compara- 
tively low velocities scour- 
ing causes loss through por- 
ous lining. 

Measured July 20, 1905, from 
lateral No. 1 to siphon in- 
take. Toward lower end 
section quite well silted. 

Measured July 13, 1905, from 
headgate to station 440. 
See detailed description in 
succeeding 10 sections 
measured. 

Measured Aug. 8, 1905, from 
headgate to station 50. 
Loss mostly through por- 
tion in coarse, porous gray- 
el; no deposition of silt; 
cross section irregular; 
banks of shifting sand. 

Measured Aug. 8, 1905, from 
station 50 to station 100. 
Trregular cross section; no 
silting. 

Measured Aug. 8, 1905, from 
station 100 to station 154. 
Uniform cross _ section; 
steep side hill; silting only 
at intervals. 

Measured Aug. 8, 1905, from 
station 154 to station 209. 
Uniform cross __ section; 
well silted. 

Measured Aug. 8, 1905, from 
station 209 to station 252, 
Uniform cross __ section; 
quite well silted. 

Measured Aug. 8, 1905, from 
station 252 to station 325. 
Uniform cross section; part 
of section well silted. 

Measured Aug. 9, 1905, from 
station 325 to station 353. 
Uniform cross section; bot- 
tom well silted. 

Measured Aug. 9, 1905, from 
station 353 to station 400. 
Uniform cross __ section; 
fairly well silted. 

Measured Aug. 9, 1905, from 
station 400 to station 450. 
The several hundred feet 
on ridge seeps heavily. 

Measured Aug. 9, 1905, from 
station 450 to station 470. 

Measured Sept. 19, 1905. See 
detailed description in pre- 
ceding 10 sections meas- 
ured. 

Measured 1905. Supplied 
from pumping plant. 

Measured 1905. 
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Canali and stream or locality. 

Utah. 

Logan and Richmond, Logan River 

Logan, Hvde Park and Smithfield, 
Logan River. 

East Jordan, Jordan River ......... 

Bear River mainline, Bear River . . 

Bear River west line, Bear River... 

Number of measurements. 

aI 

5 

Diversions in section. Total loss in section. 

; . Dimensions of 
Section measured. eae 

2 (3 |4 
a S S =I 
3 Fa Pecan aie 8 

, a ali = a 
Ss co ~ Ge G “i Aunt 

- fos] I a = € ° q S 
a Ko) ap lak > 

a7) ro Dy Ee ays = 

g | 2 sje (38 | s 
4 ey Sse 14 > 

Feet 
| per 

Miles. | Sec.-ft Ft. | Feet. | Feet.| sec. 
0.549 CO |esece 1 2) a 8 0/5) ee 

| 

a fil 71. 44 |..... 14, 65) 19.18)... .-. 
515 TAOS FAW ee 14. 05} 18.10)....-- 
. 306 72,32 Da ol 5 Olea 
. 843 58:69) jin... 12. 30} 16. 80]... .. 

1. 449 64. 41-|. 2... 13;:20)) 18540). 2222 
91.59 

0, 244— SOUGG+ |e ce [es sel ek cane 
947 52. 78 

1.36 37. 43-]....- 14°20) U7 10)2 2222. 
58. 57 

1.32 ASTOs | ares |e ees oe asl ee meee 

2.5 ADAG oscePel ae well. S: 2g does 

1.6 V1 ¢o Res ge eos | eae Ween [Ree 

75 7710 OR [Seeger Ee be 

3. 25 Dee, lie eres pe es Se ec hee 

BaOso | seme eee eee eee 

A5SUG Tal. 228 52ers Fd en alee 

5.5 ADSED: jee see) See e | eee 

BOO ee ade tes aS ae ate oe 

QOS QVM on sae a pserie ns | estapete ia | tativere 

3.5 ASS oad [eames Sik ie acta [as el LN res 

4.0 TSO cee ase lee acys| erence 

2.5 W204. ernest Bol slecsalieescat 

G95 110.0 

14. 03 

x S x 

6.29) 1.84 

17.3 2.14 

4, 47 

1.34 

1.65) 

4. 06 
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neasurements—Continued. 

31 

Loss per mile. 

Loss per 
square 
foot of | | Character of material | Source of informa- Re k 
wetted’ in the channel. tion. HBAS. 

Maxi-} Mini- area in, 
mum./mum. Mean. 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet. 
Bee a 2.67|..-..-.-..|---------+------------] Report George L.| Measured 1899. Averages 

Swendsen, O. E. only. 
S. Bul. 104, Sep. 
No. 3, 1900. 

eae ell oe a ANAS Neuere sna tate went crete tis (LAMAN G] Qillganr be tara) Al Do. 
sil, || Maes MOO Reese ia ee ame cme te aun eee See oar maa a Do. 
eA aaa ly USO ee eee hats (ee ee sieges ns cea e cals | Sal OM eee meal caren Do. 
2a eran GTN saa ALO Oe ea ca ee mene eR ESC Kn ny A Lee Do. 
Ss SOei ana 6277 eg ae SNE ree Sees ees oe 2 (2 Need enue (nee all Measured sai 1900s1. Atverage 

measurements for identical 
sections. 

eas | Nae SH Sb ee tee dena lbeee tee tees! se eeeee| este do jeeecene aes Measured’ ($9920 Ioss im! por 
cent average for six meas- 
urements. 

ALOE eenaas We22 et te aiec eee a eae Fis nee eee oN: |p tee) On wer ceee es een Measured) (19008. Average 
measurements for identical 
sections. Measurement 
July 12 omitted. Steep 
mountain side. 

BROT dae 33. 60)..-.......|.-------+-------------| Report Samuel For- | Measured Aug. 31,1893. Up- 
tier, Utah Expt. per end of section at head- 
Sta. Bul. 26, 1893. gate. Allin canyon. 

Jposad cane 6.10}..........| Coarse...............] Report Irrigation In-| Measured Aug. 11, 1900, 
vestigations — for along steep hillside from 
1900, O. E.S. Bul. headgate to power plant. 
104. i 

Sone ad acl 3.30)..........| Mostly rock cut, | Report A. P. Sto- | Measured June 25, 1901, from 
some disintegrated | ver, O.E.S. Bul. | headgate to flume No. 1. 
limestone. 119, 1901. ; 

Bee ees pea A 2. 60}.........-| Porousside hillalong|.._..do..............| Measured June 25, 1901, from 
river bottom. flume No. 1 to flume No. 3. 

Seiad mae .34|..........| Heavy compact soap-|.....do..............| Measured June 25, 1901, from 
stone formation. flume No. 3 to Corrinne 

division gates. Along side 
hill bluffs. 

Report J. C. Wheel- 
1.83 ee measurements for |} on, of Utah Sugar Sa ar Glee font 

GS F Rane pied istics ela aia | Ua LOO) Co., office manu- sion gates 
script. % 

Measured June 28, 1902, from 
2 es ts eee DO Bera py eli | oe CLO) Sept tae a Cg il headgate to Corrinne divi- 

| sion gates. 
Measured July 28, 1902, from 

PP Ss |B si 3503 Beene ee eee | aoee Orn ane as ayn) | UT Ou san urn tL ae headeatesto: Corinne) Givi= 
sion gates. 

Measured Aug. 26, 1902, from 
Swe Ree QE 84 Ges alae aaCOsee wee ae ed one as vag esas headgate tox Cornnorcdiv-= 

sion gates. 
; Measured Sept. 22, 1902, from 

See ol RS 2003 | Baas anes Sec O eee neal ie ous wars headgate: to Corrinne divi- 
sion gates. ¢ 

Bpbes eat as ates 3 1,39).......--.|--.--.-+-+-------------| Revort A. P. Stover, | Measured June 25, 1901, from 
O. E.S. Bul. 119, Corrinne division gates to 
1901. Malade flume. Entirely in 

excavation. 
Ob AE OA Seereis reisisia ace aetare cia See emeee sea Oo aeeisace een | Measured une 251901 from: 

Malade flume to bridge No. 
13. Entirely in excavation, 
uniform conditions. 

Se aie See OG Beate ase tyeset eee semen | ot end Oe ates) v4 254 Measured) Junet25. 1901. from 
bridge No. 13 to bridge No. 
18. Entirely in excavation; 
uniform conditions. 

Be eheltateisiaverd 303 |Eemieeieeme|elseeniceeicione ste Seen | beets Omeice bcs ace=e|| Measured wurie 26.51 901s from 
bridge No. 18 to Rowe- 
ville. 
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TaBLE I.—Seepage 

Canal and stream or locality. 

Number of measurements. 

Section measured. 
Dimensions of 

a 
bo 
| 
o 

4 

Utah—Continued. 
Miles. 

Bear River, west line, Bear River...| 6) 16.5 

Bear River, Corrinne line, Bear 1] 8&5 
River. 

DO nde eaten ere ancssesiokas piers 

DOs soe once ee ceecesesse seks 1 3.75 

Anderson & Spilsbury, near 1 75 
Toquerville. 

Peter Anderson, near Bellevue... .-. A) aie 0 

Bellevue Town, Bellevue........--- i Pehalets 

Cottonwood, St. George...........- 1} 14.0 

Brigham Dalton, Rockville. ........ 1 5 
Davisand Pace, near New Harmony 1 -12 
Dry field, near New Harmony....-.. I als) 
Flanigan, near Springdale.-..-...... 1 rf 

Hurricane, near Hurricane......-.. 1} 4,12 

William Jackson, near Toquerville..| 1 75 

La Verkin, near Toquerville..._.._. 2 75 

La Verkin field, near Toquerville...| 1 i) 
Leeds, near Leeds:....-..0.++.-.0s-0- te 

Daniel Mathews, near Mount Dell... 1 25 

Mill Race, Virgin............ sieeve 1 - 095 
Mount Carmel City, near Mount 1 -75 

Carmel. 

canal. . 

8 d 
i] = ro ms ~ = 

= S Je eel B 
ts! B . o H Ss qd n 

: a g|FS = qd 
rd S |e Q}we a wy art 

ae = (ice = bce = al Rete Ge 2 
= mG Sian] 3 “A & 

q/37|ma] 8 Fs 3 
ee ee $ 
Fy a am ae) a 

Feet 
per | Sec.-| Sec.- | Per 

Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 

OIf2 2 dal Aeros |e aemreel (nena em rem peeee| oe yes 2) 20.2 | 10.10 

DA RAL eae | eyes [ce eed | eee ee ee 20.0} 8.15 

DUSS ON) eens sens eee sek ee eee 19.6 | 9.00 

ESHA Dr facies |e ase | Seeeec| se ceee eee 12.6] 6.80) 

VOL Alesse l|etcc.s| arctan eral erecee a (eae ress 19.3 | 12.70 

SH IAC ofa Peery pera Sd Perenrerd| POR ean | [es 6.7 | 8.20) 

TLS iO0l eae lees selowecec|as sacs 31.9 7.37| 6.20 

TAL BY tel ses ES ORee! mee | eee 28.3 4.53) 5. 68 

DosDubis sacle sees someon [sees er 12.13] 2.69) 4.85 

We G|deeee |S oe ne | cee oee eee es acer . 41} 23. 30 

pa? amen gel (Peas) EE ga | he - 35} 12.00 

808 |v e | eee ic eerie | eee | erererere .58| 6.50) 

(A0B | Soe glee [oe os | eee eee 3.17] 45.10 

sielLehe iostoen |Sacoealeeneae Steen . 04} 5.60 
DADO yee el lee oe | ae a ee | ee .18} 7.90 
DBO ames (oes 5m |e mcae lla sere atecereree . 28} 12.10 

V4 Es ssl ce eee oar eee lice: coal seetet . 86} 5.90 

(Ss: | eee PERN a ERIE Ieee Se bee ee 2. 25) 10. 30 

ELD cella, cya cen a | elena = 02) 170) 

LOS55 ese oe ickc oie |bic cee soe omrd asersine . 45} 3.30 

| PRE (pire eae (Bea el PRE a [Resa 01; +.10 

Aol ste-cale tees ol Seeeee lesen | sees . 56} 16. 20 
QRG0 |e ta a |= eee | ee ee . 65) 6. 80 

Dey Lec etal seeaestctellis: serena | severe eral eterreters -17) 11.20 

BA CAL  poserote | ieeteteta | Scasencayc are eee na eee . 08} 10. 80 
ASAD |S cacial ance sl see coal sacece eeeee 4 -02} = .56 
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Loss per mile. 

Loss per 
square 
foot of | Character of material 
wetted . in the channel. 

Maxi-|Mini- Area in 
mum.|mum. Mean. 24 hours. 

Per | Per | Per 
cent. | cent. | cent. | Cu. feet 

au Ly er ae CO ESL I PD ai eis A 

Brajaoaies alley 8 2P4O | Pieter eI ECT Rp Ur ee 9) Mae tae 

| 

a Se a) hee a Sa Lp Ea a Re Se ee es 

Bee Sees TAM ope ees photo par | lave spec eyajerer ele lores eisai ne: 6 

se ds] Nees TTS SD. eepre NaS eae ns ern ec coe a es a 

Soe onl Soar fy (D apeeak es ces are |= el wove chapeau re Dire ee | 

Sepeealaoeaee ZY eS IIS vad a ee Stereos oe ebay 

fae ye Na A US (Oa Sa os ar a a arse ee ere ed Seed 

ho se | a 1.20)... 2) eee rere eee eee 

eM ee valES NE 2 2 31. 00|..........| 2sandy loam; river 
worn gravel and 
bowlders 2 inches 
to 2 feet in diame- 
ter. 

a | a 1.70)..........] 5 miles solid rock in 
ravine; 2 miles 
black loam. 

Senos CaRaee 4. 30)..........| 4 bowlders; 2 volcanic 
soil. 

Sessalseueee 3. 20)..........| 4 solid sandstone ra- 
vines; 4 sand and 4 
black loam. 

Sandy loam......... 
Fine gravel and clay - 
Sand and clay......- 
Black loam and 

gravel. 
Bess ees 2.50|..........| Volcanic ledge; gyp- 

sum in places. 
Ui chases 2120 Pens LOAN Cyn lOBIMys sae ies, 

4. 40 Volcanic ledge; gyp- 
CIEE | RRR ile aal te SumMiDplaces: 

ae ape pee 2 a Tees Sa Na aa Saco Co age cy ag 

Bae fel | 3 2RA0 Eee enue | San Cyl ales see 
WE FY J......| 6.80]..........] Bedded sandstone 

with strata dipping 
toward the moun- 
tain. 

SAscise |------| 45.00)..........| Sandy loam and 
gravel. 

shenee lostoud lorsoas|-posedoded pn ecumlihy loehte eo oaoes 
oeieled |....--| -60)..........| Channel coated with 

clay deposit from 
! floods. 

48307 7°—Bull. 126—14——_3 

Source of informa- 
tion. 

Remarks. 

Report J.C. Wheel- 
on, of Utah Sugar 
Co., office manu- 
script. 

Report A. P. Stover, 
O. E.S. Bul. 119, 
1901. 

Records of office 
State engineer of 
Utah. 

Measured May 28, 1902, from 
Corrinne division gates to 
Roweville. 

Measured June 28, 1902, from 
Corrinne division gates to 
Roweville. 

Measured July 28, 1902, from 
Corrinne division gates to 
Roweville. 

Measured Aug. 26, 1902, from 
Corrinne division gates to 
Roweville. 

Measured Sept. 22, 1902, from 
Corrinne division gates to 
Roweville. 

Measured Oct. 24, 1902, from 
Corrinne division gates to 
Roweville. 

Measured June 26, 1901, from 
Corrinne division gates to 
bridge No. 14. 

Measured June 26, 1901, from 
bridge No. 14 to Red 
Flume. 

Measured June 27, 1901, from 
Red Flume to bridge No. 
25. 

Approximate grade 5 feet 
per mile. 

700 feet fail. 

40 feet fall. 

700 feet fall. 

4 feet fall. 
14 feet fall. 
7 feet fall. 
5 feet fall. 

20 feet fall. 

5 feet fall. 
5 feet fall. Measured May 10, 

1910. 
5 feet fall. Measured May 26, 

1910. Coated with clay 
-!) since previous measure- 

ment. 
5 feet fall. 
50 feet fall. 

2 feet fall. 

1 foot fall. 
6 feet fall. 
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TABLE |.—WSeepage 

2 2 Dimensions of 
FI Section measured. arait 

: Seats w by Z ne) a= 

3 Bi edif Spell mle 5 
: ® a =. a 2) ® 

Canal and stream or locality. o 3 2B | Oe S q a 
f=) a oO = o = ¢ 

s| se (21 8 | oe | ele a 
2 3 AS | ebiniel | etinh le aa ra = 
H} Pe jgls |PF) 3/2 e 3 =| a} o = = Ses 

Cae B ee Une ee wee & 

Feet 
Utah—Continued. per | Sec. | VSecs. | eer 

Miles.| Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. \ feet. | cent. 
North Ash Creek, near Bellevue.... 1) 0.50 } pyc (3 |e pee ee Were ne Pe en 0.17} 10.20 

Orderville Town, near Orderville. . . 1 nea) Py Ly pee (ere | es A PR a isa LOL 222} 

Pace & Prince, near New Harmony. 1 . 123 PASH | Soe | pce S| rees| oe ee ee 23) 12. 40 

Henry A. Pace No. 1, near New Har- 1 Spall BSc eid conse ele eee . O08) 13. 80 
mony. ; 

Rockville South Field, near Rockville) 1 alg OAC | oases eam | en eagye etme. eee -11] 3.00) 
Joseph Sanders, near Mount Dell...) 1 420 i140) | Pepe (aaatel A [epee veel rae 05] 5. 00) 
Santa Clara South Field, near Santa 1 - 40 4257 | oes ale eee Santen eocelloeeeee 73| 16.00 

Clara. 
Santa Clara Town, near Santa Clara. 1 25 De Gi esate pee eee ayes see . 03} 1.20) 

| 

Gottlieb Schmutz No. 1, near New| 1 25 | Rae Beene [Seared Bee = eae 01) 2.40 
Harmony. 

| Shones Creek, near Shonesburg..... 1 5 tei ERPs cet acre! aoe cae ete e Seen . 43) 38.70 
Spring Ditch, near Toquerville..... 1 B25 Des) Cie eee | a eecee ene oe | Bae -71| 28. 20| 

St. George and Washington Field, 1) 4.25 1551 TRL} <} eae el Re LOR RAR LO et one nal carte aS 1.58] 3.00 
near Washington. 

West Field, Toquerville....-....... il Py vf Pits) | Peeper ged Relea ee enectea bene Ee . 06) 1.60 

Huntington, Huntington..........2 1 13:26 De stecioe| Sate |temieer |Saeae aaa 1.39} 7.80 

Washington. 

Prosser Falls Irrigation Co., Lateral, 1 BS yit) JDO ee. «| Semen | ees seers poe or .32) 64.00 
Yakima Iiver. | 

Ke ce ene oe ets | 32.0 | 26.00 

Kennewick, Yakima River......... 4, 9.0 161.0 |.....|..----]------|------ [Gees 30.0 | 18.60 

T4850 bes tale eealnee ton eee (poten 24.0 | 16.20 
| 

TB AG ti ghee See |e | eens oe 9.8 | 12.50 

eee ee ae eee 2) 2.6 | 10} Yee eee see ee 5.0 | 3.80 

1247 ONPSRGe|k eer ul eee (aaa aaa ae 4.0 | 3.20 

TGR aA eto da Mens Std a 8.6 | GSSSi serie Ree eee eee | yaaa 10.9 | 15.80! 

| PSR sta re aint eater, ape Woes 23.0 | 25.30 
ADD) (Se Pathe Ae yee cetera ee aes 1 6.0 120.0 | bs excl exces oer=| core eee [eee |------ 13.0 | 10.80 

Selah-Moxee, Yakima River........ 2) 1.42 | BOD Per ealene asl c* 2 97 lca ene tS es 

49.8 |..... eure Prepon reer, Cerere 1:2}.)2.40 
WO eeacsats eee oberis ss eee 1} 2.6 AQ28) eee slo es Ie Ss eee eee 2.1] 4.20 

BY A scatnun hts niiene ee ena ses waa 1] 1.87 Rel Rem (een Rees Ri peel 2|. ..70) 

Sunnyside main line, Yakima River 30.0 636.0% |- oye) e ee jer ae | Sree | 258.0] 38.0 ' 6.00) 

| 

DD) Ose ae ee kee Pe 18.0 SKU 0s acne seed (erence | eae | 171.0} 40.0 | 11.80 

| 

1 Gain, 
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l.oss per mile. 

Loss per 
square 
foot of. | Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum.{mum.|!242-| 94 hours. 

TPO IGP AW etap 
cent. | cent. | cent. | Cu. fect. 

Be oe| Beene 20500/825 2282s Sandy loamess ce 

Pi A ee 1,90|..........; Channel coated with 
thick layer of clay. 

SO ea Seis EIS Seel Intepe meses ees Gravel and black 
loam. 

cH ae eae a GGK00 | Reeh eeeae eee Ores teuan sae 

Ss Sa Sk ade US O|Se Seaton sscoandy loam) 
SoBe oa neeeas NOE RO accep ersen S| oye SOU Alisa teens roa 
A peed Me ne ADS OO re eiinae solek Po GOme eis iiles es 

PRE ee AGO Reese so eis LOnae me nice oer 

Bena eeia 9. 80}-.........| Gravel and black 
loam. 

Mess Pe ey yu 77.40)...-......| Sand and gravel..... 
Ab clade SSCS Sees [esate ecm #sandy loam; + river 

worn gravel and 
bowlders, 2 inches 
to 2 feet in diameter 

ett Ni ces WO seems s Sandy loamee ale Nus 

Sie as eet | EN 9..20).-......-.| River rocks and 
sandy loam. 

ert | See ae 6.30)..........| Clay and blue slate 
rock points. 

2oSbeu OSbes6|GaBee Memes Mostly coarse gravel 
covered with soil 
4 to 9 inches deep. 

Le eae ZO () erecta ental oe meet tite ela aides use al ine 

poprieeneni (trys Ne Peel) Nes ea | [areca  Rie Teg nee Yee CBU) a 

AS Ls fehO) HS Re L a DS Rela ik at eStore a ar ES aU 

acaalladouse ELISA (| Eee eye | ete Nex ghar ice ib IRON ete 

Wares 0 TSO ae AL ea NM Le Nt 
2s Ae ge an Is LR seer seaee cee ian ah a me a IE 

sca uae ensee PERSO) epeasetindeec in| ee rietogy elles iran MIME Mason ly 
| 

pointe (ER Gta oi PPO EXC) Kee pera a la ea taal Raise neeUN aE 

2h ON Sif RSI ag ALF () epee Seen ae RSet ee Na KL 

ps sbonntarae a PsA () titer ara pealhe ee | Ce per ueyal i uae alec nw. i)? 

Ryerss [ieee NY E170) peated SOU Ue oe aE aL MMe DA Ec Lath 

ae Bae Reveal 1.60)..........| Mostly seamy ba- 
saltie rock. 

3 Une | Beis iO) | eset ee eral hice ries as a lo Mee eee at 

foe ae A OS 20 Bae: Bo) Ps acy Cm EE 

| 

Wiper | HD - 65 1 4 |Search chy aba 

Source of informa- 
tion. 

Records of office 
State engineer of 
of Utah. 

Report O. L. Waller, 
O. E. S. Bul. 104, 
1900. 

Report S. O. Jayne, 
O.E.S. Bul. 188. 

Report J. C. Stevens, 
Trans. Am. Soc. 
C. E., vol. 71, p. 
339, 1909. 

do 

Remarks, 

5 feet fall. 

2 feet fall, ground saturated 
from recent rains. 

1 foot fall. 

2 fect fall. 

2 feet fall. 
3 feet fall. 
4 feet fall. 

2 feet fall, flowing a much 
larger stream a few hours 
before. 

2 feet fall. 

7 feet fall. 
2 feet fall. 

21 feet fall. 

3 feet fall. 

7 feet fall. 

Measured Oct. 31, 1900. 

Measured Sept. 9, 1904, De 
Moss’s bridge to flume No.1 

Measured May 11, 1906, De 
{ Moss’s bridge to flume No.1 
Measured Sept. 27, 1906, De 
{ Moss’s bridge to flume No.1 
Measured Oct. 16, 1906, De 
{ Moss’s bridge to flume No. 1 
Measured Sept. 27, 1906, 
{ fume No. 1 to flume No.2. 

0. 
{ Measured Sept. 9, 1904, flume 

No. 1 to flume No. 3. 
Measured May 11, 1906, flume 
{ No. 1 to flume No. 3. 
Measured Oct. 16, 1906, flume 

No. 2 to flume No. 3. 
{Measured July 3, 1906, flume 
\. to Butterfield’s bridge. 
Measured Aug. 21, 1906, flume 
{ to Butterfield’s bridge. 
Measured Aug. 21, 1906, flame 

to northeast corner section 
21. ; 

Measured July 6, 1906, ceme- 
tery to Rankin hopyard. 

Mean of continuous measure- 
ment, Apr. 16 to Sept. 15- 
1909. From intake to 3C- 
mile station. 

Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. From 30-mile station 
to 48-mile station, 
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TABLE I.—WSeepage 

g 7 Dimensions of | i 
= Section measured. canal: 

E By ig 
5 5 Ss |%3 ais ee 
8 Ey se |8.| g | & 3 Canal and stream or locality. gi = a ee £ x 8 s a 

3 | feus! = ‘a 3 on 3 a a = 

e | og *) 8 Se eles es C8 g 
top| iete | is sa|/38/ 2 Z = 
Sige ee yea = so] 
5 Co) = Sis i) ® “o ° 
4 = ia = |e 4 > a a | 

i 
| Feet 

Washington—Continued. | per | Sec See; | Ber 
| Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet..| feet. | cent. | 

Sunnyside main line, Yakima ....| 12.0 | 1295 0)5 223= jeer oe | eeu lelcase 99.0 | 21.0 | 16.30) 
River. | | | | 

Sunnyside, Snipes Mountain Lat- .... 9.0 | 89/0). 22... toes | Oe Soak eee 57.0 | 12.0 | 13.50 
eral, Yakima River. | 

Wyoming. | | | 

pot! Fey A hapees ate eee eee ae Besse 00.0 4.35 4.85 

Wheatland No. 2, Laramie River.... 2) 1.50 | 

BO Diet on yeeeen| eee eee 0.0 1.46 4.00 

| | Ca] Neel Meee Eres eee 0.0| 4.23) 4.96 
DOM aan eee este neer |} 2 2.50 H 

aes: y's | Rees Oe | 0.0| 1.05 2.99 

| BT ede alte eerated [ta att cee 0.0| 3.06, 3.77 
DORE teacen ae one amen es 2 2.40 | 

SAU (leeeee | ane soe eee aeons 10.95) 1.27) 1.79 

{ATAU ecules parser ..---| 25.79] 2.78] ° 3.56 
1) Oe eee Some ae 2) 4.40 | | 

| re | Spel eee eee eee 12.05} 12.03} 1.87 

AQUAI Saal! Sees |e ye sol gee | 0.0] 20) = .40 
IE) OSes See sen oeereae eaaee ee | 2 1.70 | 

| UA ecsce| Scant legesddlseoben 0.0, 1.07) 8.04 
| | 

gL eee ees ee ee ee 20.88 48 97 
Bae cea eeen acco eee ea } 2} 2.17) | 

| | 07674 Bree eel (cde seer aeel Pea eer) 5. 64) 19} 1.56 

BOs pees te Sere eee 1] 2.38 ya) Rees eee Metres ener } 12.31; ..15] .54 
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measurements—Continued. 

~~! 

Loss per mile. 

Loss per 
square 
foot of -| Character of material 
wetted in the channel. 

Maxi-| Mini- area in 
mum./mum. Mean. 24 hours. 

SGP AN JEG WW Tae 
cent. | cent. | cent. | Cu. feet. 
(So oe 1. 36) YU (654 I ee ea ee ae 

Saaeeclaeaene 1. 50 De 28 e eieie mine ieiaheyelenniete=iaisi= == 

See she eee OP OO | ites erate | Prete eM aes Blok as ped Ya 

Be etl pa eee POS A esa em oko WA ange Nar en rE a 

SESE Sees PAROS | Rysh es 2 SAE DAES Ee ee eevee nee Rd 

pe eee reese 5150010) ie eee nl Cr he ies oe 

eet al ee STIR ae Bee crest Mattes toe ce eee a eee 

re 1 (|e ede eee cae rae 

lee Beier te Buti ea cu el Teall cag) 

sangsel bsenas LEO ess laa tere nee anime erat ciate 

Seah eee EDA erent sae lINSS ayyare, teat wom ar eet = 

SSEsst bs seer | Air Se ec ieiara | Byer el aoe ap eras eae aS 

Sols ia BURR, WPepedaton si DNity En SE eke ie ei 2 

Sea Pea iD poate IES | Pe Mga MNeceaiae Mel 

SSee EE Sooo ae LO e ea aie oe ei tal| cisiais Sravele rere cieaaeelnctats 

Source of informa- iors Remarks. 

Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. From 48-mile station 

Report J.C. Stevens, 
Trans. Am. Soc. 
C. E., vol. 71, p. 
339, 1909. to 60-mile station. 

mee 0.....----------| Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. 

Measured July 9-11, 1900, 
from station 1 (headgate) | Report Clarence T. 

Johnston, O. E.S. 
Bul. 104, 1900. to station 2. 

Measured Aug. 20-22, 1900, 
epee do........-...-..|, from station 1 (headgate) 

\{ to station 2. 
do |fMeasured July 9-11,1900, 

REE rate aha pea ea al from station 2 to station 3. 
HO jMeasured Aug. 20-22, 1900, 

Hee UE TT a MR TS '\. from station 2 to station 3. 
d {Measured July 9-11, 1900, 

DoHES Wbecseer ey from station 3 to station 4. 
Gt) |{Measured Aug. 20-22, 1900, 

Pana ern ale aie nem ee ‘\. from station 3 to station 4. 
ao Here July 9-11, 1900, 

Sonetie apes erae socio Sater Te from station 4 to station 5. 
Ate | erase Aug. 20-22, 1900, 

POET ei Tone ea Payte Pe '\. from station 4 to station 5. 
ao eine July 9-11, 1900, 

Shc RS eee ar from station 5 to station 6. 
ale {Measured Aug. 20-22, 1900, 

Be maar oats Was ea \. from station 5 to station 6. 
do Nae ters July 9-11, 1900, 

sey ered ages oN aNONIa ee ‘\\. from station 6 to station 7. 
an ace Aug. 20-22, 1900, 

vi esaroetiar? Sue hes eee ag man oe from station 6 to station 7. 
are do............--.| Measured July 9-11, 1900, 

from station 7 to station 8. 
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FACTORS AFFECTING SEEPAGE. 

It is not within the scope of this publication to include a detailed 
discussion of the various factors influencing seepage, but in order to 
form a reliable estimate of the loss by seepage from a proposed 
canal, the principal factors should be carefully considered. Briefly 
these are: 

(1) Size and shape of grains and general character of materials. 
(2) The gradual deposition of silt. 
(3) Depth of water over the wetted perimeter. 
(4) The relation which the wetted perimeter of the canal bears to 

other hydraulic elements. 
(5) Velocity of water in canal. 

(6) Inflow of seepage water. 
(7) Temperature of the soil and the water. 

A study of the results of the measurements secured brings out the 
close relation existing between the unit loss as expressed in percent- 
age of flow and the size of the canal. Three hundred and twenty- 
three separate and distinct sets of measurements are grouped in 
Table II according to the capacity of the channels. It is interesting 
to note in this table the fairly constant decrease in the average loss 
in per cent per mile as the capacity increases. 

TaBLE II.—Summary of seepage measurements expressed in terms of per cent of total 
flow lost per mile of channel for various sized canals. 

Capacity of canal (second- | Number pats = Capacity of canal (second- Number ae eke 
feet). of tests. rae feet). of tests. pert ae 

Per cent. Per cent. 
Ges than de cce See mewiow scietses 16 250) |e OU UO FOr ocarex o’eictajarn<iniaiaie =, sielereis 31 4.3 
MLO De amescetee scence as ek 37 20825 | lw Ore OsLOO8 Ser ae teens ee 26 vk 
PROMO eeamacceeis cases sos oes 30 Led LOO CO: 2008 Soares (tate aac 45 1.8 
INO) Wo ie ere Seer i 49 LOS e200 COR00-2 ee eee ease eee 27 Wa} 
OLU OO Vie aeeseta oc Sle eeiotc ine . 48 De) || S00 andl OVer 2-2-2. seen ee 14 1.0 

THE CARRYING CAPACITIES OF CONCRETE-LINED CANALS. 

The laws governing the flow of water in concrete-lined channels do 
not differ from those for any other waterway. The force of gravity 
which produces motion in the water of a canal on a given grade is 
usually quite evenly counterbalanced by the various conditions which 
retard flow. These retarding influences are: (1) The frictional re- 
sistance of the wetted perimeter of the channel; (2) the influence of 

air in motion; (8) the existence of sharp curves, projecting objects, 
and irregularities of cross section, alignment, and grade; (4) the 
presence of sand, gravel, stones, or other shifting material; and (5) 
the presence of aquatic vegetation in the water or any rough coating 
on the perimeter of the canal. 
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_ The study of hydraulics has not yet reached that stage which will 
justify the assignment of definite values to the various influences 
which retard flow and thereby lower the efficiency of irrigation 
canals. One can do little more than consider all such factors collec- 
tively and designate them by the common term ‘‘frictional resist- 
ance.’ This has been done in the empirical formula known as 
Kutter’s, where the letter n, called the coefficient of friction, repre- 
sents not only the degree of roughness of the channel but all the 
other retarding influences to which reference has been made. 

All the data pertaining to the carrying capacities of concrete- 
lined canals procurable at this writing (March, 1914) have been assem- 
bled and summarized in Table III. These results have been de- 
rived from a number of sources and represent rather wide differences 
in channel conditions. They likewise represent the work of a num- 
ber of engineers who have employed somewhat different methods in 
making the necessary measurements. They are therefore not strictly 
comparable, but may be used as a basis for general deductions. 
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Taste I11.— Measurements of flow in concrete-lined canals giving hydraulic 

| 

| ral = 8 rd 
S = 3 

: Sh S 3 i ae g 
Canal and location. SeenGr. = ; e | BS a 3 

S a E=| ae On = on 
| n= 5, 3 = a & = 
| S 2 a me = iS) o 
| a 9 a |e 7) a 4 

Idaho. Feet.| Feet. |Sec.-ft. Feet. Feet. 
10 4.24) 294 2.75 |0.000237 | 0.114 484 

10 4.28] 294 | 2.76 | .000262| .229 875 

10 4.35} 294 | 2.81 | .000170 - 058 340 

10 4.30) 294 2.81 | .000237 401 1, 699 
10 4.58) 318 2.96 | .000245 408 1, 665 

Trapezoidal - a r Tasu baie Moka valley a.2.. slopes tt 10 | 4-15] 257 | 2.69 | .000242 | . 358 1,478 

tol. 10) pozez2 50: | 4280 leo c oes 1, 000-2, 400 
10. s-2e2¢ 103 Delt |e kek ee eee 1, 000-2, 400 
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+4. 16 2.17 92.5] 1.71 | .000187 ; 0.121 650 
aoe nie Trapezoidal |) 19 | 1/62] 54.5] 1.25 | 000452 | 167 369 

ing Hill, Snake River.......... fopes 2 10 | 1.62} 54.8] 1.25 | .000448 | . 248 556 
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AQT pees 1, 209 4.22 | .000312 -3l2 1,000 
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Oregon. 

Umatilla, U. S. Reclamation | Trapezoidal ne) eee 5.7| .58 | .00070 . 652 932 
Service project. slopes 1}4 

to 1. 
1 Ai 9| occas 205 2.13 | .00140 9 640 
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DO... 2. +e 02ers ee eee eee eeee Semicircular)) 14 9). 205 | 2.15|.00273 | .6 220 

pe. S| ar 205 2.12: 1 0077 1.9 1,078 

1 Radius, 
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Kutter’s 
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formula. 
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Method of meas- uring discharge. 
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uring slope. 

Level and 
hook gage. 

Level and 
hook gage \ 
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every 
200 feet. 

Edoze 

Level and 
hook gage. 

ere Osseo 

Level and 
gages. 

edoseetes 

Condition of surface, 
etc 

Remarks. 

Lining consists of 34 
inches concrete 
base with 4 inch 
mortar coat. 
Depth 6.5 inches 
with 1 foot con- 
crete berm on top. 
Maximum depth 
of water 6 feet. 
Surface equivalent 
to sidewalk finish. 

{ Sameas above. Sur- 
face very smooth. 

Lining inches 
aie and tamp- 
ed; no surface coat; 
rough finish; no 
moss. 

Rough troweled sur- 
tace. First meas- 
urements had con- 
siderable rock and 
stone in bottom, 
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small quantity. 

Much gravel in bot- 
tom. 
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bottom. Concrete 
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grated due to ireez- 
ing during con- 
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Concrete troweled 
to smoother sur- 
face. 
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joints. 
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irregular undulat- 
ing surface. 
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Reverse curve; a 
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cobblestones. 
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later, More 
gravel on bot- 
tom. 
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Partly tangent.... 
Nearly all curves. 
One curve 
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above two. 
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Tangent 
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Records of U. S. 
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Service. Meas- 
urements by W. 
G. Steward un- 
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ords of Office of 
Trrigation Inves- 
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urements by 
Don H. Bark. 

pce OL Wins: 
eclamation 

Service. Meas- 
urements by W. 
G. Steward un- 
der po ection of 
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Do. 

F. C. Scobey, Irri- 
gation Investi- 
gations. 
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B. P. Fleming, Ir- 
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F. C. Scobey, Irri- 
gation Investi- 
gations. 

Records of U. S. 
Reclamation 
Service. 

Do. 
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TasBLE II1.— Measurements of flow in concrete-lined canals giving hydraulic 
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Oregon—Continued. Feet. | Feet 
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California. 
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1 Radius. 

Discharge. 
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an I iat 

Mean hydraulic 
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- 000417 

- 00050 
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- 0206 

- 0144 
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0.6 
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900 
900 
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1,300 

3, 000 

206 

743.3 
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elements, value of ‘‘C” in Chezy’s formula and ‘‘n” in Kutter’s formula—Continued. 
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EGROT but projected in ments; depth rigation Investi- 

- ‘(Current iheea Hae |} some cases from 14 0.83 to 2.18.2 gations. Meas- 
3.16] 112 | .0142)| meter. fae ae to 2 inches above |) Mean of 5 measure- urements by E. 

aa OG surface and im- ments; depth 0.8 R. Barrett under 
a ee ot peded flow. These to 2.27.2 direction of W. 

2.55} 99 | .0156 sine were more frequent}| Mean of 5 measure- W. McLaughlin. 
aE in the upper por- ments; depth 

tion. There was 0.67 to 2.33.2 
3.89} 110 | .0144 also some gravel || Mean of 8 measure- 

on the bottom in ments; depth 
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TasLE II1.— Measurements of flow in concrete-lined canals giving hydraulic 

Canal and location. 

California—Continued. 

Santa Ana main canal, near Ana- 
heim. 

Modesto Irrigation District main 
canal, near La Grange. 

Arroyo Ditch & Water Co.’s 
main canal, near Whittier. 

Los Nietos Water Co.’s main 
canal, near W hittier. 
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elements, value of “‘C'” in Chezy’s formula and ‘‘n” in Kutter’s formula—Continued. 

Velocity feet per 

second. 

1.67 
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in Kutter’s 
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deposit. 
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bottom. 

| F. C. Scobey, Irri- 
gation Investiga- 
tions. 
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Perhaps the most important conclusion to be drawn from tbe 76 
measurements of the 18 canals summarized in the table is that the 
so-called coefficient of friction m is on an average larger than has 
usually been assumed by engineers. The results show that only in 
rare cases, where conditions are more or less ideal, is one justified in 
assuming a value as low as 0.012 for n. The Ridenbaugh Canal of 
the Nampa and Meridian irrigation district of Idaho, shown in Plate 
XVII, figure 2 (p.80), belongs to this class. The flow in this concrete- 
lined canal has been measured by at least five engineers and their 
average result as regards the value of n is a trifle below 0.012. In the 
results given in the table, one also finds a value of n as high as 0.0197 
and five others greater than 0.018. Again, in the concrete-lined canals 
of southern California a coating consisting of a vegetable and mineral 
accumulation was found adhering to the perimeters. The effect of 
this coating on the flow of water is seen in the high coefficient of 
friction for these channels as given in Table III. This coating may 
be observed in Plate I, figure 1, which shows a portion of the Santa 
Ana Canal near Orange, Cal. 

The folowing approximated values for n may serve as a guide to 
those who are required to estimate, prior to construction and opera- 
tion, the discharge of lined canals. 

I. n=0.012 for concrete-lined canals having a smooth sidewalk 
finish, clean bottom, no moss, uniform cross section, well-formed 
joints, long tangents, flat spiral curves, no perceptible undulations 
on the surface of the water, and in general the best construction and 
the best conditions obtainable in practice. 

II. n=0.013 for concrete-lined canals having conditions slightly 
better than those of Type HI and not so good as those of Type I. 

Ill. n=0.014 for concrete-lined canals having an unplastered or 
rough troweled surface, clean bottom, uniform cross section, well- 

formed joints, medium curvature, no spirals, slight surface undula- 
tions, no aquatic vegetation, and in general good construction and 
favorable conditions. 

IV. n=0.015 for concrete-lined canals having conditions similar to 
those of Type II, but with greater curvature and some débris or 
other retarding influences. 

V. n=0.016 for concrete-lined canals of average workmanship and 
medium conditions, having a rough surface, imperfect joints, and 
sharp curves; also for canals of smooth lining and good workman- 
ship, but having one or more unfavorable conditions, such as sand 
and gravel in the bottom or projecting joints which decrease the 
velocity of water. 

VI. n=0.017 for concrete-lined canals roughly coated, but other- 
wise in medium condition. 
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VII. n=0.018 ! for concrete-lined canals coated as in Type VI and 
having the bottom more or less covered with sand and gravel, or else 
a clean bottom but poor alignment, irregular cross section, broken 
gradient, or the like. 

OTHER KINDS OF LINING. 

Experiments were made by this office in 1906 in cooperation with 
the University of California * to determine the cost and relative merits 
of different kinds of canal lining. A series of short experimental 
ditches were excavated in a field in Stanislaus County, Cal., about 4 
miles east of the town of Modesto. The channels used were 50 feet 
long, had a bottom width of 2 feet, a depth of 2} feet, and a slope of 
14 to 1 on both sides and ends. 

The experiments were continued under the direction of the writer 
the year following on the same site, and a similar set of experiments 
were also conducted on the university farm at Davis, Cal. The 
results obtained in 1907 at both sites did not agree with those pub- 
lished in the progress report and in consequence the final report was 
not published. The belief is quite general, however, that the report 
of the results obtained in 1906 * tended to give erroneous impressions 
as to the relative merits of certain kinds of linings. This is especially 
true of oil liming. The Lemoore Canal & Irrigation Co. of Kings 
County, Cal., was cited as an example where heavy crude petroleum 
containing a high percentage of asphaltum had been successfully 
used in lining 14 miles of their main canal. It would appear that 
this experiment did not prove altogether satisfactory since the com- 
pany which tried it has discontinued the use of this kind of lining. 
Other investigations have shown that oil lining is not effective for a 
long period of time. Even in California where a heavy oil containing 
a large percentage of asphaltum can be purchased for about 2 cents 

per gallon, practically no canals have been lined, to the writer’s 
knowledge, with this material in the past five years. 
When lumber was cheap and cement expensive it was common 

practice in the West to line the weak and leaky portions of canals 
with lumber in the form of flumes. The short life of wood, particu- 
larly where it is in contact with moistened earth and exposed to the 
air, the high cost of maintenance, the high cost of lumber, and the 
somewhat lower cost of cement have all tended to lessen the use of 
wooden lining. 

Reference has already been made to the advantages of a natural 
lining of silt derived from the earthy impurities borne by the water 
in the canals. A clay puddle may likewise serve as an effective bar- 

1 The value of 7 for some concrete-lined canals exceeds 0.018. In such cases, however, the increased car- 

rying capacity due to lining is counterbalanced or nearly so by deposits of débris in the bottom, aquatic 

vegetation, or other causes. 

2 California Sta, Bul. 188 (1907), 
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rier against the escape of water. If the bottom of a new canal in 
porous material is covered with a layer of clay, moistened, and then 
used as a feeding ground for domestic animals it may be rendered 
quite impervious. Some of the thoroughly worked clay can after- 
wards be removed from the bottom and placed on the slopes. When 
domestic animals are not available to mix the clay, it should be done 
by harrowing and packing. A layer of coarse gravel spread over the 
clay lining and tamped into it may prevent the erosion of the clay 
and render it more effective. 

THE ECONOMY OF CONCRETE LINING. 

In determining the economy of concrete lining for a given canal, 
one has to consider and compare the cost and benefits of such work. 
Itemized statements of the cost of concrete lining for various canals 
are given in another part of this report. The principal benefits to be 
derived from lining are briefly discussed under the following heads: 

(1) Seepage water and its value-—The possible saving in seepage 
losses by lining can be readily determined for canals already in use, 
and the portions in which this is important can be located by measure- 
ments of the discharge. In some cases the loss in short distances 
may be sufficient to make the lining of these desirable, although it 
would not be practicable to line the canal as a whole. 

In the case of a new canal, a reasonably close estimate of the seep- 
age losses which are likely to occur may be made from the data given 
in Table I. 

In nearly every irrigated district of the West water which can be 
saved through the prevention of seepage has a value. As the demand 
for water increases the value of any saving will also increase until 
methods of canal lining at present too expensive to be considered may 
become practicable. The value of the water which may be saved 
varies widely in the different portions of the country. On the larger 
systems now being constructed, water rights are being sold for from 
$25 to $50 per acre, and in some cases for even higher prices. 

Based on the final estimated cost and acreage included, the average 
estimated cost per acre July 1, 1910, was $48.14 for the United States 
Reclamation Service projects and $21.75 for the Carey Act projects. 
The duty of water delivered under these rights is also variable and 
will probably average 1 second-foot to 100 acres. Inasmuch as any 
saving in canal seepage can be delivered to the user with small addi- 
tional loss, each 0.01 second-foot saved should make it possible to 
serve another acre. The additional expense required for such irri- 
gation would be for the lateral system only, as the storage and diver- 
sion works would not be affected. On this basis each second-foot of 
water which can be saved should have a value of from $2,500 to $5,000. 

Allowing $750 for the additional cost of the distributing system leaves 
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Fic. 1.—SANTA ANA CANAL NEAR ORANGE, CAL. 

Showing moss and mineral accumulation on wetted surface.) 

Fic. 2.—ByY-PASS CHUTE, ORLAND PROJECT, U. S. RECLAMATION 

SERVICE, ORLAND, CAL. 

(From a photograph furnished by A. N. Burch, project manager.) 



if 



CONCRETE LINING FOR IRRIGATION CANALS. 49 

$3,000 as a general average for the value of each second-foot saved by 
lining. 

(2) Increase in carrying capacity.—The volume carried by a canal 

in earth is as a rule much less than that carried by a concrete-lined 

canal of the same dimensions and grade. ‘This is due to the smoother 
perimeter of the latter, and its greater uniformity in cross section, 
alignment, and grade. The discharge of a typical canal in earth 
having a mean velocity of 2.5 feet per second and a coefficient of 
friction (n in Kutter’s formula) of 0.0225, may be increased from 25 

to 80 per cent by lining with concrete. A gain of 25 per cent in the 
volume carried is readily obtained as the result of lining, but to 
secure a gain of 80 per cent involves the construction of first-class 
lining and conditions favorable to the maximum discharge of water 
in such channels. 

(3) Reduction of charge for operation and maintenance.—On many 
systems, particularly where the canal follows a side hill, much dif_i- 
culty is encountered from breaks on the lower bank when the canal 
is crowded to its full capacity or when an opening may be made by a 
gopher or other burrowing animal. A concrete lining should pre- 
vent such breaks except in cases where the water overtops the bank 
due to stoppage or other causes. Faulty location of the canal and 
weak places developing later can very often be largely corrected 
by a good concrete lining. Where the original grade is such that 
scour occurs, or where excessive curvature causes cutting of the 
sides, a similar remedy may be used. Maintenance charges also 
will be materially reduced by the lessening of weed growth and the 
prevention of the shifting of the channel through scouring. In 
some systems the fall of the country is too great to be taken up by 
the grade of the canal and many drops are required which may 
form a considerable proportion cf the cost and necessitate bigh 
maintenance expenses. The use of a concrete lining frequently 
permits a sufficiently high grade to be used so that no drops are 
needed, the saving in these structures paying part of the cost of 
the lining. 

(4) Insurance against damage to crops.—As the losses from the 
lack of water at critical times during the irrigation season are often 
much greater than the actual cost of repairs, a portion of the cost 
of any canal lining may be considered as an insurance against such 
accidents. An instance of this occurred on the Turlock Canal, of 
California, in 1910, when a break thought to have been due to a 
gopher hole caused 1,000 feet of the main canal on a steep side hill 
to be washed out. The canal was out of service for six weeks during 
the period when water was most needed for crops. The actual 
cost of repairs was $20,000, but the estimated damage to crops was 

$1,000,000. 
48307°—Bull. 126—14——4 
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SUITABLE GRADES FOR LINED CANALS. 

In deciding upon suitable grades, cross sections, and alignment 

for lined canals, one has to take into account the two types of canals 
which are lined. One of these is represented by the canal in opera- 
tion designed for earth, the other by the new canal designed’ for 
concrete lining. 

The grade which is suitable for a canal in earth is not the most 
economical grade for the same canal when lined with concrete. It 
is not, however, feasible to make any material change in the grade 
of an old canal preparatory to lining it. The irregularities can and 
should be removed so as to secure a uniform gradient, but more 
than this can not be done without changing the location. 

The discussion of suitable grades must therefore be confined in 
this report to new canals intended to be lined before carrying any 
large percentage of their maximum capacity. Disregarding all 
other features and considering only the most economical method 
of conveying water, the steep grade with its correspondingly high 
mean velocity is best. The fact is now fairly well established that 
water can pass over a concrete surface at a high velocity without 
injurious effects. It is only when fast-flowing water strikes against 
concrete or is obstructed by it that damage is likely to result. Mr. 
A. P. Davis, chief engineer of the Reclamation Service, cites a case? 

in which a concrete chute on the south canal of the Uncompahgre 
project, discharging 300 cubic feet per second at a velocity of over 
20 feet per second for one year, not only showed no perceptible wear, 
but it had acquired a growth of slimy moss over the concrete surface 
subject to this velocity. 

In the summer of 1913 Justin T. Kingdon, of this office, made an 

examination of a concrete chute (Pl. I, fig. 2) on the main canal of 
the Orland project, Orland, Cal. The canal maintains a fairly 

constant flow throughout the season. It was measured shortly 
after the observation and found to be discharging 84 second-feet of 
water which at the bottom of the chute had a velocity of 17 feet per 
second, and like the south canal of the Uncompahgre project, this 
concrete showed no wear on its wetted area, and the growth of slimy 
moss which it had acquired was especially noticeable over that 
portion of the surface subject to the highest velocity. 

It would therefore appear that the permissible velocity in lined 
‘ranals depends largely on considerations other than damage to 
the lining. The mention of three of these causes may serve to 
make this statement clear. Assuming that a concrete-lined canal 
will successfully withstand velocities up to 20 feet per second, the 
fall necessary to produce such velocities must be considered, since 

1 Eng. News, 67 (1912), No. 1, p. 20. 
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the sacrifice of so much head might entail greater cost than the build- 
ing of a larger canal on a lighter grade. 

Again, the extra cost and inconvenience in making suitable turnouts 
to divert water from such a canal would serve to lessen the advan- 
tages gained by having a high velocity. 

Lastly, pulsations are a common feature in all channels in which 
the water flows at a high velocity. The water surface consists of 

irregular waves which travel at various distances apart and an 
extra height of lining is required to prevent the waves from over- 
topping It. 

It is believed that a mean velocity of between 8 and 10 feet per 
second is about as high as should be adopted in lined canals under 
ordinary conditions. 

ALIGNMENT OF LINED CANALS. 

Tn locating a new canal for concrete lining, sharp curves should be 
avoided if possible. The reduction of curvature in a location over 

a rough country with steep slopes may increase considerably the 
amount and the cost of excavation, but this additional expense may 

be more than compensated by the advantages gained in having flat 

curyes. 
In flowing around curves the surface of the water tends to rise on 

the outer side due to centrifugal force. The height to which it will 
rise in any given case will depend on the velocity of the water and 
the sharpness of the curve. In order to maintain a uniform height 
of lining above the water surface of the canal, the practice has been 
to raise the outer lining. In the case of the Tieton main canal of 
the United States Reclamation Service, Yakima project, Washing- 

ton, on the sharpest curves, having a radius of 57.6 feet and a velocity 
of 9 feet per second, the superelevation amounted to about 1 per cent 
of the width. 

The presence of a large number of sharp curves likewise increases 
the cost of both the earth trimming and the laying of the concrete. 

In railroad location it is customary to limit the curvature within a 
certain fixed maximum regardless of expense, but in the construction 
of irrigation canals, on account of the wide range permissible, it has 
not been customary to fix any such limit. The expense of excavation 
required to lessen curvature should be balanced against the cisad- 
vantages and extra cost of lining sharp curves. 

THE EFFECT OF ALKALI ON CONCRETE LINING 

Throughout the West are to be found here and there instances of 
concrete construction having been disintegrated through the action 
of alkali salts. While some uncertainties remain regarding the exact 
nature of such action, there seems to be no question but that the prin- 
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cipal reason for it arises from the reaction between the various alkali 
salts and the calcium hydroxid of the cement. The new compounds 
formed have a greater volume than the replaced hydroxid and their 
formation weakens or destroys the concrete by forcing apart the 
particles of cement. In order for this action to occur it is necessary 
for the water containing alkali to percolate into or through the con- 
crete. Under field conditions ! ‘‘these reactions referred to are much 

Fic. 1.—Briquets showing repellent action of oil-cement concrete on alkali water. (From tests by 

the Office of Public Roads, United States Department of Agriculture.) Top row contained 10 per 

cent of semiasphaltic oil; middle row contained 5 per cent of semiasphaltic oil; bottom tow con- 

tained no oil. Briquets were immersed one year in a 10 per cent solution of sodium sulphate. 

retarded if not entirely suspended in most cases, due probably to 
the carbonization of the lime of the cement near the surface or the 
formation of an impervious skin or protective coating by saline 
deposits.” 

It is also doubtless true that ? ‘‘wetttng and drying or freezing and 
thawing will hasten the destruction of the cement by extending the 
cracks already started.” 

1U.8. Dept. Com., Bur. Standards Technol. Paper 12 (1912). 

2 Montana Sta. Bul. 81 (1910). 
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_In experiments with oil-mixed Portland cement concrete,' the con- 
crete was damp-proofed by the incorporation of semiasphaltic oil. 
In hand mixing, the sand, cement, and water were first mixed to a 

mushy consistency, the oil added and mixed until no trace of it was 
visible on the mortar surface, and then the broken stone or gravel 
was mixed in. In machine mixing the sand, cement, and water were 
first mixed to a mortar followed by alternate batches of stone and 
oil which were added and mixed. The proportion of oil used was 
based on a comparison of its weight to the weight of the cement used 
in the concrete. The results of tests show that oil-mixed mortar, 
containing 5 to 10 per cent of oil, is dampproof as well as water- 
proof, and indicate that its use may prove desirable in the construc- 
tion of irrigation canal linings exposed to the action of alkali (fig. 1). 

Good practice in concrete lining construction where alkal must be 
reckoned with necessitates the following precautions: 

(1) Do not use sand, gravel, or water containing alkali. 
(2) Keep soil waters charged with alkali from coming into contact 

with the concrete by the use of suitable drainage. 
(3) Give careful attention to the proper proportioning of materials 

and use more cement than is needed to fill the voids. 
(4) Protect the surface by a thin plaster coat of dense mortar of 

eranular sand. 
(5) Both the concrete and the mortar used for the lining may be 

dampproofed by the addition of 5 to 10 per cent of semiasphaltic oil 
when mixing the materials. 

THE EXPANSION AND CONTRACTION OF CONCRETE. 

FIELD TESTS AT LOGAN, UTAH. 

During the summer of 1913 field experiments were conducted by 
Prof. B. P. Fleming, of the State University of Iowa, working under 
the direction of this office, at Logan, Utah, for the purpose of deter- 
mining the coefficient of expansion of concrete slabs. An effort was 
made to secure conditions as nearly as possible like those found for 
canal linings. It will be noted, however, that the slabs were not 

tested to find the effect produced by being wet on one side. 
The variations in length were measured with two micrometer 

microscopes focused upon lines in the highly polished tops of two 
steel pins projecting above the surface of the slab, one at each end. 
This device permitted making direct readings from the micrometer 
scale, giving measurements to 0.0008 of a millimeter. The ther- 
mometers used were graduated to 0.10° C. and could be estimated 
easily to 0.025°. All measurements of the slab length were direct, 
and no part of the apparatus was in contact with the slab. The 
idea of maintaining the latter condition was to prevent in every 
possible way influences which might affect the expansion of the slab. 

1U.S. Dept. Agr., Office Pub. Roads Bul. 46 (1912). 
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Except for a roller placed under one end, each slab was lying on 
ground composed mostly of loose gravel. 

The slabs were 12 inches wide, 6 inches deep, and-11 feet long. 
The steel pins inserted vertically in the top were spaced 10 feet apart, 
thus leaving 6 inches length of slab beyond the pin at each end. A 
wet hand-mixed concrete mixture was used for each slab, numbered 
1 and 2, and volumetrically proportioned 1:3:5 and 1:2:4, respec- 
tively. Each slab was of rectangular cross section throughout. 

The general average coefficient of expansion measured was 0.0000043 
for slab 1 and 0.0000042 for slab 2. 

LABORATORY TESTS AT THE STATE UNIVERSITY OF IOWA. 

In the fall and winter of 1913-14 the experimental work initiated 
at Logan, Utah, was continued in the laboratory of the State Univer- 
sity of Lowa under the same supervision as before. 

The sand and gravel used were taken from the bed of Iowa River. 
This raw material was screened through a 1-inch mesh screen and 
again through a 4-inch mesh screen. The material failing to pass 
the latter screen was considered gravel. The sand was unscreened. 
but it was fine and clean. 

Three horizontal slabs were cast with the same dimensions as those 
made at Logan. The apparatus and equipment were practically 
the same, except that the laboratory permitted a somewhat careful 
control of influencing conditions not possible in the open-air work. 
In addition, a specially devised apparatus permitted the making of 
observations for change of length within 30 minutes after water had 
been added to the dry materials used in making the concrete. Brass 
pins with their upper ends highly polished were used instead of steel 
pins. The methods employed for temperature determination and 
control were quite satisfactory and it is believed gave results fully as 
accurate as the investigations warranted. 
Two slabs of seasoned concrete were used for determining the 

coefficient of expansion. <A third one was used to determine the 
influence on change of length due to setting. Each slab was made 
of hand-mixed concrete, using the materials composing the concrete 
in the following proportions: 

Proportions of materials used in making concrete slabs. 

Number of slab. 
i} 

Mixture. | 

1 2 3 

By volume: 
|=) bY) 0 Mee ear eRe Riera hed ae eM Ie Gt A RE RE ERC) Bh 5 5 Setarae ay ape tert 1 1 1 
Sand 3 2 3 
Gravel 5 4 5 

By weight: 
Water 100 12 75 
Cement ao 118 99 79 
Sand 319 203 244 
Gravel 552 441 431 
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The general average coefficient of expansion measured was 
(.00000627 for slab 1 and 0.00000632 for slab 2. 

Slab 34was kept at a temperature of about 80° F., though at times 
it fell to 70° and even 65° during Saturdays and Sundays. Daily 
observations were made early in the work, but later on observations 
were made only once a week. It is interesting to note (fig. 2) the 
immediate and rapid expansion following pouring, lasting about one 
week. This caused a change of length of about 0.00012 foot per foot. 
This action was doubtless due to the physical rearrangement of the 
particles of concrete in the process of crystallization. So far as its 
effect upon concrete lining for canals is concerned, if joints were not 
provided, it would cause severe compression of the slab as a whole for 
about a week or 10 days, which might cause a slight buckling and 
crushing. Where joints are used and filled with asphaltum or similar 
material the tendency would be to force some of it out of place, and 
for this reason the filling material should not be placed until about 
two weeks after the lining has been laid. It will be noted, however, 
that the expansion is only 0.012 foot in 100 feet, which accounts for 
its effect being of no marked importance in practice. 

It will also be noted (fig. 2) that following the expansion period in 
slab 3 there is a period of contraction lasting about 75 days and 
during which there is a total contraction at the rate of about 0.042 
foot in 100 feet, thus leaving the slab 0.03 foot shorter for a 100-foot 
length than when laid. If this factor were considered for a concrete 
lining, assuming that its contact with the material through which the 
canal were constructed would not retard the expansion, having a 
coefficient of expansion of 0.0000045, it would allow a total rise of 
temperature of about 67° F. before two adjoining slabs would be in 
contact after the contraction due to setting had been completed. It 
is evident, therefore, that if a slab were laid in the winter at a tem- 
perature of 40° F., the joints opened by contraction would not be 
closed until the slab had reached a temperature of 106° F. in the 
summer. Concrete lining is usually placed in canals during the 
winter or at least when the weather temperatures are cold enough for 
the above conditions to obtain. If the water carried in the canal is 
at a temperature of between 40° and 60° F., it is evident that the 
effect of contraction in concrete lining laid at corresponding tempera- 
tures will be most noticeable at a time when water-tightness is most 
desired. For this reason it is essential that some provision be made 
to secure water-tight joints. It may also be quite necessary to use 
some elastic material like tar paper to allow for expansion in excess 
of that which can be taken up by the space formed due to contraction 
in setting, for in some sections of the West temperatures are likely 
to be met which will cause this extra expansion, and unless a com- 
pressible material is provided buckling or crushing is very likely to 
occur. 
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_ In summing up the results of the experiments at Logan, Utah, and 
those at the State University of Iowa, it may be stated that for con- 
crete slab construction such as canal lining, where only one side is 
exposed and with the other side in contact with earth, a coefficient of 
expansion of 0.0000045 should be used, but in the case of concrete 
construction where all sides are subject to equal temperatures and 
are not under the conditions of moisture and earth contact found in 
canal lining and similar construction, a coefficient of 0.0000063 can 
be used with safety. 

JOINTS IN CONCRETE LINING. 

Owing to the fact that concrete lining expands in warm weather 
and contracts in cold weather, joints would seem to be an essential 
feature of such construction. Where no provision is made for expan- 
sion and contraction by means of joints, the concrete lining is certain 
to be subjected to high internal stresses, which increase in intensity 
until the lining is ruptured. These ruptures occur at the weakest 
points, and following the directions of least resistance result in 
irregular fractures which are difficult to repair. They frequently are 
so small and so irregular that it is practically impossible to introduce 
any filler into the seams. Even when this is done the alternate open- 
ing and closing of the fracture, due to changes in temperature, lowers 
and in time destroys the effectiveness of such repairs. 

On the other hand, joints in concrete lining constitute a weak fea- 
ture. In strength, durability, and water-tightness the best formed 
joint is inferior to the continuous lining. For these reasons, to which 
may be added that of extra cost, the distance between joints should 
be as great as possible consistent with changes in volume due to tem- 
perature and the adoption of suitable forms and proper methods of 
construction. 
When forms are used their length is usually limited to the size and 

weight which can be readily shifted by hand without the aid of special 
equipment. Even when the forms are of the simplest kind the 
methods of construction commonly employed place other limitations 
on the distance between joints. Again, in lining curves the frequency 
of the joints depends upon the degree of curvature, the sharper the 
curve the shorter the distance between joints. Notwithstanding 
these limitations, the tendency in the past has been to insert too 
many joints, particularly on straight portions of canals. 

The subject of joints in concrete lining is also closely related to the 
manner in which the lining is laid, whether continuously or in alter- 
nate sections. Joints which are adapted to one of these methods 
may be a misfit when applied to the other. In using either method 
it is advisable to break joints between the floor and the sides, as indi- 
cated in figure 3, a. : 
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KINDS OF JOINTS. 

Various kinds of joints are used to prevent cracks in concrete 
linings: 

(1) One of the most common is the plain abutting joint. This 
joint is simple, cheap, and easily made. Expansion, likewise, is pro- 
vided for in the frequency of the joints. It has, however, several 
weak features which render its use questionable. One of these is the 
lack of any bond between the sections. Were it not for the con- 
nection with the bottom at the toe each side section might be 

A. halt Coating | 254 
or Tar Paper On. 

gett ee Tete 3 
Gee 

Sheet Me 

Sd Reet PM ER, 
Stee! Dowel-pins , Ay Pipe and Dowel-pin 

» Ceol 

Fie. 3.—Typical joints for concrete-lined canals. 

regarded as a separate slab, liable to be thrust upward by pressure 
from behind or to fall backward when the earthen support is removed. 
Both of these effects are quite probable, and may be seen in the lining 
of the New York Canal of the Payette-Boise project (fig. 4). An- 
other defect is the difficulty experienced in filling the seam with any 
material which will render the joint water-tight, it being too narrow 
to calk. 

(2) The abutting joint is frequently modified by introducing one or 
more ples of tar paper (fig. 3, 6). While the paper provides for 
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extra expansion and renders the joint more impervious, it adds noth- 
ing to the bond between the sections. 

Fic. 4.—A broken joint in concrete lining, New York Canal, Boise, Idaho. 

(3) An interlocking device (fig. 3, c), consisting of a 4-inch strip 
of corrugated iron, was inserted in each joint of the lining of the 
North Side Twin Falls Canal, Idaho. If the metal strip is thickly 
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coated with asphalt before being inserted it may prevent leaks. The 
device likewise secures a fairly good bond. 

(4) A pliable metal sheet protected from rust, of the form shown in 
figure 3, d, has also been used for such purposes. When section A is 
being laid the metal assumes the form of a right angle, the vertical 
part being placed against the form. Before section B is laid the 
upper portion of the vertical is bent down to a horizontal position, as 
shown, 

(5) In the Ridenbaugh Canal of the Nampa and Meridian irrigation 

district, Idaho, tar paper was inserted between the abutting joints, 
which are spaced 16 feet 3 inches apart, and a good bond between the 
sections was secured by short 4-inch steel rods (fig. 3, e). 

(6) To overcome the objection of projecting rods in laying by the 
method just described, the plan of bonding shown in figure 3, f, has 

been devised, A socket is formed in sec- 
tion A by means of a short 4-inch pipe, 
and into this is inserted one end of a steel 
rod five-sixteenths inch in diameter and 
double the length of a pipe. This con- 
trivance adapts the joint to the alternate 
method of laying, as illustrated in fig- 
ure 3, a. 

(7) The form of joint used by the writer 

on the Snake Ravine retaining walls of the 
Turlock irrigation district of California is 

Fic. 5.—Sketch of joint used for . ; ALD 
conerete lining, Patterson Land Shown in figure 3, g. In laying the lining 
& Water Co., Patterson, Cal. in alternate sections the joint with its con- 

cave surface may be coated with hot asphalt or lined with tar paper 
before the adjacent section is laid. 

(8) In lining the Davis and Weber Counties Canal in Utah, a thin 

strip of wood coated with asphalt was placed in each joint and ex- 
tended through about two-thirds the thickness of the lining. The 
specifications called for the withdrawal of these strips and the filling 
In of the spaces with hot asphalt, but this was not done. As a result, 
many of the wooden strips became loose and project more or less 
above the surface of the lining, thus retarding the flow of water. In 
other respects the joint has proved satisfactory. (See fig. 3, h.) 

(9) A somewhat similar joint (fig. 5) was used by the engineers 
of the Patterson Land & Water Co. and the East Contra Costa 
Irrigation Co. On both canals, to which references are made else- 
where, the wooden strips were removed and the spaces filled with 
hot asphalt to within three-eighths inch of the surface, the re- 
maining space being filled with cement mortar. When inspected 
by the writer during construction he questioned the advisability of 
so wide a joint, and was advised that a smaller joint could not well 
be filled with asphalt. 
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(10) Where conditions are adapted to its use, the type of joint 
shown in figure 3, 7, possesses some advantages over those previously 
discussed. This is merely the carpenter’s shiplap or half-timber 
joint applied to concrete. It provides for all the expansion necessary 
without weakening the lining by too wide a joint space. It also 
permits a certain amount of ‘“‘creeping”’ in the section without mis- 
placement and furnishes an excellent opportunity to secure a water- 
tight joint by the use of an elastic material like asphalt. 

(11) In adapting the shiplap joint to thin concrete linings a greater 
thickness of lining is used at each joint. The sections shown in 7, F, J, 
and m, figure 3, represent this modification showing two joints and 
methods of construction, as designed by A. F. Parker for the lining 
of the Davis and Uinta Counties Canal in Utah. 

CONSTRUCTION METHODS AND COST. 

In submitting the following data an effort has been made to show 
as fully as possible what constitutes current practice throughout the 
West in the lining of old and new canals. The lack of space prevents 
taking up many of these features in detail, but it has been the aim to 
select representative work in the various localities and to point out 
not only the good features of such work but to call attention to 
doubtful practices in order to assist the engineer in the design and 
execution of similar construction elsewhere. 

PATTERSON LAND & WATER CO., PATTERSON, CAL. 

About three years ago a series of pumping plants was installed to 
raise water from the San Joaquin River to irrigate a tract of 14,000 
acres, comprising the bulk of what is locally known as the Patterson 
ranch. To prevent the loss of water by seepage the canals of this 
system were lined with a 3-inch layer of concrete and finished with a 
t-inch plaster coat. 

The main canal at the river end (Pl. II, fig. 1) has a bottom 
width of 7 feet, a vertical depth of 54 feet, side slopes of 14 to 1, and 

a capacity of about 110 second-feet. Its capacity is reduced at 
various points along its length, and at a distance of 24 miles from 
the intake the bottom width is 44 feet. 

After the excavation of each division the main canal was filled 
with water and allowed to soak for from 6 to 9 days. It was then 
trimmed and lined in 12-foot sections. The gasoline-driven concrete 
mixer had a capacity of 75 cubic yards per day, which provided 
material to line 300 linear feet. The position of this mixer when 
operated and the methods employed in elevating the material and 
delivering the concrete are shown in Plate IT, figure 2. The concrete 
used was a mixture of 1 part cement to 6 or 64 parts of sand and 
gravel. The plaster coat was proportioned 1:2 cement and river sand. 
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HAST CONTRA COSTA IRRIGATION PROJECT, BRENTWOOD, CAL. 

This enterprise, although much larger, is similar in design, purpose, 
and scope to that at Patterson. Mr. A. Kempkey, the engineer in 
charge, in writing of this project claims that some improvements 
have been introduced in the lining as planned over the lining used 
on the Patterson project. One of these is the insertion of two expan- 
sion joints at the toe of each slope and parallel to the canal axis. It 
is also proposed to apply the mortar coat by means of a cement gun. 
at an estimated cost of 1 cent per square foot of surface. 

The expansion joint used on both projects is shown in detail in 
figure 5, page 60. It has given good satisfaction wherever used in 
both canal and reservoir lining. A medium grade of asphalt, applied 
warm enough to flow readily but not smoking hot, is considered best 
to fill the jomts. In using this joint it is not necessary to place the 
lining in alternate sections, as a tapering strip of wood may be in- 
serted between adjoining sections. These strips can be afterwards 
removed and the joints formed by pouring asphalt into the grooves 
and applying a 4-inch coat of plaster on top of the asphalt. Plate 
Il, figure 1, shows the work of lming this canal in progress and in 
Plate IU, figure 2, is shown a portion of the completed canal lining. 

NORTH SIDE TWIN FALLS LAND & WATER CO., MILNER, IDAHO. 

This company lined 8,400 feet of its main canal to increase its 
capacity. The canal is carried for several hundred feet along a 
rough lava rock clifl and is 60 feet above low water in the river. The 
outer bank through this section is a concrete retaining wall. The 
remainder of the lined section is excavated almost wholly in solid 
lava. The grade varies from 0.001 in narrow places to 0.0002 and 
0.00025 in the wider sections. 

The canal was emptied October 10, 1909, and the work of preparing 
it for the concrete was commenced as soon as the channel had dried 
sufficiently. In places for several hundred feet from the headgates 
the canal bed was considerably below grade. The rock projecting 
into the canal section in the sides and bottom was blasted and 
smoothed, the low places being filled to subgrade with broken stone 
and puddled earth. 

An 8-inch thickness of concrete was applied to the sides of the 
rock sections and a 6-inch thickness to the bottom. The sides of 
the rougher rock sections were riprapped to secure a better align- 
ment and to save concrete. Cavities and large irregularities were 
back-filled with stones and puddled earth. It seems to the writer 
that the 6-inch thickness laid on the bottom of rock sections might 
have been reduced to 3 or 4 inches if the bed had been better pre- 
pared by the placing of finely crushed stone, compressing this mate- 
rial by rolling to secure an even surface and uniform grade, as is done 

in macadamized road construction. 
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The concrete was composed of a 1:3:6 cement, sand, and crushed 
stone mixture, but whenever a well-graded crushed stone could be 
secured sand was omitted and the concrete was made of 1 part 
cement to 6 parts crushed stone from which all particles over 13 
inches in diameter had been excluded. 

In earth sections the lining of the sides and bottom was 4 inches 
thick and had side slopes of 1? to 1. Expansion joints of corru- 
gated iron were inserted every 16 to 20 feet along the sides and bot- 
tom except in the bottom of the rock sections. These joints consisted 
of pieces of corrugated iron cut into strips 4 inches wide containing 
14 corrugations, these being designed to lock the edges of adjacent 
sections and to prevent slipping. (See fig. 3, c.) 

The side walls in the rock sections were supposed to have a slope 
of 1 to 4; but in many places where this would have necessitated the 
blasting of large amounts of rock, walls were made almost vertical. 
Heavy, collapsible forms of 2-inch lumber were used in placing con- 
crete for the walls which approached the vertical. The concrete 
was wheeled directly from the mixers and spread in uniform layers 4 
inches thick over the bottom and on the sides of the easier slopes in 
earth sections. Concrete placed within forms made of 4 by 4 inch 
lumber was compacted by tamping and finished by working 24-foot 
floats made of 2 by 6 inch timbers back and forth over the upper sur- 
face of the forms. Sixty cubic yards of concrete per day were some- 
times laid in this way by one gang working under favorable conditions. 
The sides and slopes were finished with a coat of cement mortar 
whenever the surface was rough enough to warrant it. 

The unusually high cost of this work was largely due to the diffi- 
culty of preparing the rock cut for the lining and to the absence of 
sand and gravel, which made it necessary to crush rock for the con- 
crete. However, a greater factor than either of these was the added 
expense due to the necessity of prosecuting the work during severe 
winter weather. To do this the canal was roofed over for a distance 
of 2,000 feet and the inclosed space warmed by specially constructed 
heaters, using sagebrush for fuel. The nature of the temporary 
roof and the method of heating are shown in Plate IV, figures 
land 2. The cost of labor and material was as follows: 

Cost of labor and materials for lining Twin Falls North Side Canal. 

MEAD Oners pera OU NOPMOUNSH: ils pe vege he ope oly oe a $2. 50 
Drillers epetmedayaoldlOshnourse’ 3.0 See ce ee Nema se Ske 2. 75-3. 00 
HIPAIMESTST (SECA) CT, GA eyer. ais. fee ci ese ae arenes aN APN 3. 00-4. 00 
Makanda reatibn perc ayeassagi ects (hit. a meal RAT ALAS DIAN yaaa Learnt ie he 5. 00 
Coalepertons teromprMillmorsat fs cele Ope Pn ANE ed cae has oe 6. 50 

Cementspen barrel ts oxbsgMalmen i): 25) a kee s aes ee ea eee 2. 59-2. 89 

Costol crushinorockwpexsCulble,vard joe al ad | sania! aon te | 
Gost on labor fonplacing; concrete, per cubic yard. sse2h 222s. ee. oo: 2.75 
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Complete cost of material, mixing and placing concrete for form work 

Onlyi Per CUDLeMVArC: Se iae? halenia, Ocoee ne on eee Ciera ae eee $8. 50 
Salle wathout Tomas: yw se) gists eas Cee eee ee ae ae 7. 50 

Cost cf rock excavation (light cuts from 0.4 to 2 feet), per cubic yard.... 5. 00 
Cost of placing riprap 1 foot thick, per cubic yard....................... 2. 00 
Total cost cf preparing 8,400 linear feet of canal for concrete............. 75, 000. 00 

Gross cost of lining 8,400 linear feet of canal. .................-..------ 200, 000. 00 

Average cost-of concrete; per cubic yard. aon ioc oe ee ee 8. 00 

MAIN SOUTH SIDE, OR NEW YORK CANAL, UNITED STATES RECLAMATION SERVICE, 

BOISE, IDAHO. 

This canal is designed essentially to carry flood water from a point 
on the Boise River 9 miles above Boise to the Deer Flat reservoir, a 

Fic. 6.—Showing method of setting forms on slopes for placing concrete lining in Main South Side, or 

New York Canal, U. S. Reclamation Service, Boise, Idaho. 

distance of 36 miles. Seventy thousand acres of land is also watered 
from the canal before the reservoir is reached. About 64 miles of 

the canal was lined to prevent seepage, increase the carrying capacity, 
and for the safety of sidehill sections where breaks frequently occurred. 

The canal is an old one, originally built with side slopes of 14 to 1, 
but the change and filling up of the section common to old canals 
necessitated considerable preliminary work in the removal of very 
gravelly earth and in shaping the sides before the concrete could be 
laid. The lined section has a grade of 0.00025 to 0.00032 and slopes 
of 1}to 1. Forms of 4 by 4 inch lumber were placed upon the slopes 
and aligned, as may be seen in figure 6, after which the surface 
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Bul. 126, U. S. Dept. of Agriculture. PLATE III. 

FIG. 1.—LAYING CONCRETE LINING IN CANAL OF EAST CONTRA COSTA IRRIGATION 

PROJECT, BRENTWOOD, CAL. 

Fic. 2.—CONCRETE-LINED CANAL OF THE EAST CONTRA COSTA IRRIGATION PROv- 

ECT, BRENTWOOD, CAL. 
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Fig. 1.—COVERING USED FOR CANAL AND METHOD OF HEATING WHEN CONCRETE 
LINING WAS BEING CONSTRUCTED, NORTH SIDE TWIN FALLS LAND & WATER Co., 
MILNER, IDAHO. 

Fig. 2.—OUTSIDE VIEW OF COVERING USED FOR CANAL WHEN CONCRETE LINING 

WAS BEING CONSTRUCTED, NORTH SIDE TWIN FALLS LAND & WATER Co., MILNER, 
IDAHO. 
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FIG. 1.—CONCRETE-LINED CANAL FOLLOWING THE LOCATION OF AN OLD CHANNEL, FRUIT- 
LANDS IRRIGATION & POWER Co. (LTD.), KAMLOOPS, BRITISH COLUMBIA. 

Fic. 2.—FORMS USED FOR BACKFILLING WITH PUDDLED EARTH TO PREPARE CANAL FOR 
CONCRETE LINING, FRUITLANDS IRRIGATION & POWER Co. (LTD.), KAMLOOPS, BRITISH 

COLUMBIA. 
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between the forms was smoothed and thoroughly hand compacted. 

A uniform layer of concrete 4 inches thick was then applied. 

After heavy stripping, a good natural mixture of sand and gravel was 

secured adjacent to the canal. This was hauled by slip scrapers up a 

runway and dumped into the mixers, which were placed high enough 

to permit discharging the concrete directly into one- ae se carts. 

The concrete was a 1:3:6 mixture of Portland cement, sand, and 

eravel. It was laid in sections measuring 8 by 16 feet on the Tones 

and 8 by 16 or 16 by 16 feet on the bottom. .The lining was laid in 

alternate sections to make room for the workmen, and the upper sec- 
tions were usually the first completed. As soon as the concrete of 
the first sections had set, the forms were removed and the intermediate 

sections filled in. Expansion joimts of one thickness of tar paper 
were used between sections in part of the work. 

After being dumped from the carts, the concrete was worked down 
and later smoothed by drawing long floats made of 2 by 6 inch tim- 
bers back and forth across the forms. In order to get a smooth 
face, the surface was painted with a 1 to 2 finishing coat of cement 
mortar as soon as the concrete was placed and set. The lining was 
kept wet by sprinkling for a period of seven days after being laid. 
It was protected from nightly freezes during the early part of the 
work by covering with a layer of straw, and during some freezing 
weather in the latter part of the work some concrete was laid under 
large tents heated by stoves. 

Some of the cost items are as follows: 

Cost of lining New York Canal. 

Preparing canal section for lining, per linear foot, seo ey, Bes ae en ee $2. 80 

Hauling gravel to mixers, per ont Wal ise S-(2h epee eRe Oa aeons tye SSS UF Lente 1.14 
Mixinesand placing concrete, per cubic yard. . 222.2... 2 22222. 23220. 5-82 2. 20 

Total cost of concrete, including cement, per cubic yard_.........-.-.....-.-- 7.7 
Moralteostiotconcrete im: place, per lineal footiis.. 3222222002) 2 as 9. 64 
Sennemupembatrel tao. boiser. sniee 2S ee ik CEE) oe $2. 27-2. 50 
SC MAELO TN CTIO AVS ha Moose ot Fn oe SS ae 2d Ce 2.50 
Mian, eyevel. HORII OCIA GEN seen areas eee Sele ee eee te eke i Nee ee me Rim oe 5. 00 

FRUITLAND IRRIGATION & POWER CO. (LTD.), KAMLOOPS, BRITISH COLUMBIA. 

This company has lined some 6 miles of its main canal. The 
writer examined the lined portion of this canal in the summer of 
1912 and found it in good condition. The upper bank is quite gen- 
erally in excavation and the lower bank is partly in excavation 
and partly in fill. There appear to be more curves than the nature 
of the ground warrants, but A. E. Meighans, the company engineer, 
stated that the lined canal follows an old location for a ditch built 
before this company acquired the property. (Pl. V, fig. 1.) 

Some slight injury to the lining has resulted from earth setile- 
ment. Lining the sides of the curves required the use of short 

48307°—Bull, 126—14——5 
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forms, which were also used on tangents, resulting in a much larger 
number of joints on the straight portions than good practice warrants. 
The joints were spaced 6 feet apart, and an attempt has been made 
to cover the seams with a coating of cement mortar. It is claimed, 
however, that these will eventually become filled with sediment, 
but the daily and seasonal contraction and expansion usually tend 
to enlarge rather than to decrease their width. 

Plate V, figure 2, shows the forms used for back-filling with 
puddled earth to prepare this canal for concrete lining. In Plate 
VI, figures 1 and 2, these forms have been removed and the channel 
is ready to receive the forms used in placing the concrete, as shown 
in Plate V, figure 2. Additional information on construction methods 
used with other useful data are to be found elsewhere.! 

NORTHERN PACIFIC IRRIGATION CO., KENNEWICK, WASH. 

During the winter of 1910-11 this company lined 22,500 feet of 
ditches on the ‘‘ Highlands” at Kennewick to eliminate heavy seepage 
losses. The soil through which these ditches are built is principally 
a fine sandy loam overlying gravel at a depth of 18 inches to 2 feet. 

One ditch 10,800 feet long, 3 feet wide on the bottom, with. side 
slopes of 4 to 1 and a vertical depth of 26 inches, is designed to 
carry 18 second-feet. Another ditch having in part a bottom width 
of 34 feet, side slopes of 4 to 1, and a vertical depth of 194 inches is 

designed to carry 14 second-feet. This ditch is reduced to a bottom 
width of 24 feet, but with the same side slopes and depth as the upper 
part. The concrete used was a 1:3:4 mixture of cement, sand, and 
crushed rock. 

In preparation for lining, center grade stakes were set and the 

bottom of the ditch brought to grade. Scantlings 2 by 4 inches: 
were then placed across the bottom of the ditch at 12-foot intervals 
at right angles to the center line and flush with the subgrade. Three 
forms 12 feet long (Pl. VII, fig. 1) were then set in the ditchon the 

cross strips and centered. Earth was shoveled and tamped behind 
the forms to secure the desired section. There were 14 men in a 
crew on this work. ‘ 

After the earth sections were prepared in this way, 2 by 2 inch 
screeds (Pl. VII, fig. 2) were placed at intervals of 5 feet 8 inches 

and upon them forms 6 feet long were set on every other space. 
The concrete was mixed with a one-third yard mixer, wheeled to 
place and dumped on planks laid on top of the forms. It was then 
shoveled behind the forms and lhghtly tamped. Strips of sheet 
iron were inserted behind the forms to protect the slope while the 
concrete was being put in and also to prevent a too rapid loss of 
water from the mixture by its contact with the drier earth. These 

1 Brit. Columbia Dept. Agr. Bul. 44 (1912). 
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strips were raised as the filling progressed. Two crews of 5 men 
each placed the concrete behind the forms, 2 men wheeled to each 
crew, and about 5 men were employed to move forms, etc. About 
6 men were in the mixing crew and 2 others plastered rough places 
in the lining. 

Water kept in the finished ditch a few hundred feet in the rear 
of the work (PI. VII, fig. 3), was pumped ahead to the mixer with a 
small gasoline engine. 

The engineer stated that in one hour a crew could place about 
six sections, or 34 lineal feet, of the lining in the ditch having a 
3-foot bottom. 

On some of this work done-during freezing weather, canvas covers 
were placed over the ditch. Under these covers iron pipes were 
laid through which steam was run from a steam boiler during the 
night. 

Rock gathered from various places within the locality was crushed 
and hauled from 1 to 14 miles. Six men collected the rock, 4 men 

operated the crusher, and about 7 teams hauled the crushed rock 
to the place of use. The cost of the crushed rock was not obtainable, 
but other items of expense were as follows: 

Cost of labor and materials for lining Northern Pacific Canal. 

Cement per barrel delivered at works, approximately...........---..-.--.... $3. 00 

Sanded cliveredubyicontract, percubie yard. 222.22... 2. ose as ee 1.75 
Waboretsypermnour without boards 4s... 82s se ne ee oe ees ed See 25 

MeAmMenCmMO UE WI TNOUL LCCC ones cas Shee ee ok ese ea SAEs os See 35 

TRUCKEE-CARSON PROJECT, NEWADA. 

A part of the main lower Truckee Canal constructed in 1904 and 
1905 by the United States Reclamation Service was lined with 
concrete. Much of this lining was placed without the use of expan- 
sion and contraction joints. In November, 1911, about six years 
after the lining was completed, Mr. F. L. Peterson, irrigation engineer 
of this office, made a careful examination of the lined portions of this 
canal to determine if possible the effect produced by the lack of 
joints. Plate VIII, figure 1, is a general view of the lined canal 

opposite the railroad siding at Gilpin, Nev. Here the canal is 
excavated for the most part in solid rock and lined with 4 inches of 
concrete. In the same plate are shown fractures in the lining after 
a thin mortar coating had been placed over the seams. Pilate VIII, 
figures 2 and 3, gives a closer view of two of the fractures, the latter 
one of which has been repaired. 

The general specifications for the concrete used on this work 
provided: 

The concrete to be used on all the structures and tunnels on this canal will be 

composed of Portland cement, sand, and gravel or broken stone, in the proportion of 
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1 barrel of cement to 7 full barrels of the same size of aggregates when mixed together. 

If broken stone is used, it must be hard, clean, and heavy, having at least a specific 

gravity of 2 and screened into three different sizes. None of the gravel is to exceed 
2inches in diameter. The mixture of such sizes will be in the proportion determined 

bythe engineer. All of the rock must be of such size that it will pass through a screen 
with a 2-inch square mesh. 

The seam shown in Plate IX, figure 1, is typical of many such seen 
in canal lining in that it gradually diminishes in width from the top 
to the bottom of the side lining. Plate IX, figure 2, shows a fracture 

extending not only through the concrete but also through a diabase 
rock some 14 inches long and 4 to 6 inches thick which was embedded 
in the concrete. The natural cleavage of this rock, it may be observed, 
was nearly at right angles to the rupture as made by the contraction 
of the concrete. 

The placing of the concrete lining against the uneven rock surface 

served to anchor the lining and prevent contraction, and this same 
foundation condition doubtless added much to the strength of the 
lining as a whole. Notwithstanding this fact, however, ruptures 
have occurred at intervals of 28 feet or more throughout the lining. 
The seams created by these ruptures varied in width from one- 
twelfth to one-half inch or more at a time when the temperature of 
the air was 50° and that of the water in the canal was 42° F. 

LOWER YAKIMA IRRIGATION CO., RICHLAND, WASH. 

The canal of this company parallels the Yakima River for several 
miles, where the earth sections run mainly through coarse gravel, 
bowlders, of shattered basaltic rock. The remainder of the system 
is very largely built through sand. In the unlined channel the seepage 
losses were excessive, and through the sand it was also difficult to 
maintain the ditch owing to its tendency to fill up both by drifting 
and on account of the flat side slopes which the sand naturally as- 
sumed under the action of water. The lining was intended, there- 
fore, not only to reduce the loss of water but to increase the carrying 
capacity of the ditch and render it more stable and easy to maintain. 
About 5 miles of the ditch was lined in 1910. The company furnished 
all materials used and prepared the channel for lining, but the other 
work was done by contract. 

In preparing the ditch, center stakes were set about 13 inches 
above grade, to which the excavating was roughly done with teams 
and scrapers. At intervals of about 25 feet along the bottom of the 
side slopes stakes were set to grade, and from these the top slope 
stakes were set by the use of a slope triangle. Nails were driven 
into the grade stakes and chalk lines were stretched on them parallel 
to the ditch. Trimming to these lines was done then with square- 
pointed shovels and the slopes and bottom scraped to smooth sur- 
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FiG. 1.—EARTHEN CANAL PREPARED FOR CONCRETE LINING, FRUITLANDS IRRIGATION 

& POWER Co. (LTD.), KAMLOoPS, BRITISH COLUMBIA. 

Fic. 2.—FORMS PLACED TO RECEIVE CONCRETE, FRUITLANDS IRRIGATION & POWER 

Co. (LTD.), KAMLOopPS, BRITISH COLUMBIA. 
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Fic. 1.—PREPARING EARTHEN CANAL SECTIONS FOR CONCRETE LINING, NORTHERN 
PACIFIC IRRIGATION Co., KENNEWICK, WASH. 

Fic. 2.—SETTING FORMS PREPARATORY TO CONSTRUCTION OF CONCRETE LINING, 
NORTHERN PACIFIC IRRIGATION CoO., KENNEWICK, WASH. 

Fic. 3.—SECTION OF CONCRETE-LINED CANAL, NORTHERN PACIFIC IRRIGATION Co., 

KENNEWICK, WASH. 
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Fic. 2.—SHOWING FRACTURES IN CON- 
CRETE LINING OF TRUCKEE-CARSON 
CANAL, NEV. 

PLATE VIII. 

Fia. 3.—SHOWING FRACTURES IN CON- 

CRETE LINING OF TRUCKEE-CARSON 

CANAL, NEV. 
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Fic. 2.—CRACK IN CONCRETE LINING EXTENDING THROUGH DIABASE ROCK, TRUCKEE- 

CARSON CANAL, NEV. 
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faces with straight-edges. The sides and bottom were tamped 
lightly with wooden tampers and sprinkled before the lining was 
applied. The section lined has a bottom width of 114 feet, side 
slopes of 14 to 1, and a wetted perimeter of 263 feet. 

The three mixers used were operated on planks in the bottom of 
the ditch in advance of the work. With each mixer there was a 
crew of about 25 men and in addition a finishing crew of 5 or 6 men 
to dress the earth surfaces immediately ahead of the mixer. One 
rock crusher was also operated, the crushed rock being hauled an 
average of 2 miles. Most of the sand was procured from pits along 
the line of the canal and was used without screening. The lining 
was laid in 8-foot sections 1# inches thick, with strips of building 
paper in the joints between the sections. Four hundred feet of 
lining was considered a good day’s work for a crew. 
A 1:3:4 mixture of concrete was used for most of the lining, but 

on one section a 1:4 mortar applied 1 inch thick was considered just 
as good as the thicker lining of concrete, besides being much easier 
to apply. 

The lining in gravel sections leaked considerably the first season, 
presumably because allowed to dry too rapidly on account of lack 
of water for keeping it moist after laying. In work that was done 
the following year this difficulty was obviated by allowing a small 
amount of water to flow in the ditch soon after lining, using check 
dams to prevent its interference with construction. Men wearing 
rubber boots then waded along and with shovels or buckets threw 
water upon the side slopes at frequent intervals to keep the concrete 
wet while setting. Where lining had been placed on moistened sand, 
the results were better than in the sections through gravel, there 
being no perceptible leakage. Conditions in the gravel portion 
improved with the first year’s use of the lined section, after which 
the seepage was considerably lessened. 

The various items of cost secured are as follows: 

Cost of lining canal of Lower Yakima Irrigation Co. 

itaborers.per day of 10 hours; without board £22. ..22-22 22222. 9/228 ee $2. 50 

Manandi team per day, without board /2:. 02:0 2.5.2 2.3322 Joe ee 4, 50 
Contract price per square foot for mixing and laying concrete .........-. . 025 

CORTHDSTI, OSE LOAN TE Se seals er a ea ee aan er gO a ee 3. 10 

SanGaepencibichy ard, approximatelyenss. 02.551 bo 6222 0 o eect ee ee 50 
Lotalecostoruning .persquare toot... 25. Wo see le eT . 065 
‘STOR Coss Oy 1bUENbNagse et ROLE Ae ca ei ELE panos alee manera eae ae 9, 064. 49 

During February and March, 1911, the company placed additional 
lining, using practically the same methods above described, except 

1 This does not include an 8-mile haul over heavy roads. 
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that all work was done by force account. The prices for labor and 
material indicate that the work was done considerably cheaper than 
in the previous year. Laborers were procured for $2 per day without 
board and men with teams for $4 per day each. Cement cost $2.95 
per barrel delivered at the work. 

BELGO-CANADIAN FRUIT LANDS, KELOWNA, BRITISH COLUMBIA. 

About 3,000 feet of this company’s main canal, 11 miles long, and 
about 4 miles of its lateral ditches have been recently lined with 
concrete to prevent seepage losses in a porous soil. On the main 
canal a 3-inch thickness of lining has been used for a finished section 

having a bottom width of 3.5 feet, depth 3.75 feet, and side slopes of 
z to 1. Lateral linings are 24 to 3 inches thick on slopes, with a 3- 

inch thickness on bottoms which vary in width from 9 inches to 2 feet. 
After excavating the channel to be lined, a drain filled with loose 

rock or gravel was made beneath the bed. Cross drains from this 
through the lower bank were placed at 500-foot intervals. The forms 

shown in figure 7 were 
then set and bolted 
together. Galvan- 
ized-iron plates placed 
outside the forms were 
spaced with pieces of 
lumber, and after the 

earth was back-filled 
and tamped behind 
the plates concrete 
was poured between 
them and the forms. 
The galvanized plates 

and spacing pieces were withdrawn as the space was filled with con- 
crete. The bottom of the ditch was then floated in and the edges 
smoothed, using for this purpose the excess concrete which had passed 
over the forms. The forms were left in place 48 hours. 

Curves were made by using special short forms having the outer 
edge superelevated $ to 1 inch according to the degree of curvature. 
In placing the concrete around sharp curves, special galvanized 
plates were used to close the gap at the outer edge of the forms. 

No cost data could be secured on the lining of the main canal. 
The cost of lining laterals per square foot and exclusive of excavation 
varied from $0.118 in the larger to $0.142 in the smaller ones. These 
costs include excavation, back-filling, rock drains, and supervision. 
The work was done late in the fall when protection against frost 
increased the cost. Cement cost $3.75 per barrel delivered, con:zmon 
labor $2.75 per day, and skilled labor $4 per day. 

Fig. 7.—Section of form used for placing concrete lining, Belgo- 

Canadian fruit lands, Kelowna, British Columbia. 
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TUCSON FARMS CO., TUCSON, ARIZ. 

The water for this project is obtained by pumping from numerous 
wells. During the winter and spring of 1912-13 a reinforced 
concrete lining was placed in about 24 miles of the new main canal 
for the prevention of seepage losses through a sandy and gravelly soil. 

The canal has a trapezoidal cross section entirely in excavation and 
as lined is capable of carrying a 2.9-foot depth of water. The bottom 
width ranges from 2 to 4} feet and the side slopes are 1 to 1. The 
ereater part of the concrete used in this construction is a 1:4 :4 mix- 
ture and the lining is 3 inches thick throughout. 

In grading the channel for lining, a framed template was used to 
get a true section. The reinforcement is made of round steel bars 
intersecting at right angles and wired together. Four longitudinal 
bars, %;-inch diameter, were placed one on each side of the bottom 
for the lining floor and one on each side near the top of the side walls. 
Then at right angles to these, as stated, 4-inch crossbars were spaced 
12 inches apart. Each crossbar was continuous and extended from 
the top of the lining on one side through the lining to the top of it on 
the opposite side of the canal. When it was not possible to obtain 
the 4-inch bars, ;°;-inch bars were substituted and spaced 18 inches 
apart. 

Wooden-framed forms built in 12-foot sections were then set in 
position over the steel reinforcement, blocked to place, and the ad- 
joining ends bolted together. Then 4-inch steel backing plates, 2 
feet wide and long enough to reach to the bottom of the earth section, 
were slipped behind the forms and under the reinforcement. Before 
placing the concrete, wooden spreader-strips 2 by 3 inches were set 
between the wooden forms and the backing plates. Each spreader 
contained a staple driven almost full length into its side near the 
bottom, and in setting the spreader the staple loop was slipped over 
the end of the crossbar and the spreader was then slid into position. 
In this way the bar was carefully held in position while the concrete 
was being placed in the forms. A spreader was set beside each cross- 
bar, and as the concrete for the side lining was tamped and puddled 
into place the spreaders were gradually removed, leaving the cross- 
bars firmly embedded in the concrete. The steel plates likewise were 
withdrawn as the walls were built up. When the side forms were 
filled with concrete to within 3 inches of the top, the longitudinal bars 
were placed and wired to the crossbars. The remaining concrete was 
then placed and smoothed with an edging trowel. 

Expansion joints were provided by setting 1 by 3 inch wooden 
strips in the middle of each form in the same manner as the spreaders, 
except that no staples were used and the joint strips were not removed 
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afterwards. ‘To keep them in position while concrete was being de- 
posited, each one was lightly nailed to the side of the form, and 
before the latter was removed the nails were withdrawn. 

The forms were left intact for a period of 8 hours at least, and they 
usually remained undisturbed over night during a period of 14 to 20 
hours. After their removal any defects in the wall surface were 
“picked”? out and the cavities smoothly plastered with a 1:14 or 2 
cement mortar. 

The canal bottom was then carefully cleared of litter, its surface 
smoothed, and solidly tamped. All reinforcement bars that may 
have become bent were straightened. The bottom piece of the 
expansion joimt was fitted to the two side pieces and its top care- 
fully laid to grade. (Pl. X, fig. 1.) The concrete for the floor lining 
was then tamped and puddled into place, and when it had reached 
the required thickness the surface was easily brought to grade and 
smoothed by the use of a straightedge resting on the bottom joint 
strips as guides. 

The entire liming was kept wet by continual sprinkling during a 
period of three to five days. After this was discontinued a wash coat 
of neat cement mortar was applied to the surface with a brush. (PI. 
X; figs 2.) 
A 1:4:4 mixture of concrete was used on all the work except for 

about 1,000 feet of bottom where there was excessive external water 

pressure. In this portion of the canal a 1:3.2:3.2 mixture was used. 
As a further protection in one very wet and miry place, additional 
reinforcement was usec in the bottom. Extending over a length of 
about) 5,000 feet of the largest canal section near the Santa Cruz River 
bed, ‘weep holes”’ were a. med in the bottom to relieve external water 
pressure. Two-inch tapering plugs extending entirely through the 
lining floor were set in the freshly laid concrete and these plugs were 
later removed as soon as the concrete had set sufficiently to retain its 
shape. Two rows of these holes were made 24 feet apart and spaced 
4 feet longitudinally. During construction a considerable portion of 
the canal was drained. <A line of 8-inch tiling was laid in the bottom 
and pumps attached thereto were installed at intervals of about 
1,000 feet to withdraw the accumulated water. 

The contractor received $12.50 per cubic yard for the finished 
concrete lining, using slab measurement. This included all costs 
except the original purchase price of the steel reinforcement. How- 
ever, no excavation was included and the company paid extra for 
the wash coat. The contractor rented a rock crusher and delivered 
the rock. Sand was obtained from the river bed. 
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FIG. 1.—CONSTRUCTION REINFORCEMENT AND EXPANSION JOINT STRIPS USED IN CON- 

CRETE LINING WORK, TUCSON FARMS Co., TUCSON, ARIZ. 

Fic. 2.—SHOWING EXPANSION JOINT STRIPS EMBEDDED IN CONCRETE LINING AND APPEAR- 

ANCE OF CONCRETE SURFACE BEFORE APPLYING WASH COAT OF NEAT CEMENT Mor- 

TAR, TUCSON FARMS Co., TUCSON, ARIZ. 
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Fig. 1.-METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAVIS AND WEBER 

COUNTIES CANAL, OGDEN, UTAH. 

Fia. 2.—METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAVIS AND WEBER 

COUNTIES CANAL, OGDEN, UTAH. 

Fic. 3.—-METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAVIS AND WEBER 

COUNTIES CANAL, OGDEN, UTAH. 
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Fic. 1.—SETTING FORMS PREPARATORY TO PLACING CONCRETE FOR LINING OPEN CHAN- 

NEL, Los ANGELES AQUEDUCT, LOS ANGELES, CAL. 

Fig. 2.—CONSTRUCTION OF CONCRETE LINING IN PROGRESS, LOS ANGELES AQUEDUCT. 
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_ All concrete was mixed by hand and transported in wheelbarrows. 
The work was performed with gangs of about 30 men, paid for a 
9-hour day, as follows: 

Wages of labor lining canal of Tucson Farms Co. 

eloremamey 2. ---- 22 cick RIES Os DEAN UB Peas AE ee oat a ge 34. 00 

Miixamesb osseamndie plasterers #1 oe see 6 ware! Oa ee Ak ees ee 2. 50 
2B SWE NUETE OOS is ek CEE pn RENEE Ss cans en RMR Em Ia ee A A i ee aa 1. 00 
RD) ODEN fst SS RD MG ee ea aR en Sates aS Py ere eS 2. 00 

The gang was used in the following manner: Eight men on mixing 
board, 2 tampers, 2 men pulling plates and spreaders, 2 men setting 
forms and putting in expansion joints, 2 men laying steel reinforce- 
ment, 14 men transporting and depositing materials and concrete, 
finishing, screening sand, etc. The forms were usually all moved at 
one time and the whole force engaged on that work. 

It required this gang 21 days to place lining in 3,000 feet of canal 
in dry excavation having a bottom width of 3 feet. The cost to the 
contractor was distributed as follows: 

Contractors cost of lining canal of Tucson Farms Co. 

Mabormuchidinosthesbuilding oftorms-2.22 2. 2.22522 Se ee $1, 297. 83 

IMM sAcks Ok Ccement wat PO:6b each... ys20. 5). ol oe ees 1, 386. 72 

Zaneupicnyards.otrock,tat $l.7) per cubic yard 22255222 vas se 2 2 es 406. 00 

252 cubic yards of sand, at $0.75 per. cubic yards.) 2 .. 22: 6.0. 24525 knee 174. 00 
Lumber in 15 sections of 12-foot forms, 3,900 feet b. m., at $30 per M..... 117. 00 

Lumber for expansion joints, 750 feet b. m., at $30 per M...............-- 22. 50 

Lumber for spreaders, runways, etc., 750 feet b. m., at $30 per M.......-. 22. 50 

Water purchased from the city of Tucson, 21 days at $2...........-..-...- 42.00 

Hianulinossteelsreimiorcementss (a5 Miler Js) nS. Se ee ef 10. 00 

Depreciation ot plant, breakage of tools, ete-=..2.2:2- 4.22 2.222525. 22. 20. 00 
Office expenses and expenses of contractor and superintendent, amounting 

LOOOULM Der Gay, tor thisscanos Jiidays:. (cn Wee oe ke 42. 00 

PTR aS SS Ro ee On rare RU cea rae eit ey Re 3,540. 55 

Computations made on the above basis for 298.9 cubic yards, the 
cost was $11.845 per cubic yard. However, there were in addition 
the following costs to the Tucson Farms Co.: 

Additional cost of lining canal of Tucson Farms Co. 

PAV RPOUMUSOLsSLEC I ate hOs OA se cin not orn oe enn en eer ea Us BN ee ana oh $372. 00 

One coat of cement wash, 34,500 square feet, at $0.0025...................- 86. 25 

Hneineceninowabout is perjcemtanas. one. ea a awe bel Meade ee ley 195. 00 

HAR set Sepals tin i Nee Geant pwn ne nae Seen Sener I Re Ie eel Deeded Sosa? Res Veiga tI? 653. 50 

On this basis the actual cost of the completed lining was $14.03 per 
cubic yard. 
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CENTRAL OREGON IRRIGATION CO., DESCHUTES, OREG. 

The north canal of this company is concrete lined and diverts water 
from the Deschutes River a short distance below Bend, Oreg. 

A 1:4:5 mixture of Portland cement, sand, and crushed rock was 

used on this work, the extra amount of sand being required to replace 
a considerable portion of the grout lost in the dry wall back of the 
lining. In preparation for lining the earth slopes, made 14 to 1 to 
avoid the necessity for forms, were finished to within 4 inches of the 
inner surface of the completed work. The rock slopes, however, 

were so badly broken 
Sn" ae a ne that it was necessary 
SRE 2° - LS var0- sy: : 

A | pe eee ee ence SD Sao to fill cavities with 
Le = a x = Frock . 

f A hand-laid dry walls 
\Zy 25) o 

Sore. (fig. 8). 
Ee ; Ln / . 

EXOriginal Sectional forms 
7 Frock ; : 

“FXesx = rnade of shiplap were 
used repeatedly on the 

< L a . 
YS eer eat Seiten: Sl 6,300 lineal feet of 
UR b = = fy UY | =f) — UF ND 

POO NAR RS= B=RVIRINIENE canal through rock,but 
Fic. 8.—Section of concrete-lined canal in rock, Central Oregon Irri- no forms were used on 

gation Co., Deschutes, Oreg. : 
the 1,000 lineal feet of 

canal in earth. Expansion joints spaced at 12-foot intervals along 
the sides and bottom were made of } by 4 inch wooden strips left in 
the finished concrete. 

DAVIS & WEBER COUNTIES CANAL CO., OGDEN, UTAH. 

During the years 1909 and 1910 this company enlarged and con- 
crete lined 94 miles of its main canal. When the canal was built in 

the eighties it carried less than 100 second-feet, but its capacity has 
been increased from time to time until in 1909 it reached 200 second- 
feet. It has been difficult and expensive to maintain this canal 
owing to its location near the top of a steep hillside flanking the Weber 
River on the south. In July, 18938, the writer made a series of current 
meter measurements to determine the seepage losses throughout its 
length. The results showed a discharge at the headgate in Weber 
Canyon of 105.5 second-feet which in 94 miles seepage had reduced 
to 784 second-feet, representing a loss of 26 per cent of the total 
diversion from the river. This seepage water found its way into the 
steep hillside and during 25 years of its operation as an unlined canal 
produced an endless variety of slides throughout a length of 7 miles. 
In fact, the whole hillside for this distance seemed to have been sub- 

jected to a severe earthquake shock. Tracts, several acres in extent, 
traversed by the canal have been known to drop through a vertical 
height of 7 feet as a result of the action of seepage waters on the 
underlying materials, and buildings located more than 600 feet from 
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the center line of the canal have been removed from the path of the 
slides. 

Tn the fall of 1909 the company undertook to enlarge and concrete 
line this canal and to provide for a maximum carrying capacity of 
725 second-feet and at the same time retain the old location. This 
entailed the removal of a heavy growth of willows skirting the banks 
and a large amount of excavation. On account of the unstable 
character of the materials and the steep cross slope of the hill on 
which the canal is located the lining of so large a channel presented 
unusual difficulties. These have been met, however, and the canal 

successfully operated for the past two seasons. 
The canal was provided with drainage at various stretches along 

its length through the use of 6-inch drain tiling laid in longitudinal 
trenches 10 to 20 inches deep. At intervals of about 800 feet these 
drains were connected to cross drains of the same construction to 
convey the drainage waters to the outside of the outer canal bank. 

a b /2 

4% 
= 4 Sand 

Me NM : 
Bay ie 5 5 ie Ne \. 
“48-22 Wide- > gh x22 Wade = is 

k-4, 4’ > 4.4; J 

3/4* twisted b ey sd Pes 
(LO (EE a Gravel TWH: FACS 

WE 6 Hie 6Hi/e 7S 
Fig. 9.—(a) General type of concrete lining construction used for Davisand Weber Counties Canal, Ogden, 

Utah. (b) Type of concrete lining used for weak foundations on the same canal. 

It was at first proposed to use a 6-inch thickness of lining, but on 
the recommendation of the writer this was reduced to a 4-inch thick- 
ness for all but the worst portions. Figure 9, a, represents a cross 
section of 4-inch lining used for the greater portion of the channel. 
Where the canal bank was weak and where slides were liable to occur, 
a form as shown in figure 9, b, was adopted. In reducing the thickness 
from 6 to 4 inches a somewhat richer mixture was used and more 
precautions were taken to secure good drainage. ‘The specifications 
for concrete called for a 1:2:4 Portland cement, sand, and gravel 
mixture, on which the contract price per cubic yard for concrete in 
place was $6.80, while for a 1: 24:5 mixture, also used, $6.45 was paid. 

On all straight portions of canal the concrete was laid in sections 20 
feet wide. That placed on the bottom was first tamped into place 
and then carefully floated and smoothed. It was afterwards covered 
with sand kept moistened for a period of seven days by sprinkling. 
A 1:2 mortar of cement and sand was troweled over the surfaces of 
the slide slopes soon after the concrete had been tamped in and the 

so 
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forms removed. ‘The slopes were then covered with burlap and kept 
moistened as described. The construction methods used on this 
canal are shown in Plate XI, figures 1, 2, and 3. 

A tapering strip of wood, as shown in figure 3, h, forms the expan- 
sion and contraction joint between each section of concrete. The 
specifications called for the removal of these strips and the filling of 
the spaces with hot asphalt, but this was not done. 

YAKIMA PROJECT, UNITED STATES RECLAMATION SERVICE, NORTH YAKIMA, WASH. 

The Tieton main canal, located in the canyon division of this 
project, was provided for 10 miles of its length with concrete lining. 
Actual work commenced in 1907 and was finished in 1909. The 
steepness of the cross slopes, involving large excavation quantities 
per square foot of water area, and the lack of water-tightness in the 
material, made necessary an impervious canal and one that would 

e withstand a_ high 
velocity. These re- 
quirements, together 
with a largely imac- 
cessible locality havy- 

|? bars Ma “224 Exif sice ing difficult working 
conditions, compelled 
the use of a minimum 

RE g2” ae volume of lining, 
Fra. 10.—Cross section of open concrete-lined canal, Yakima project, which it seemed ad- 

U.S. Reclamation Service, North Yakima, Wash. 
visable to make of 

molded concrete shapes cast in central yards. The cross section used 
for canals is shown in figure 10 and a portion of the constructed 
canal in figure 11. 

Curves of 57.6 feet radius were the maximum curvature used, and 

in some cases these were reversed with only a foot or two of tangent 
between. The canal was intended to have a carrying capacity of 
300 second-feet. 

The concrete aggregate was river gravel and sand and crushed 
gravel. The cost of manufacture of the lining per cubic yard was: 

Cost of manufacture of lining for Tieton Canal. 

DGD OP soothe os oe G2 '3. oo tyes RO de a A oe $6. 094 

Matenali( cementing steel)ins a2 ass sen 2 ee eee ee ee 9. 370 

Blan tchargG. <1 2S. 5, Ao oe ana oe ee ee re ree 4. 579 

Engingering and mspectlOn soc, 2022250 eek ae seen see Sea eee . 324 

Generalic. £2 Son) oc oc hoe Ee ee ee eee 2. 830 

The cost of placing and jointing a total of 49,494 lineal feet, includ- 
ing 23,295 shapes, raised the above cost to $32.05 per cubic yard, or 
$7.42 per lineal foot. 
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TURLOCK IRRIGATION DISTRICT, TURLOCK, CAL. 

In 1910 this district made a hydraulic fill inclosing an old unsafe 

wooden flume on trestles across Peasley Gulch, and in the fall of that 

year, after the canal was emptied, the wooden flume box was removed 

and a concrete lining substituted. The lined section is 365 fect long, 

with a bottom width of 40 feet. The side walls, 4 inches thick and 

9 feet high, are reinforced with No. 6 wire fabric (6 by 6 inches) and 

have a batter of 4 to 1. Buttresses with the same batter are built 

at 8-foot intervals back of the lining and similarly reinforced. The 

floor, which is 6 inches thick and of the same construction as the 

sides, is concaved, being 1 foot lower at the middle than at the sides. 

Fig. 11.—Concrete-lined canal, Yakima project, U.S. Reclamation Service, North Yakima, Wash. 

Concrete floor ribs 12 inches deep and 8 inches wide are spaced 
equally with the buttresses and reinforced with two }-inch steel 
bars. The lining is made of 1:3:5 concrete placed behind wooden 
forms and cost $16 per cubic yard. It has no joints and no cracks 
of importance have developed. 

MODESTO IRRIGATION DISTRICT, MODESTO, CAL. 

Considerable concrete lining has been constructed to date in 
Modesto main canal, but all of it is for providing increased safety, 
and the small saving of seepage secured is merely incidental. 

In the narrow canal sections near the headworks the velocities 
range from 5 to 8 feet per second. Where it has seemed necessary 
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to provide considerable slab strength, the floor liming is from 4 to 6 
inches thick. The linings for hydraulic fills recently completed are 
6 inches thick and reinforced with No. 6 wire fabric 6 by 6 inches. 

Linings of 2% to 24 inches thickness have been used on four stretches 
of lined canal having lengths of 250, 250, 575, and 1,000 feet, respec- 
tively. The bottom width is 44 feet and water depth of 5.5 for the 
first three and 34 feet and 7 feet, respectively, for the fourth. All 
slopes are 2 to 1. In preparation for the linings the canal sections 
were carefully graded and aligned by chalk line and straightedge. 
Fills were made a little high, with loose sand where possible, and 

after saturating with water were graded. Fills as high as 10 feet 
were graded and aligned within two or three days after the material 
was placed with a scraper, but they were made of clean sand thor- 
oughly saturated with water. No settlement has been noticed. 
The lining was laid in cross strips 3 feet long longitudinally, and these 
were imperfectly bonded to permit cracking at the joints. The 
latter, being numerous, permitted only narrow cracks, which are 
unimportant. It is said that in part of this linmg the water reaches 
a velocity as high as 20 feet per second at times and that no appreci- 
able injury to the concrete has occurred after five or six years of use. 

SOUTH SAN JOAQUIN IRRIGATION DISTRICT, MANTECA, CAL. 

Concrete lining has been placed on 7 miles of the main canal, 3 
miles of which is owned jointly with the Oakdale irrigation district. 
A typical lined channel has a bottom width of 11.36 feet, side slopes 
1 to 1, and is planned to carry a 9-foot depth of water and allow 2 
feet additional for splash. This design, having a grade of 0.0775 per 
100 feet, is intended to have a capacity of 850 second-feet. An excess 
grade for curves was computed from the following formula: 

where He is the excess grade in feet per 100 feet; v is the uniform 
velocity of water in feet per second; 7 is the radius of the curve in 
feet. The value of n for Kutter’s formula was taken as 0.015. The 
lining thickness averages 4 inches for the bottom and 4 to 6 inches 
for the sides of the canal. A mixture of 1:3:6 concrete, placed behind 
forms and in alternate sections 12 to 16 feet long, was used without 
allowing expansion joints. In many places where the channel is in 
rock cut no back forms were used, and in such case the alignment is 
irregular and follows the contour of the side walls. 

The cost of the concrete in the completed work was about $14.50 
per cubic yard. 
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BURBANK POWER & WATER CO., BURBANK, WASH. 

This company concrete-lined about 4,000 feet of canal in 1910. 
The essential features of the design are shown in figure 12 and the con- 
struction is reported to be giving satisfactory results. 

The contract price of the concrete in place was $12.50 per cubic 
yard, and the engineering 7 per cent additional. The cement cost 

Fra. 12.—Cross section of concrete-lined canal, Burbank Power & Water Co., Burbank, Wash. 

$2.75 per barrel at Burbank and $3.25 delivered at the work. Gravel 
and sand having within 5 per cent of the proportions used were found 
within a mile of the work and for which the contractor paid $1.75 per 
cubic yard delivered. The lining is made of a 1:24:44 mixture of 
concrete and is formed in cross strips 3 feet long. 

MEDINA VALLEY IRRIGATION CO., SAN ANTONIO, TEX. 

Concrete lining has been placed in 2,390 feet of the main supply 
canal having in this portion of its length a capacity of 850 second- 
feet. The canal, located on a sidehill slope of 3 to 1, is excavated in 
limestone having some pockets of rotten limestone and adobe. The 
ground surface is covered with a layer of broken stone and débris. 

The work of excavation and placing of the lining was let to contract. 
In order to keep a low excavation cost the contractor blasted heavily and 
for this reason needed a on 
large amount of rubble 
backfill. Figures 13 and 
14 show the main fea- 
tures of construction 
and the dimensions of 
thesection used. Joints 
arespaced 16 feet apart, 
and while cracks have CYS 

appeared no harmful Fie. 13.—Cross section of concrete-lined canal, Medina Valley Irri- 
results are anticipated. gation Co., San Antonio, Tex. 

Mexican labor, used on the work, cost $1.50 to $1.75 per day. The 
concrete was hand mixed, and except for the filling of local voids no 
plastering was done. The use of poor lumber for forms left an uneven 
concrete surface. 

Hand-laid Rubble SZ, 
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The contract prices were $0.90 per cubic yard for rock excavation, 
$6 per cubic yard for concrete in place, and $1.50 per cubic yard for 
dry laid rubble. The company paid for one-half the rubble needed 
for back filling the overbreakage. For the entire 2,390 feet of canal 
lined the costs per foot are: 

Fig. 14.—Construction methods used in placing concrete lining, Medina Valley Irrigation Co., San 
Antonio, Tex. 

Contract prices and cost of lining Medina Canal. 

Approxi- Gas 
i ; ost to the 
ee us company. 

Excavation $7. 86 $10. 56 
Rubble 1.56 . 86 
WOTCTELES Ae atta ee ee miles ee am Bil 3.27 
Cement 1.80 1.80 

Total : 14.33 16. 49 

Cement cost $2.40 per barrel delivered at a point on the rail- 
road nearest the work. The cost of the concrete per square foot was 
19 cents, 
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FiG. 1.—TEMPLATES USED IN PREPARING EARTH SECTION FOR CONCRETE LINING, 
RIDENBAUGH CANAL, BOISE, IDAHO. 

Fic. 2.—FORMS USED IN PLACING CONCRETE FOR LINING, RIDENBAUGH CANAL. 
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Fia. 1.—LAYING AND SURFACING CONCRETE ON SLOPES, RIDENBAUGH CANAL. 

FiG. 2.—METHOD OF DELIVERING CONCRETE FOR SIDE LINING, RIDENBAUGH CANAL. 
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Fic. 1.—METHOD OF LAYING BOTTOM LINING, RIDENBAUGH CANAL, BOISE, IDAHO. 

Fic. 2.—A PORTION OF THE COMPLETED LINING, RIDENBAUGH CANAL, BOISE, IDAHO. 
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THE LOS ANGELES AQUEDUCT, LOS ANGELES, CAL. 

- About 37 miles (196,402 feet) of canal forming part of this aque- 

duct is concrete lined. The excavation was made with a steam 
shovel, and some of the excavation was in very rocky ground. The 
slopes and bottom of the channel left rough by the steam shovel were 
brought to a fairly even surface by trimming off the high places, and 
the low portions were shoveled full of moist earth which was tamped 
to place. The guideboards set to allow a slab length of 12 feet were 
held to place by stakes driven into the earth. 

In placing the concrete for lining, a platform was built half way up 

the slope, and in order to reach the upper half of the slope the con- 

crete was handled a second time from this platform. Alternate slabs 

were first laid and these were brought to surface by the use of astraight- 

edge supported on the guideboards. After this concrete had set and 

the forms were re- 
moved the interme- 
diate slabs were con- 
creted in and brought 
to a true surface, 

using the straight- 
edge on the hardened 
slabs as guides. <A 
inch plaster coat 
of 1:2 mixture was 
finally applied. The bottom lining was afterwards laid continuous 
and with a curved bottom as shown in figure 15. The work in various 
stages of construction is shown in Plate XII, figures 1 and 2, and 

Plates XIII and XIV. 
This canal was designed to carry 923 second-feet of water at a mean 

velocity of 4.05 feet per second. The coefficient of friction n was 
taken at 0.014. 

No reinforcement was used, and on most of the work the lining is 
made of a concrete mixture having 1 part cement to 6 parts sand and 
eravel, but in some portions a 1:5 mixture was used. A blended 
mixture of one-half tufa and one-half hydraulic cement was used for 
all the lining. The total cost of the concrete per cubic yard in place 
was about $5, and the materials used in a cubic yard of concrete cost 
about as follows: Cement, $2.60; sand and gravel, $1; and mixing 

and placing, $1. 

Fig. 15.—Cross section of concrete-lined channel, Los Angeles Aque- 

duct, Los Angeles, Cal. 

RIDENBAUGH CANAL, BOISE, IDAHO. 

The 2-mile portion of this canal which is concrete lined is along a 

cravelly sidehill that had formerly caused large seepage losses and 

expensive maintenance. 
48307°—Bull. 126—14—_6 
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The lining has a 34-inch base overlaid with a 4-inch top coating of 
cement mortar hand-troweled to a very smooth and even surface. 

- The canal has a bottom width of 10 feet, 14 to 1 side slopes, and a 
vertical depth of 64 feet. At the top of the lining a 1-foot berm 
extends back into the bank. When carrying a 6-foot depth of water 
the canal has a capacity of 615 second-feet. 

The lined portion of this canal offers an example of unusual care in 
construction to obtain a smooth interior. Its curves have been spi- 
raled throughout. The lining is made up of 16-foot sections on tan- 
gents and 12-foot sections on curves. The exact shape of the finished 
section was secured by the use of a template having the same area as 
the cross section of the finished canal. The methods employed in 
construction and various details of the work are shown in Plates XV 
to XVII, inclusive. The concrete was laid continuously. Adjoin- 
ing slabs were separated by one thickness of tar paper and connected 
by short lengths of 4-inch steel rods used as dowel pins. The entire 
surface of the lining was plastered and smoothed with a steel trowel 
as soon as the concrete had set sufficiently to permit it, and which 
doubtless accounts for the absence of surface scaling. 

No displacements due to pressure, settlement, or buckling are to be 
found in this lining. The only cracks which have appeared are those 
at the expansion joints. It has been noticed that in the summer 
these, found to be about 0.025 to 0.030 inch wide in the morning, 
are tightly closed by 1 or 2 o’clock in the afternoon. 

A brief summary of data on various canal linings is given in Table 
IV for the purpose of supplementing that contained in the text 
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CARE TO BE EXERCISED IN OPERATION. 

The durability of concrete lining for canals depends not only on 
good construction but on the care given it as well. Sudden changes 
of temperature, such as turning out cold water and exposing a lined 
channel to a hot sun, damage from roots of trees, damage from stock 
and storm water, the formation of ice, etc., may be very injurious 

and destructive to good construction unless proper precautions are 
taken. 

The flow in the Davis and Weber Counties Canal in Utah some 
years ago had been turned out in the early spring when the water was 
cold. The effect of a hot sun on the concrete lining caused it to 
expand and buckle in a few places. The lining had been amply pro- 
vided. with expansion joints, but the wooden cleats used during con- 
struction had not been removed. No harm would have resulted if 
the strips had been removed and the joints filled with asphalt. This 
instance is mentioned to show how injury may occur through care- 
lessness in construction and operation. In such connection can be 
seen the benefits arising from the use of a somewhat lean mortar for 
the finishing coat and thus avoid as much as possible the shearing 
effect between the base of the lining and the surface coat due to the 
inequality of their coefficients of expansion. 

The growth of trees along or near the banks of a canal may injure 
a concrete lining by the displacement or breaking of individual slabs. 
The possibility of such injury may be guarded against during con- 
struction by entirely removing or cutting back and deadening the 
tree growth. 

Fencing the right of way is the only remedy against damages caused 
by stock. 
Any storm water which is likely to be discharged into the canal 

should be bypassed. A cloudburst or heavy rainstorm may so raise 
the height of water in the canal as to endanger its safety, and the flow 
from even small volumes of storm water entering a canal is usually 
destructive to the upper part of the lining by washing away the earth 
backing. 

If it becomes necessary to operate a concrete-lined canal in freezing 
weather, every precaution should be taken to avoid injury that may 
arise through the formation of ice. One of the principal rules to be 
observed is to increase, rather than diminish, the flow prior to the 
beginning of the ice-forming period. The writer has discussed the 
operation of canals in winter elsewhere. ' 

The formation of ice in a concrete-lined canal is not necessarily 
injurious. In such instance the canal should be operated to obtain 
a condition as mentioned in the preceding paragraph and referred to 

1U.8. Geol. Survey Water-Supply and Irrig. Paper 43 (1901). 
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in the discussion cited. The greater the surface width of the water 
in the channel at the time the ice is formed the greater will be the 
tendency for the ice sheet to bulge upward and thus relieve the side 
thrust. Again, the flatter the side slopes of the channel the greater 
will be the upward component of force parallel to the lining surface 
and accordingly the less will be the thrust normal to its surface. Of 
course there are many reasons for limiting the flatness of the side 
slopes, but in the design of concrete-lined canals for use in localities 
subject to low temperatures, and particularly where winter operation 
is necessary, the benefits resulting from flattened side slopes should 
not be overlooked. 
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THE MYCOGONE DISEASE OF MUSHROOMS AND 
ITS CONTROL. 

By F. Jj. VeramMeyer, Formerly Scientific Assistant in the Office of Pathological 

Collections and Inspection Work. 

INTRODUCTION. 

The industry of mushroom growing in this country has been steadily 
increasing until to-day large establishments for the cultivation of 
mushrooms are found in the vicinity of nearly all of the large cities. 
In the eastern part of Pennsylvania there are many extensive mush- 
room plants which supply the eastern markets. In one section there 
are more than 250 establishments whose collective product exceeds 
1,000,000 pounds of mushrooms annually, while many of the growers 
individually send to market over 100,000 pounds a year. The sub- 
stantial manner in which the modern mushroom houses are con- 
structed and the extent and operation of the individual plants 
represent investments of considerable magnitude; consequently, the 
failure of a crop in even one mushroom house means a serious financial 
loss to the grower. Because the knowledge and conditions necessary 

for the ee saul cultivation of mushrooms are peculiar and unique, 
and while it is recognized that various factors—such as an unsuitable 
degree of humidity, imperfect ventilation, improper preparation of the 
beds, the presence of insects, and other unfavorable conditions—may 
be the cause of the loss of a crop ora large percentage of it, the growers 
have only recently been led to appreciate that a fungous disease is 
responsible for extensive losses. 

PREVALENCE OF THE DISEASE IN MUSHROOM BEDS. 

Many instances of total failures of mushroom houses are recorded. 
For example, one growe® reports the complete failure of four houses 
and about two-thirds of another house. Houses that should have 

Notr.—This bulletin describes a disease of mushrooms which causes great losses to growers and gives 

methods of control. Of interest to mushroom growers generally. 

49597°—Bull. 127—14——_1 
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produced more than 30,000 pounds yielded less than 1,000 pounds of 
mushrooms, owing to the ravages of this fungous disease. An 
establishment containing over 50,000 square feet of mushroom beds 
was abandoned on account of the heavy losses sustained. 

While the disease is prevalent in most localities where mushrooms 
are cultivated on a large scale, there are mushroom-raising plants in 
these infected districts where the disease has never made its appear- 
ance. There is, however, evidence of a local distribution of the 

disease, and unless proper measures to control the fungus are taken it 
will be only a question of time before all mushroom houses are 
infected. 

Costantin and Dufour (1892c)! state that under the ordinary condi- 

tions of cultivation in a great number of the caves or underground 
quarries in which mushrooms are cultivated abroad, the proportion 
of diseased to normal mushrooms is about 1 to 10. In less frequent 
cases this proportion rises to 1 to 4. Costantin and Dufour and 
Répin (1897) report the losses to the Parisian mushroom growers 
caused by this disease to be about $200,000 yearly. This loss is 
based on a daily estimated production of about 56,000 pounds, at 66 
cents per pound, the yearly production having a value of approxi- 
mately $2,600,000 and losses due to the disease being estimated at 
probably one-tenth of the production. As nearly as can be ascer- 
tained these figures apply to the year 1892. 

OCCURRENCE OF THE DISEASE IN AMERICA. 

The occurrence of the fungous disease of cultivated mushrooms in 
America was first called to the attention of the Department of Agri- 
culture in 1909, when specimens of diseased mushrooms were sent to 
the department with requests for a diagnosis of the trouble. A 
microscopic examination revealed the presence of a fungus, a species 
of Mycogone, similar to, if not identical with, the species causing the 
European disease of mushrooms known as la mle. 

HISTORICAL REVIEW OF THE MYCOGONE DISEASE. 

OCCURRENCE IN EUROPE. 

The Mycogone disease of cultivated mushrooms has been known in 
England, France, and Germany for many years. In France it is 
reported as having been recognized ‘‘for at least three generations of 
mushroom growers,” and it is believed that it was known at a much 
earlier date. Probably the first reference te the disease in scientific 
literature was that of Magnus, who described it in 1888 as being the 
most serious enemy of mushroom growing around Berlin. 

1 All references to literature are indicated in the text by the name of the author and the year of publi 

cation. For full citations, see the list at the end of this bulletin. 
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IDENTITY OF THE FUNGUS. 

The common identity of the fungi studied by different investigators 
in relation to the disease of mushrooms has not been established, but 
it is interesting to note that in each study one of the three concerned 
in the life history of the fungus causing the mushroom disease, e. g., 
Mycogone, Verticillium, or Hypomyces, is the subject of investigation. 
Owing to the similarity of the fungus causing the disease to certain 
stages of diseases of wild species of mushrooms, Magnus called the 
fungus Hypomyces perniciosus. No technical description was given 
by this author and the fungus was only a hypothetical stage of 
Hypomyces. 

Cooke (1889) in England identified the fungus which was causing 
considerable loss to mushroom growers as ‘‘a species of Mycogone not 
unlike Mycogone rosea in many of its features, but referable to 
Mycogone alba,” notwithstanding the fact that he described the larger 
cells of the Mycogone spores as becoming amber colored. 

In Vienna, Austria, Stapf (1889) described a disease of cultivated 
mushrooms, which was attributed to Verticillium agaricinum Corda, 
a conidial stage of Hypomyces ochraceus Pers. Stapf found several 
spores of Mycogone, but could not connect them with Verticillium. 

Prillieux (1892) described a disease of mushrooms and identified it 

as Mycogone rosea, which by analogy he considered a conidial stage of 
Hypomyces linkit Tulasne, although the perfect stage of the fungus 
had never been observed. 

In the same year Costantin and Dufour (1892a) published a note on 
the disease then known as “‘la molle.’””? They described the macro- 
scopic and microscopic characters of the disease and stated that the 
fungus is very similar to Mycogone cervina, though it differs in habitat, 
or host plant. Two types of modification of the mushroom caused by 
the fungus are described. In the first type the cap, stipe, and gills 
are well defined, though the presence of the disease is indicated by a 
stipe swollen at the base, swelling of the gills, and distortion of the 
cap. The second type of the disease is manifested by an early arrest- 
ing of the development of the mushroom, the cap is rudimentary or 
entirely lacking, and the stipe, or stem, is swollen to such a size that 
the affected mushroom has the appearance of a puffball. On the dis- 
eased mushrooms of the first type Mycogone and Verticillium spores 
were found. The Verticillium spores were long, cylindrical-oblong, 
and sometimes two celled. The relationship of these two forms, 
Mycogone and Verticillium, was established by finding the two kinds 
of spores growing on the same mycelium. The second or puffball-like 
type of diseased mushrooms has only a Verticillium with small 
unicellular spores, microscepically quite different from the Verti- 
cullium of the first type. 
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It was at first thought that there were two different diseases, but 
when a sufficient number of specimens were studied all transitions 
between the two forms of Verticillium were found and it was estab- 
lished that it was one disease with two very dissimilar forms of 
fruiting bodies. 

Costantin explained that, together with Dufour, he had previously 
stated that the fungus was similar to Mycogone cervina, but that 
they had not identified it with that species. The fungus also did 
not agree with the description of Mycogone rosea. 

Costantin and Dufour (1892¢ and 1893a) give the most exhaus- 
tive study of this disease of cultivated mushrooms. They discuss 
the two characteristic types of infection, as described in their pre- 
vious article, designating them as the common form and the sclero- 
derma or puffball-like form. The discussion of the fungus immedi- 
ately folowimg embodies the observations made by these authors. 
A microscopic examination of the common form, as_ previously 
described, revealed the presence of a Verticillium having large spores 
variable in size and form. The large spores are two celled, 16 to 
20 by 3.5 », while the small spores are more numerous and one 
celled, 8 by 3 #. This Verticillium is usually found on the gills in 
an early stage of the disease. At a later stage of the disease the 
mushroom is covered with a thick white coating consisting of long 
irregularly and verticillately branched hyphe, upon which are borne 
bicellular ‘‘chlamydospores”’ of a Mycogone. In rare cases these 
large Mycogone spores are three celled and much longer than the 
usual 2-celled spores. At first these two cells are smooth, hyaline, 
or colorless, and almost equal in size; later the terminal cell becomes 
swollen, amber colored, and covered with warts. It is spherical in 
shape and measures about 16 to 20 ». The lower or basal cell is 
smaller, smooth, colorless, and 14 to 16 » in size. 

In specimens of the puffball-ike type of infection the color is at 
first a dirty white, becoming pearl gray or pale rose gray as the 
disease advances. In this latter stage the deformed mushroom is 
covered with a hght velvety tomentum or hairhke coating formed 
of little tufts or filaments much more branched and scattered and 
thinner, but still of the form of Verticilium. The spores are uni- 
cellular, more numerous than the form just described, and much 

smaller, being 4 by 2 y In size. 
Magnus (1906), Cooke (1889), and Prilieux (1892) probably 

observed the disease in the common form, 1. e., the Verticillium 

with large spores and the Mycogone spores, while Stapf (1889), who 
reported only a Verticilium stage, examined the disease in the 
puffball-ike stage, where only the Verticiltum with small spores 
was present. 



THE MYCOGONE DISEASE OF MUSHROOMS AND ITS CONTROL. 5 

As previously suggested by Costantin and Dufour, it might be 
‘supposed that these two forms of Verticillium belonged to two 
distinct diseases. A specimen was found infected in the puffball- 
like manner which had a rose-gray velvety covering and at the 
same time a whitish woolly coating, on the lower part the Verti- 
cillium with small spores, and on the upper part Mycogone and the 
Verticillium with large spores. There was a gradual transition from 
the Mycogone and large-spored Verticilium to the small-spored 
Verticilium. The conclusion is then drawn that there is one dis- 
ease with two forms of Verticillium. This is an interesting fact, 
since Costantin and Dufour by sowing the large-spored Verticillium 
in suitable media produced Mycogone spores. The cultures were 
at first drab in the center and white at the margin, finally be- 
coming a color intermediate between light leather and umber. It 
was impossible to cultivate the large-spored Verticillium alone, as 
this form was always accompanied by the production of Mycogone 
spores. . 

When cultures were made trom the small-spored Verticillium of 
puftball-like infected mushrooms, they remained permanently white 
and only the Verticillium with small spores was produced. Never 
could the small-spored Verticilium be made to take the characters 
of the large-spored Verticilium. 

Tt is concluded that this parasite of the cultivated mushrooms 
differs from Mycogone rosea and Mycogone cervina in habitat, size, 
and color of the ‘‘chlamydospores,”’ but that it is the species named 
by Magnus (1906) Hypomyces perniciosus, although his description 
was insufficient and he regarded the ‘‘chlamydospores” as being 
hyaline, whereas this is only the case in immature spores, for they 
rapidly become amber colored. The authors designate the species 
as Mycogone perniciosa Magnus. 

Evidently Prillieux (1892), who believed the species to be Mycogone 
rosea, later agreed with Costantin and Dufour in considering it 
Mycogone perniciosa, for the sketch he presented before the Botanical 
Society of France has been reproduced and designated as Mycogone 
perniciosa (Prilheux, 1897). 

Delacroix (1900) described the disease ‘‘la méle” as the most 

important of the diseases of cultivated mushrooms, and ascribed it 
to the fungus Mycogone perniciosa Magnus. 
Magnus (1906) discussed the work of preceding investigators and 

concluded that the Verticilliwm agaricnum (Lk.) Cda. given by 
Stapf (1889) as causing a serious disease of cultivated mushrooms 
at Vienna is rather Mycogone rosea Lk. than Mycogone perniciosa 
Magnus as given by Costantin and Dufour. However, the question 
of specific identification is one which Magnus states requires further 
study. 



6 BULLETIN 127, U. S. DEPARTMENT OF AGRICULTURE. 

The fungus causing the disease in American houses is probably the 
one described by Costantin and Dufour (1892c) and called Mycogone 

perniciosa Magnus. Costantin (1893a) gives the morphological dif- 
ferences between Mycogone rosea and Mycogone perniciosa, and, 
although there has been no opportunity to compare our fungus with 
the European species, it is thought that the two species are identical, 
as they agree in both macroscopical and microscopical characters. 

INVESTIGATIONS OF THE MUSHROOM DISEASE IN AMERICA. 

TYPES OF THE DISEASE. 

During the course of the present investigation, specimens of the 
two types or forms of infection as described by the French investi- 
gators were collected in diseased mushroom houses in this country. 
In many cases it was difficult to determine to which type the diseased 
individuals belonged, as there are gradations between the two forms. 
Often cap, stipe, and gills are clearly defined, the presence of the 
malady being indicated by small tubercles on the cap and a fluffy 
white growth on the gills, a form of the disease known in France 
(Costantin and Dufour, 1892c, p. 471) as ‘‘chancre.”’ 

In this country the common form of the disease is similar to that in 
France. The mushrooms are covered with a white, velvety coating, 

which consists of interwoven hyphe. This growth prevents the 
normal development of the individual gills, which become more or 
less coalescent, a condition shown in Plate I. The progress of the 
disease is also frequently accompanied by arrested development and 
by the distortion of the cap and stipe, as well as by the general 
darkening and decay of the tissue. These characters are illustrated 
in Plates IT and III. 

In cases of infection termed by the French the ‘‘scleroderma”’ form, 
the stipe is bulbous and the cap rudimentary or entirely lacking. In 
this form the gills are completely aborted, and the diseased mushroom 
is covered with a coating of interwoven hyphe similar to that of the 
common form. It has been observed that in this form of the disease 
the plants are much softer than in the other form and that they decay 
more rapidly. Monstrous soft masses with thick white coatings of 
the fungus are often observed in houses in which the disease is abun- 
dant. These infected plants have very little resemblance to mush- 
rooms, and they decay rapidly, forming a putrid mass which emits 
a disagreeable, almost acrid odor. Figure 1 illustrates one of these 
masses. Clumps greatly exceeding this in size are often found. 

MICROSCOPIC CHARACTERS OF THE FUNGUS. 

The small-spored Verticilium described by Costantin ana Dufour 
(1892c) has not been observed in the specimens examined from 
American houses, but it has been possible to grow the Mycogone in 
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cultures from inoculations made indiscriminately from the common 
and sclerodermalike forms. Further investigation, however, may 
demonstrate the occurrence of this small conidial form. 

Figure 2 illustrates the Mycogone stage of the disease. During the 
course of the present investigation many hundreds of cultures were 
made, both from infected material and by transfers from pure cul- 
tures of the fungus. With few exceptions, spores of Verticillium 
developed first and later were followed by Mycogone. The spores of 
Verticillium are hyaline, oblong cylindrical, and borne on tapering 
branches. They are generally one celled, but occasionally larger, 
2-celled spores are developed. They are variable in size, the aver- 
age measurement being 20 by 3.5 for the larger 2-celled spores. The 
cell wall is uniformly thin. Often, as noted by Costantin and Dufour 

Fic. 1.—lrregular mass of a diseased mushroom growing among normal mushrooms. 

(1892c) and Priilieux (1897), these Verticillium spores were borne on 

the same hyphe as the Mycogone spores. The Mycogone spores were 
usually produced at the bases of the hyphe strands and the Verticil- 
lium spores at the apexes. 

Figure 2 is an illustration of the Mycogone spores and the manner 
in which they are produced on the mycelium. They are two celled, 
the upper cell spherical and rough or covered with warts. At first, 
both cells are hyaline or colorless; later, the upper cell becomes light 
brown, the lower cell usually remaining hyaline, but in rare cases 
becoming faintly tinged with brown, averaging in size from 20 to 
30 w. The cell walls are thick, while the spores of the Verticillium 
possess very thin walls. 
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THE DISEASE IN MUSHROOM BEDS. 

The study of the mushroom disease in America has proved the 
fungus to be exceedingly variable as regards the time of its appear- 
ance. In some instances evidences of Mycogone were observed when 
the mushrooms were just beginning to appear; again, the crop was 
well developed before being attacked by the parasite. The experience 
of the French growers also proves that the time of the appearance of 
the disease 1s subject to great variation, but that ordinarily it reaches 
its height about the middle of the productive period of the beds. 

The occurrence of diseased mush- 
rooms in an infected house is very 
sporadic. Sometimes isolated dis- 
eased specimens will appear among 
normal mushrooms, while again per- 
fectly healthy mushrooms will be 
observed growing in a badly dis- 
eased bed. An example of a badly 
diseased specimen growing among 
normal mushrooms is illustrated by 
figure 1. 

PROPAGATION AND DISSEMINATION OF THE 
DISEASE. 

The manner in which the parasite 
is propagated in the beds is only 
partially known, but from the ex- 
perience of foreign growers and the 
studies of the writer there can be 
little doubt that the disease is dis- 
tributed by the spawn and that the 
fungus grows up with the mycelium 
of the mushroom, which it finally 
attacks and destroys. 

Fic. 2.—Mycogone spores, showing the thick- ¢ . ; 

walled and warty cells. Magnified 425 A thorough investigation of one 
diameters. From a photomicrograph by 
eens of the American mushroom spawn- 

manufacturing plants in which the 

so-called ‘‘tissue method” of spawn making is practiced leads to the 
conclusion that there is little chance of the disease being carried by 

the spawn where proper precautions are taken to prevent infection. 

To prevent infection of the spawn entails great care on the part of 

the manufacturer. He must be absolutely sure that his cultures are 

made under sterile conditions and that the bricks are kept from any 

chance of contamination by spores of the parasite. Investigation and 

inquiry among most of the large growers in this country have dis- 
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closed the fact that the disease is as prevalent in the beds of growers 
' who use imported spawn entirely as among those who use domestic 
spawn. Instances of the use of both foreign and American manutac- 
tured spawn by growers in localities where the disease was present 
have been noted in which there was no trace of the disease. It is 
the general opinion among American growers that the disease was 
introduced by imported spawn. 
Tn the course of the present investigations it has been possible to 

propagate the parasite in the laboratory on pieces of blank spawn 
bricks! in sterilized bottles. The mycelium of the fungus spreads 
over the pieces of brick, eventually fruiting and producing spores of 
Verticillium and Mycogone. These experiments prove that under 
proper conditions the parasite will grow on the spawn bricks. The 
growth of the fungus appeared to be superficial, and it could not be 
ascertained whether or not the mycelium penetrated the bricks. No 
reliable method has yet been evolved to determine the presence or 
absence of the mycelium of Mycogone in spawn bricks. The ob- 
servation of the writer has been that there are no marked differences 
between spawn in an infected bed and that in healthy beds. 

Although our knowledge is incomplete as to the exact way in 
which the parasite spreads through the beds, because of insufficient 
experiments on this phase of the subject, it seems probable from the 
limited data that the parasite does grow through the manure of the 
mushroom beds and attacks the developing mushrooms, producing 
spores by means of which the disease may be carried to other beds. 
Tn addition to this method of reinfection, the question suggests itself 
as to whether the fungus may not persist for long periods in the 
lumber used in the construction of houses or beds. In order to deter- 
mine this point many cultures were made from the wood secured 
from diseased houses, but at the present time no definite conclusions 
can be drawn. 

LONGEVITY OF THE FUNGUS. 

In order to obtain data which would be of assistance in devising a 
method for the control of the mushroom disease, two distinct lines of 
investigation on the subject of the longevity of the fungus were 
inaugurated. Laboratory and field experiments were continued 
during a period of over three years. While the experiments were 
not sufficiently exhaustive to be conclusive, they are significant and 
interesting. 

Laboratory expervments.—Many different sets of cultures were made 
on corn meal in 100-cubic-centimeter flasks. These were opened, 
examined, and transferred at certain periods in order to ascertain 

1 Blank spawn bricks are bricks in which the mushroom mycelium has not been “‘run,’’ or grown. 

49597°—Bull. 127—14 2 
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their power of germination. Several hundred cultures were made 
during this series of experiments, and no growth was produced from 
cultures after a period of 18 months. It should be stated, however, 
that the cultures were kept in a dry place and were consequently 
thoroughly dried out at the termination of 18 months. That the 
organism retains its vitality for such a period and on an artificial 
medium demonstrates its dangerous nature. The probability is 
strong that in the mushroom house, under more favorable conditions 
of humidity and temperature, it would retain its power of germina- 
tion much longer. 

Field observations.—The writer’s opportunity to study the vitality 
of Mycogone in the beds of different mushroom houses has covered a 
period of about three years. One case for observation was that of 
a new house in which earth was mixed with manure from a badly 
infected house, which manure had been exposed to the weather for 
five years. This house produced a splendid crop of mushrooms, 
which indicates that the fungus exposed to the weather had not 
retained its vitality at the close of this period. A case in which the 
fungus persisted for three years is cited by Costantin. Two caves were 
held under observation; one was new, while the second had been 
used for mushroom cultivation for over 30 years, although the culture 
had not been continuous. This second cave was idle for three years 
before being employed for this experiment. The yield of the new 
cave exceeded that of the second, and the presence of the disease in 

the first was negligible, while in the second it was considerable. 
The conditions and attention in the two caves were practically the 
same, and, while the report does not mention what precautions were 
observed to prevent infection of the new beds, the result would indi- 
cate that the spores in the abandoned cave had retained their vitality 
for at least three years. 

CULTURAL STUDIES TO DETERMINE A MEANS OF CONTROL. 

Many hundreds of cultures of Mycogone were made during the 
course of the present investigation, for the purpose of studying the 
development and habit of the fungus and observing the direct effect 
of fungicides and disinfectants upon the organism. It was found 
that the fungus could be cultivated upon numerous different media, 
but as corn meal in flasks and corn-meal agar proved very congenial 
media they were employed in most of the experiments. The fungus 
grew rapidly, producing vigorous cultures, and practically no diffi- 
culty was experienced from contaminations even when fresh cultures 
were made directly from diseased mushrooms on which spores of 
various fungi were doubtless present. Figure 3 shows a photograph 
of one of the cultures, all of which exhibited a similar vigorous growth. 
In the early stages the cultures of the fungus were white, soon becom- 
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_ing drab in the center and finally light brown. As the method of 
growth is centrifugal and the marginal growth of the culture is the 
youngest, it is the last to become brown. The most important 
physical factor concerned in the growth of the fungus in culture 
proved to be humidity. While ordinarily low temperatures are not 
conducive to the growth of fungi, in the present instance it was found 
that a moist atmosphere was more important to the growth of the 
cultures than a high temperature. This observation was made from 
the study of numerous cultures in flasks and tubes and on various 
media subjected to different degrees of humidity maintained at 
various temperatures. Cultures grew at a temperature as low as 
2° C. (35.6° F.) when considerable moisture was present, while cul- 
tures at a temperature 

oso. ©. O5- F.) in a 

dry atmosphere failed 
to produce any growth. 
This peculiarity of the 
fungus is an important 
factor in the method of 
fumigation. 

TREATMENT WITH FORMAL- 
DEHYDE GAS. , 

In view of the impor- 
tant role of formalde- 
hyde as a disinfectant 
and fungicide and the 
success obtained from 
its use in inhibiting the 
growth of certain para- 
sitic fungi (Patterson, 

Charles, and Veih- 
meyer, 1910), a series of laboratory experiments was performed 
to determine the effect of formaldehyde upon the Mycogone disease 
of cultivated mushrooms. 

The apparatus used in these experiments is fully described and 
illustrated in Bulletin No. 171 of the Bureau of Plant Industry. It 
consists of a large air-tight box provided with a glass door and a set 
of drawers, whereby cultures can be withdrawn from the box at any 
time during the process of fumigation with a minimum loss of the 
formaldehyde gas. 

Fia. 3.—Petri-dish culture of Mycogone on corn meal, 2113,hours 

after inoculation made from an infected mushroom, 

CHEMICALS EMPLOYED. 

The formalin employed in these experiments was purchased in the 
open market and was supposed to be of full strength, which should 
contain 40 per cent by volume of formaldehyde gas (37 per cent 
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weight U.S. P. standard). The formaln-permanganate method was 
used to generate the gas in all the experiments, since it has been 
found that it is the only practicable way of using the gas in mushroom 
houses. By this method formalin is poured on crystals of potassium 
permanganate, and this was the procedure in the laboratory experi- 
ments, but in the practical application of the method it was found 
necessary to deposit the potassium permanganate in the receptacles 
containing the formalin. Chemically pure potassium permanganate 
in finely divided crystals was used. In each of the experiments the 
proportions were 100 cubic centimeters of formalin to 50 grams of 
potassium permanganate. 

EXPOSURES OF CULTURES. 

In the laboratory experiments, pure cultures of the fungus were 
subjected to the direct action of the formaldehyde gas. The cultures 

were exposed to the gas 
in Petri dishes and 100- 
cubic-centimeter flasks.! 

Transfers for checks 
were made from the cul- 
tures to be subjected to 
the action of the gas im- 
mediately before the fumi- 
gation and again imme- 
diately after fumigation, 
in order to determine the 
effect of the formaldehyde 
gas on the vitality of the 
fungus. Figure 4 shows 
the manner in which the 
inoculations were made in 
every case in Petri dishes. 

Fia. 4.—Check culture, experiment 5: Transfer made from There were four centers 
“ul , i : bj d to f ldehyde gas. : : culture before it was subjecte o formaldehyde gas of inoculation, and the 

From a photograph made 1893 hours after inoculation. 

amounts transferred from 

the fumigated cultures were large enough to allow abundant chance 
for the fungus to grow. In the flask cultures four inoculations were 
also made. 

Resuuts or Fumigation witH FORMALDEHYDE ON CULTURES OF THE FUNGUS. 

The results of these experiments are given in Table I. The efficacy 
of formaldehyde in destroying the parasite is clearly shown by these 
experiments. As stated by McClintic (1906), and also by Patterson, 
Charles, and Veihmeyer (1910), it seems that higher temperature and 
humidity increase the fungicida! action of the gas. 

1 The cultures contained Mycogone and Verticillium, as in no instance was it possible to cultivate the 

Verticillium alone. 
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Taste I.—Results of experiments with formaldehyde gas on cultures of the fungus. 

: Number ofcul- | Growth ( period in days)! of the uneus 
- “1A in| tures exposed in checks and in transfers made from 
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RECAPITULATION OF RESULTS. 

| NR Gia Percentage of check cultures and transfers from culuntes: which 
| Formalin | grew after exposure to formaldehyde gas for stated lengths 

Experi- Memperaciii(a165) per days) of | of time. 
ment | re CF.) | ooo cubic| Culture 
No before eons Se at time Ts 

; mixing. of fumi- x 2 1 
H space. | sation Ghecks 15 30 60 90 183 
| | & < *- | minutes. | minutes. | minutes.| minutes.| hours. 

10 76 500 20 83. 33 CPC ee oetent BES Eeead aaral 0 
9 73 600 13 | S3nSoy peace ee | 16. 67 | 30 0 0 
8 78 700 11 | 80 0 0 0 Oo Ee eemee 
la 55 700 | 21M oe OO Mens Bee eee [Rae SSkS3i Wemihi 5s 38h Be quale aeen \Sso5 see eee 
1b 55 700 |e O0) ee cee ne 72.72 | Bovalia eeeocaccss eseosers 
Ic 55 700 7 TOOVE Blea tee ee 90.90 | Ps heel Vaart aes (ee Nona icats 
2 67 700 TG Meer LOO! A ii [sper eal R918) ley 340.90) |e eee eeaen ee 
3 65 800 TCE eye LOOKS | Queens Rs 0 | (atta) a ey sere eed 8 Are ars 
7 76 800 9 100 0 0 | 0 Oi eee eps 
4 76 900 23 IYO) ea ee 0 | 0 OF ee ye ao 
6 74 900 17 STCOT A an AP tee a Lp IT | BESS. Mey ces ea be eso 
5 58 1,000 12 COLO) ied (sa A 0 QE AE Serer Sete te Spear re 7 

| } 

1 The period for growth was reckoned to the time when an indication of growth of the fungus in the 
transfers first appeared. 

2 In experiment 4, 17 cultures also were subjected for 90 minutes to formaldehyde gas, and the transfers 
from them showed no growth. 

3 In experiment 7, 12 cultures were also subjected for 15 minutes and 11 cultures for 90 minutes to for- 
maldehyde gas, and the transfers from them showed no growth. 

4 In experiment 8, 10 cultures were also subjected for 15 minutes to the gas and 10 cultures for 90 minutes. 
None of the transfers grew. 

> One culture contaminated. 
6 In experiment 9, 12 cultures were also subjected for 90 minutes and 11 cultures for 184 hours to the gas. 

There was no growth in the transfers. 
7 In experiment 10, 14 cultures were also subjected for 15 minutes to the gas, and 6 transfers grew in 16 

days; 14 cultures also were subjected for 194 hours and the transfers from them showed no growth. 

The total absence of growth in the transfers from the cultures 
subjected to fumigation and the abundant and vigorous growth in 

see 
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the check cultures were constant and characteristic of this series of 

experiments. 
TREATMENT WITH COAL OI. 

Early in the investigation of the problem of this mushroom disease 
it was learned that certain growers believed coal oil to be effective in 
destroying the spores of the fungus and checking the spread of the 
disease. The coal oil was poured ‘on sections in the beds where 
diseased mushrooms had appeared and was also employed for the 
disinfection of the hands and tools. In order to demonstrate the 

efficacy or inefficacy of this treatment a large number of cultures. of 
the fungus were grown on corn meal in 100-cubic-centimeter flasks 
and subjected to the direct action of the oil. These cultures were of 
various ages, but all in a state of vigorous growth. An arrangement 
was made by which the flasks could be inverted over the nozzle of a 
pipe supplying compressed air and made to pass through a stream of 
coal oil. The compressed air was turned on and the coal oil sprayed 
upon the culture. One half of the cultures were removed after the 
fungus had become covered with a film of coal oil. It was thought 
that this would be comparable to the condition in a mushroom 
house where coal oil was sprayed on the bed boards, walls, floors, 
and ceiling. The remaining cultures were sprayed until they were 
drenched with oil. In these the coal oil thoroughly penetrated the 
culture, which was practically an immersion of the fungus in coal oil. 

As in the experiments with formaldehyde, transfers were im- 
mediately made from the treated cultures. These cultures grew as 
quickly and as vigorously as the check cultures (transfers made 
from the cultures before being treated with coal oil). A sufficient 
number of these experiments were made to demonstrate the inefficacy 
of coal oil as an agent for controlling this disease. 

TREATMENT WITH ADDITIONAL DISINFECTANTS. 

Costantin and Dufour (1893a@) experimented with a variety of 
chemicals, to note their action on the growth of the fungus in cultures. 
The experiments were carried on in such a way that the toxic effect 
of the chemicals could be definitely determined. The following were 
used: Lysol, thymol (or thymic acid), boric acid, copper sulphate, 
calcium bisulphite, and milk of lime. These authors range the 
chemicals in the order of their effectiveness as follows: (1) Lysol 
(2 per cent solution), (2) thymol (2 per cent solution), (3) copper 

sulphate (2.5 per cent solution), (4) boric acid (to saturation). The 

milk of lime which many growers used for cleaning their caves was 
ineffective in preventing the growth of the disease, and the use of 
calcium bisulphite is not advised. From these experiments these 
authors advise the use of a 2 or 2.5 per cent solution of lysol as a 
spray to disinfect mushroom caves. 
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The investigators (Costantin and Dufour, 18926, p. 145) described 
-cultural experiments of the parasite, using sulphur dioxid produced 
by burning sulphur. It was concluded that “sulphur dioxid has a 
very destructive effect upon the spores of the parasite.” Directions 
are given (Costantin and Dufour, 18930, p. 411) for the fumigation of 
mushroom caves by burning sulphur. These investigators in a later 
publication say that the sulphur method of fumigation is attended 
with such inconvenience that spraying with lysol is preferable (Dela- 
croix, 1900). 

The Great Britain Board of Agriculture and Fisheries (1905) recom- 
mends the thorough spraying of the house or other structure in which 
the mushrooms are grown with asolution of sulphate of copper, 1 pound 
of sulphate to 15 gallons of water, three times at intervals of 10 days. 
This treatment has been recommended to English growers since 1905 
(Gardeners’ Chronicle, 1906-1912). 

Costantin and Dufour (1893a, p. 510) found that copper sulphate 
had a very feeble antiseptic action on the parasite. In America the 
attempts to control the disease by this fungicide have been discourag- 
ing to the majority of the growers using it. 

Costantin (1893b, p. 530) and Dufour (Costantin and Dufour, 1893a, 
p. 504), from the results obtained in experiments in a mushroom cave, 
advised the use of a 2.5 per cent solution of lysol. When the cave is 
dry, one spraying is said to be sufficient, but if it is very damp two 
thorough sprayings are to be given. A 2 per cent solution of tysol in 
water was used to check the spread of the disease in the mushroom 
bed in an infected cave. Places where the diseased mushrooms ap- 
peared in the beds were watered with the solution and the disease 
destroyed. In one of these places, watered with the disinfectant, a 
cluster of healthy, normal mushrooms later developed. 

So-called ‘“‘sanitary fluids,’ of which there are quite a number on 
the market, composed of coal-tar derivatives, saponified, are of a 
nature similar to the lysol used abroad. 

Several experiments have been made with such fluids. Although 
the number of these experiments was limited and the results not abso- 
lutely conclusive, in view of the previous French experiments with a 
similar disinfectant it is thought that these sanitary fluids will be 
effective for the uses mentioned, while the price is not prohibitive. 

PRACTICAL EXPERIMENTS TO CONTROL THE DISEASE. 

A practical application was made of the information acquired from 
the results obtained in the laboratory experiments with formaldehyde 
gas in the inauguration of experiments for the control of the disease. 
This economic phase of the work received attention during several 
years. Continuous observations were made of the same houses 
during this period, but each succeeding year additional houses, with 
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their more or less differing conditions, were added as subjects of study 
in the practical application of the formaldehyde method for the 
control of the disease. Experiments were made in fumigating houses 
with different amounts of formaldehyde, the following proportions 
being used: 26 fluid ounces of formaldehyde per 1,000 cubic feet, 1 
quart of formaldehyde per 1,000 cubic feet, and 3 pints of formalde- 
hyde per 1,000 cubic feet. The proportion of 3 pints to 1,000 cubic 
feet was found to be more effective and will probably prove the most 
satisfactory in ordinary practice. In cases in which the leakage was 
considerable, allowance was made for such loss. 

During the course of the present investigation 16 houses were 
fumigated by the writer or according to his directions. Two of these 
houses were fumigated at the rate of 26 ounces of formaldehyde per 
1,000 cubic feet, five at the rate of 1 quart of formaldehyde per 1,000 
cubic feet, and nine at the rate of 3 pints of formaldehyde per 1,000 
cubic feet. 

Two houses which were total failures the season previous to fumiga- 
tion, after treatment produced crops which the grower reports as 
follows: ‘‘I believe that I never had a finer or more promising house 
or better mushrooms.’ The results of fumigation were successful in 

all cases in which the proper sanitary methods were observed to pre- 
vent reinfection of the houses. 

From the writer’s observations of the results of these experiments 
with fumigation and the satisfaction expressed by the growers in the 
course of conversation or correspondence as to the efficacy of the 
treatment, the important réle of formaldehyde as an agent in con- 
trolling the mushroom disease seems practically demonstrated. 

MEASURES OF CONTROL. 

As a result of the present investigation of the Mycogone disease of 
mushrooms, the following measures may be advised for the control of 
the fungus. The treatment is more or less prophylactic in its nature 
and seeks rather to prevent the appearance or spread of the disease 
than to eradicate the fungus after it has actually made its appearance. 

SANITATION NECESSARY IN RELATION TO THE DISEASE. 

Too much emphasis can not be placed upon the danger from the 
fungus, because of its highly infectious nature. The remarkable 
rapidity with which the fungus is propagated and the great vitality 
possessed by the spores, as shown in the preceding pages, make it 
absolutely essential to observe great care in the construction of new 
beds or in passing from an infected to a noninfected bed. The ways 
in which the spores may be carried from place to place are numerous. 
They may be contained in the manure or soil for the casing of the 

beds, in particles of earth or manure adhering to the boots and shoes 
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of the workmen, or they may be present on tools and implements used 
‘in the mushroom houses. Wind and insects, especially the mushroom 
fly, are probably active agents in the distribution of the disease. 

It is a deplorable fact that there are growers who allow diseased 
mushrooms to decay on the beds. There is in many cases so much 
discouragement due to losses occasioned by the disease that no effort 
is made to clean off the beds, the growers being content to pick what 
few normal mushrooms they can and avoid the labor necessary to 
suitably dispose of diseased specimens. 

Figure 5 shows a photograph of a bed which has been practically. 
exhausted, no normal mushrooms being produced. The grower has 
allowed the diseased masses to remain and decay and these will produce 
millions of spores, which will become a menace to new beds. These 
spores will become mixed with the manure and earth when the beds 

Fic. 5.—Diseased mushrooms left to decay upon the beds to become a menace to future crops. 

are removed and, if not suitably disposed of, may be introduced into 
the house when new beds are made. 

All diseased material should be picked off as soon as it makes its 
appearance. The labor of keeping the beds clear of the diseased 
specimens will be repaid many times over in preventing the spread of 
the malady. An important measure for the control of the disease is 
to prevent the production of spores of the parasite. 

Places in the beds where the fungus appears may ve treated with 
either of the disinfectants mentioned, formalin or one of the ‘“sani- 
tary fluids,’ to prevent the spread of the disease. Diseased mush- 
rooms picked from beds should be soaked with a disinfectant. For 
this purpose a solution of 1 gallon of formalin to 1 barrel of water (45 
gallons) should be used. The only reason for not using formalde- 
hyde solution is the discomfort in handling it. Its fungicidal action 
against the disease has proved to be effective. In place of the 
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formaldehyde solution, one containing 5 per cent—a gallon to a barrel 
of water—of one of the sanitary fluids composed of coal-tar deriva- 
tives will be satisfactory. This percentage is higher than that 
commercially recommended. 

When the material is removed from the bed at the completion of the 
production of the crop, it should be immediately removed to places 
where there will be no possibility of bringing the disease back into the 
houses. The Mycogone disease, as far as is known, does not affect 

other cultivated crops. The old compost may therefore be used as a 
fertilizer, but it should be sold only to farmers who will carry it to a 
distance and to a locality where mushroom cultivation is not prac- 
ticed. , 

The ground in the vicinity of the houses, the composting yard, and 
places with which the diseased materials have come in contact must 
be thoroughly sprayed with one of the disinfectants. If it is necessary 
to place the new manure or soil on ground where the old compost 
from diseased houses has rested, it will be necessary to give several 
such sprayings. 

All tools, carts, wagons, and wheelbarrows which have been used to 
handle the infected materials must be thoroughly treated with the 
disinfectant. 

Soil for the casing of the beds and for mixing with the manure must 
be selected from a place which has not been in contact with the disease. 

. The houses which have been fumigated shouldbe kept closed until 
precautions to prevent the reentrance of the disease have been taken. 

DrIrReEcTIONS FOR FumicaTtinc MusHroom HOUwSEs. 

Preparatory to fumigation, the houses should be completely cleaned 
of all old bedding material and thoroughly swept. The proper 
method for the disposal of this material has already been described. 

A warm, moist day should be selected for fumigation, as the fungi- 
cidal effect of the gas is greater under such conditions. To this end, 
the house should be thoroughly sprayed with water and kept warm 
for about a week or ten days. To insure sufficient humidity, this pro- 
cess should be repeated the day before the fumigation is to be per- 
formed. The houses should be closed and sealed and made as nearly 
air-tight as possible by pasting paper over all cracks and filling up 
all openings, thus preventing the escape of the gas. If care is not 
exercised to prevent leakage of the gas, the fumigation may be ren- 
dered ineffective. The same grade of formaldehyde (or commercial 

formalin) as that used in the experiments with pure cultures of the 
fungus is advised for practical work. 

Three pints of formalin should be allowed for every 1,000 cubic 
feet of space, the reagents. being used in the proportion of 1 pint of 
formalin to one-half pound of potassium permanganate. In houses 
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24 by 100 feet, the usual size of mushroom houses, at least three 
‘receptacles should be used in which to generate the gas. It does not 

- matter what the material of the receptacles may be, for the formalin 
has no corrosive action, but the heat of the chemical reaction, when 
potassium permanganate (permanganate of potash) is added to the 
formalin, might break glass receptacles. Half barrels, wash tubs, and 
iron or earthen receptacles are suitable, but it is advisable to select 
containers in which the diameter of the top is greater than that of 
the base. The formalin should cover the potassium permanganate 
when it is placed in the receptacle, which should be deep enough to 
insure the formalin from splashing over as a result of the vigorous 
chemical action. 

The proper amount of formalin is measured and divided among 
the number of receptacles to be used in each house, while the proper 
proportion of potassium permanganate to be added to the formalin 
in each receptacle is carefully weighed out into paper or cloth bags. 
It will be found more satisfactory and the possibility of error may 
be avoided if ike amounts of formalin and potassium permanganate 
are placed in each receptacle. If convenient, receptacles of a uniform 
size should be selected. 

The weighing and measuring of the chemicals should be accom- 
plished as quickly as possible after the receptacles contaming the 
formalin are placed in the house. It is advisable to weigh the potas- 
sium permanganate into the bags first and then to measure the for- 
malin for the respective receptacles, since considerable gas will be 
given off from the formalin and the house being almost air-tight, © 
extreme physical discomfort due to the formaldehyde gas might 
result. The receptacles contaiming the formalin are then placed in 
position in the aisles of the house. In average-sized houses it will 
be sufficient to place the receptacles in the center aisle, but in larger 
houses the gas must be more evenly distributed by placing some of 
the receptacles in the several aisles. There will be required as many 
persons to place the bags of potassium permanganate in the formalin 
receptacles as the number of aisles in which the receptacles have 
been placed. 

A bag of potassium permanganate is placed beside each receptacle 
containing the proportionate amount of formalin. When everything 
is ready, the operator in each aisle, if there are receptacles in more 
than one aisle, goes to the farthermost receptacle in that aisle and 
places the bag of potassium permanganate in the formalin, the 
operation being simultaneous in each aisle. Egress is made through 
the door at the end of the aisle, which is quickly closed and tightly 
sealed. 

The operation should be accomplished as quickly as possible, and 
care should be taken to prevent accidents, for inhaling large quantities 
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of the gas may prove eae urious. Formaldehyde has a distressing 
effect upon the eyes, and also attacks the mucous membranes, with 

consequent discomfort. 
The potassium permanganate may be placed in the receptacles first, 

which should be of selected size, so that it will just cover the base of 
the receptacle. This was the method followed in the cultural experi- 
ments, but, as already stated, for general practice it was found more 
convenient to place the formaldehyde in the receptacles first. 

The formalin-permanganate method of fumigation differs radically 
from other methods. The potassium permanganate 1s decomposed 
by a part of the formalin, and the heat of this chemical reaction serves 
to liberate formaldehyde gas. 

Formaldehyde gas is explosive when in a confined place, such as a 
mushroom house; consequently, all lights must be kept away from the 
houses while they are being fumigated. Even after the receptacles 
containing the formalin are placed in the houses, they should not be 
entered by persons with lights. 

The houses should be kept closed for at least 24 hours. If possible, 
they should be unopened until just before the new beds are to be 
installed, thus preventing any chance of their being infected meantime. 
Under no circumstance should the houses be opened until the manure 
which had been taken from them has been removed and the ground 
where it was placed thoroughly disinfected in the manner described. 

CONCLUSIONS. 

The disease of cultivated mushrooms is the cause of extensive losses 
to growers in this country, who state that unless precautions are taken 
to prevent its spread it will necessitate the abandonment of the indus- 
try in infected localities. 

The disease of cultivated mushrooms apparently is the same as that 
which has caused great losses to foreign mushroom growers for many 
years. 

This disease is caused by a fungus, a species of Mycogone, which has 
two forms of spores, one possessing thin and the other thick walls. 
Experiments prove that the thick-walled spores retain their vitality 
under ordinary cultural conditions for considerable periods of time. 
A moist atmosphere is essential for the growth of the fungus, as 
moisture rather than heat favors luxuriant growth. Cultures kept 
in a dry place were found to retain their vitality about 18 months. 
This would indicate that under natural conditions the life of the spores 
would be much longer. 

The removal of the diseased mushrooms as soon as they appear will 
prevent the production of the thick-walled spores and thus lessen 
the spread of the disease. 
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As the disease is carried by many different means, the greatest care 
“must be taken to prevent the infection of clean houses. There are, in 
general, two ways in which infection may take place: (1) It may be 
introduced into the house by means of the spawn and (2) the manure 

or soil for the beds may contain spores of the fungus. In the first 
case, the disease becomes evident as soon as the mushrooms begin to 
make their appearance, and all portions of the beds are affected. In 
the second case, beds may become infected by spores from a previously 
diseased crop. Air currents free these spores from crevices or wher- 
ever they may have lodged and thus assure a recurrence of the 
trouble; insects may carry spores from other diseased beds, or from 
diseased material which has been allowed to remain outside the houses, 
or spores may be carried on clothing or tools. When the spores of 
the parasite are introduced in such a manner, the disease may make 
its appearance a considerable time after the crop has begun to bear. 

The abandonment of diseased houses for less than three years will 
be insufficient to rid them of the parasite, and a period of more than 
three years may be necessary. 

Formaldehyde-gas fumigation and the observance of proper san- 
itary measures should be employed. 

Formaldehyde gas, even in small quantities, retards the growth of 
the fungus, and when sufficiently strong will destroy the spores. A 
rate of 3 pints of formaldehyde or formalin per 1,000 cubic feet should 
be used, in the proportion of 1 pint of formalin to one-half pound of 
potassium permanganate. 

Fumigation will control the disease in Ne houses, but will not keep 
them free, since bringing infected material, tools, etc., into the houses 
will agatonnnlee start the disease anew; therefore every precaution 
should be taken to prevent the reinfection of the houses after they 
have been fumigated. 

Coal oil has no effect upon the spores of the parasite. 
Diseased material should be removed from the houses immediately 

and treated with a disinfectant, preferably a solution of 1 gallon of 
formalin to about 45 gallons of water. This disinfectant should be 
used to spray all places where diseased material has been. Tools 
and conveyances should also be treated. 

The disease is highly infectious, and the measures to be taken are 
more prophylactic than palliative in their nature. 

Certain questions are yet to be solved concerning the life history 
of the fungus, such as the development of a perfect stage, but the 
method evolved for the control of the disease has proved effective 
and has resulted in saving large sums to mushroom growers. 
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DISTRIBUTION AND MIGRATION OF NORTH 
AMERICAN RAILS AND THEIR ALLIES. 

By WELLS W. Cooke, 

Assistant Biologist. 

INTRODUCTION. 

The North American rails and their allies, the cranes, gallinules, 

coots, and others, are considered game birds in many localities, but 

until within the last few years they have received scant protection. 
As a matter of fact they include among their number several species 
that are not only of harmless habits but of great food value. This 
is particularly true of the sora, or Carolina rail, which until recently 
has existed in immense numbers in the marshes of the Atlantic States, 

and which not only has been a favorite object of pursuit by sports- 
men but also has been regarded as a highly prized table delicacy. 

Another species, than which none more striking exists in North 
America, is the stately white crane. This bird used to stalk over the 
prairies but is now almost extinct, and a few more years will probably 
witness the passing of the last individual. The draining of the Ever- 
glades probably will mark the end also of the contingent of its smaller 
relative, the sandhill crane, which nests in Florida. While the de- 

struction of such birds is to be deplored it seems to be a necessary 
concomitant of the settlement of the wide areas they once called home. 
A large bird that furnishes meat of a high grade can not be expected 
to survive long in a thickly settled country. Owing to their fine ap- 
pearance, harmless habits, and economic worth, it is highly desirable 
to withdraw all cranes from the list of game birds and preserve as 
long as possible the few now remaining. 

Rails differ markedly from cranes in appearance and _ habits, 
although they belong to the same family. Chiefly marsh or meadow 
breeding birds, they spend most of their time well concealed in rank 
swamp vegetation, where they are out of harm’s way. Several of 
the species are few in numbers, but they are so secretive that they 

Notre.—This bulletin aims to give precise information as to the ranges of the several species of North 

American rails and their allies, the cranes, gallinules, coots, and others, especially in regard to breeding 

ranges and migrations; and to furnish data sufficient to serve as a basis for protective legislation for the 

species by States in which they are found. 

50602°—14——1 
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probably maintain their numbers in spite of persecution. The one 
striking exception is the sora, or Carolina rail, for which a special plea 
needs to be entered. 

Considered a game bird in many parts of the United States, the 
sora has rapidly decreased in numbers. Many hunters are fond of 
the sport of rail shooting, and since each hunter requires a boat and a 
pusher, the rail-shooting season is an important factor in the total 

yearly income of a large number of boatmen in the neighborhood of 
rail marshes. 

The sora was originally the most abundant of the rails, and is still 
able to care for itself during the breeding season, when it is thinly 
scattered over an immense area of fresh-water marshes. During 
migration, however, it betakes itself to tidewater marshes and here 
falls an easy prey to the hunter. Hach high tide forces the bird from 
its safe retreat in thick grass or bushes and affords the hunter a chance 
to pursue his game in the open, when the number of sora killed is 
almost past belief. A long-noted resort for the sora is the flat land 
near the mouth of the James River, Va. Here at the height of the fall 

migration in September the reeds used to be fairiy alive with count- 
less thousands of these birds. That their number is now sadly re- 
duced can easily be understcod from the hosts that have been shot on 
these marshes. Two men in two days, September 15-16, 1881, killed 
1,235 of the birds, while as many as 3,000 have been shot in a single 
day on a marsh of hardly 500 acres. In the light of such figures no 
one need ask what is becoming of the game birds or what is their 
probable fate. Immediate steps should be taken to decrease the bag 
limit in order to prevent the destruction of the species. 

The sora is a game bird that should be especially fostered. Its habits 
are absolutely harmless; it breeds only in places that are not suitable 
for agricultural purposes; it will live and thrive in marshy spots too 
small to harbor any other species of game bird; and it is so widely 

distributed and so capable of adapting itself to a wide range of con- 
ditions, that if given a fair chance and not too severely harassed 
during the shooting season, it will survive in abundance as a game bird 
long after many other species have succumbed before the advance of 
intensive agriculture. 

While the salt-marsh breeding rails have not been so severely perse- 
cuted as the sora, they are numerous enough and important enough 
both for food and sport to warrant more effective protection than has 
hitherto been afforded them. They should at least be allowed to 
breed in peace, and robbing their nests should be prohibited. 

A word may be said also in favor of the much despised coot. Many 
hunters class this bird with the crow as regards edible qualities. 
However, those who have tasted coot only in winter or spring after 
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it has fed for many weeks on the animal life of the salt-water marshes, 
would not recognize the taste of the bird in October in northern 
Minnesota, after it has been fattened on that best of all duck foods, 
wild rice. But everywhere in the United States coots and gallinules 
should be recognized by law and their killing should be forbidden dur- 
ing the closed season on ducks, if for no other reason than that their 
slaughter may not be used as a blind to hide the killing of the more 
valuable ducks. 

DISTRIBUTION. 

The North American rails and their allies include 36 species and 8 
subspecies, a total of 44 forms. Twenty-one of these (16 species and 5 
subspecies) are found only in the West Indies and Middle America, 
and two are Hastern Hemisphere species that are casual or accidental 
in North America. This leaves 18 species and 3 subspecies, or 21 
forms, that occur in the United States. 

SOUTHERN FORMS NOT RANGING 

Cuban king rail (Rallus elegans ramsdeni). 

Mexican king rail (Rallus tenwirostris). 

Bahama clapper rail (Rallus crepitans 

cory). 

Caribbean clapper rail (Rallus longiros- 
tris caribaeus). 

Cuban clapper rail (Rallus longirostris 
cubanus). 

Yucatan clapper rail (Rallus pallidus). 

Spotted rail (Limnopardalus maculatus). 
Lawrence wood rail (Aramides axillaris). 
Cayenne wood rail (Aramides cajanea). 

Mangrove wood rail (Aramudes- albiven- 

tris). 

NORTH TO THE UNITED STATES. 

Nicaragua wood rail (Aramides plumbei- 
collis). 

Red rail (Amaurolimnas concolor). 

Mexican yellow rail (Porzana goldmani). 

Yellow-bellied rail (Porzana flaviventris). 

Rufous rail (Porzana rubra). 

Ash-headed rail (Creciscus cinereiceps). 

White-throated rail (Creciscus albigu- 
laris). 

Wandering rail (Creciscus exilis vagans). 
Caribbean coot (Fulica caribaea). 

American finfoot (Heliornis fulica). 

Guatemalan sun bittern (Eurypyga ma- 
jor). 

EURASIAN FORMS ACCIDENTAL IN GREENLAND. 

Spotted crake (Porzana porzana). | European coot (Fulica atra). 

FORMS RANGING IN THE UNITED STATES. 

Whooping crane (Grus americana). 

Little brown crane (Girus canadensis). 

Sandhill crane (Grus mexicana). 
Limpkin (Aramus vociferus). 

King rail (Rallus elegans). 

Belding rail (Rallus beldingt). 

California clapper rail (Rallus obsoletus). 

Light-footed rail (Rallus levipes). 

Clapper rail (Rallus crepitans crepitans). 
Louisiana clapper rail (Rallus crepiians 

saturatus). 

Florida clapper rail (Rallus crepitans 

scott). 

Wayne clapper rail (Rallus crepitans 

waynet). 

Virginia rail (Rallus virginianus). 

Sora, or Carolina rail (Porzana carolina). 
Yellow rail (Coturnicops noveboracensis). 
Black rail (Creciscus jamaicensis). 

Farallon rail (Creciscus coturniculus). 

Corn crake (Crex crex). 

Purple gallinule (lonornis martinicus). 

Florida gallinule (Gallinula galeata). 

Coot (Fulica americana). 
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| MIGRATION. 

Rails and their allies include both migratory and nonmigratory 
forms. Most of the salt-water species remain in the same marshes 
the entire year, while the greater number of those breeding near fresh 
water perform longer or shorter migrations. Much misunderstanding 
has arisen in regard to the powers of flight of some of the species. 
The flight of the sora is so slow and labored and the bird seems so 
reluctant to use its wings that some writers have supposed that it was 
unable to fly long distances and that its migration was therefore a 
series of short flights or even performed on foot. As a matter of fact 
the sora is among the long-distance migrants, the most northern 
breeders traveling not less than 2,500 miles to the nearest winter 
home; and those wintering south of the Equator being at least 3,000 
miles from the nearest breeding grounds. Thousands make the 
hundred-mile flight between Florida and Cuba, and there is reason to 
believe that many individuals easily achieve the 500-mile passage 
from Florida to Yucatan, and the equally long journey from the West 
Indies across the Caribbean Sea to South America. 

As in previous bulletins of this nature,’ the data on distribution and 
breeding have been collected from both published and unpublished 
sources; the migration data are taken principally from reports of 
observers scattered all over the United States and Canada, who for 
30 years have been furnishing the Biological Survey extensive records 
of bird movements. 

NORTH AMERICAN RAILS AND THEIR ALLIES. 

WHOOPING CRANE. Grus americana (Linnaeus). 

Range.—North America, from northern Mackenzie to Florida and 
central Mexico. 

Breeding range.—Many years ago, when the whooping crane was 
common, it was known to nest north to Great Slave Lake (Coues) 
and south to Oakland Valley, Iowa (eggs in U.S. National Museum), 
the breeding range being a northwest and southeast strip 1,500 
miles long by less than 300 miles wide. The species probably 
nested over a much wider area, since Hearne says that in his day, 
about 1770, it occurred on the coast of Hudson Bay [near Fort 
Churchill], and on May 25, 1865, Macfarlane saw it at Fort Ander- 
son, Mackenzie, and about the same time Ross saw it at Fort Simp- 
son, Mackenzie. It nested east of Dubuque, Iowa (Coues), Mille 

Lacs, Minn. (Trippe), and Oak Point, Man. (Small); and west to 

Spirit Lake, Iowa (Mosher), Herman, Minn. (Roberts and Benner), 
Larimore, N. Dak. (Eastgate), Qu’Appelle, Sask. (Hind), and Stony 

1 Bul. 45, Biol. Sury., U. S. Dept. Agr., 1913, ‘‘ Distribution and Migration of North American Herons 

and Their Allies,”’ et al. 
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Plain, Alta. (Stansell). At the present time the species has proba- 
bly ceased to breed anywhere in the United States or Manitoba, and 
the few remaining individuals—for the species is almost extinct— 
spend the summer in southern Mackenzie and the northern parts of 
Alberta and Saskatchewan. 

1@ BREEDING 
© OCCURRENCE IN SUMMER 

A+ WINTERING 

> OCCURRENCE IN WINTER 

Fig. 1.—W hooping crane (Grus americana). 

Winter range.—The winter range is rather restricted, extending 
from southern Louisiana (Audubon), along the coast of Texas to 

northern Tamaulipas (Nelson), La Barca, Jalisco (Goldman), and 

Silao, Guanajuato (Nelson). Formerly the species ranged in winter 
eastward to western Florida (Nuttall). 
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Migration range-—The whooping crane seems to have had a pro- 
nounced southeastward migration in the fall, brmging it to Emsdale, 
Ont. (Fleming), Yarker, Ont. (Ewart), Cayuga Lake, N. Y. (Eaton), 
and Beesieys Point, N. J. (Turnbull). There are good grounds for 
believing that in early colonial times it wandered not rarely to 
Vermont and Massachusetts. It ceased to visit New England a 
century ago, and there are hardly a half dozen records of its occur- 
rence in the last 25 years east of Lake Huron and the Allegheny 
Mountains. ; 

The whooping crane probably was never a common visitor to the 
South Atlantic States. Audubon’s records of the crane in that part 
of the country refer to the sandhill crane, but one was seen about 
1850 on the Waccamaw River, 8. C. (Wayne), and there was a 

specimen in the museum of the Academy of Natural Sciences of 
Philadelphia, sent from St. Simon Island, Ga. 

The whooping crane has wandered westward a few times to Big 
Sandy, Mont., May 1-5, 1903 (Coubeau); Terry, Mont., October 5, 
1904 (Cameron); Loveland, Colo. (Smith); and southern New Mexico 

(Henry). 
Spring migration. 

Num- Average F 
Biace ber of | date of Har esvdate 

; years’ | spring areas 
records. arrival. iy 

Ste owis, Mole cccsec cote saccccssccets wee eceteee f onssone cowed Soalose 3 | Mar. 22 | Mar. 17,1884 
MLOLES DUPLO Saar cise coe cists ee nine Sowell cies ae eae ean ce tees | pera chee ral cee Mar. 9, 1894 
ATV GTATIOAY LOW Datars cine eee teen Sree oe tee ee ae ee ee eee 
SLOMM ARO OWE wack se Soe aotechic noes ei eee aa a en ere anaes 
FCTOTIT A Os Min Tease oem sexe retain Safe ete are a oe ee nee e a 
Bonham extre esc desc wtewes coke tore seme nae e ee eee eee seus Sas 
East-central Kansas 

Harrisons Dak. (Mean) ss sos ssaneecn cee bandas cones smote ase ecmn see 
Northeastern North Dakota 
Oweland*: COlOmcaee 2 si tsece ec coe ae oe coc amen nae cee eee ee wen eee 
FAW OTING MEI Ticet eens Ra NO erm ere Se ise erent tle Wa ee Se mete a nanhe 
iindiangleads Sass (Near) << Gece wiadinwe bias sae se asec. seiesg eases a OF 
SLOnyeblainy Altacnksese2co cece one csk ae Nance cones Soars eee ooene eal eee eee eameeeee May 21,1909 
tay RiversMackenzieiwes. oon. sces 6. tee o ns somes ans ones ainaeeee se neeee 
WiillowaRivers: Mackenzie ce 2. ukcds.co. 2 cen scctaass eee eee seek co semen} 
MONTE; MaCKenZiGxs at ae = ake mes cca coe e nee oes s one eee ne coe eee 
HoTovANd ersons, Macken 710s oo 225 a8 ee aa eee enone eae cee e ec e sate 
Brownsville, Tex............-- 
Bonham, Tex....... 
Bay St. Louis, Miss. 
East-central Kansas........... : 4 
WasternsNebraskas seme fotsec cece ee ee acme ne eo ae ee ee ae eee | 4| May 10] May 16,1890 
ETaITISOU, Ss Dake s2ces co dece oases pe acceso ene eto sesame eee eee se 2| Apr. 30 | May 15,1891 

Eggs have been taken April 25, 1868, at Dubuque, Iowa (specimens 
in U.S. National Museum); May 2, 1882, at Clear Lake, lowa (Goss); 
May 26, 1894, near Eagle Lake, Hancock County, lowa (Anderson); 
and May 16, 1900, at Yorkton, Sask. 
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Fall migration. 

Num- | Average . 
per of | date of | Earliest date 

Place. 5 of fall 
years fall ar- ea 

records.| rival. BENE 

NOMMEASTOLOVSOUL NED akOtawee sone see sen oe se ee eee ese Ee sone ee wens 3 | Sept. 8 | Sept. 8,1891 
IBIAS TODMEN Obras kaze tem yen cll as uate Beet ra seine MER SKN OM nee ae 6] Oct. 6] Sept. 19, 1891 
LUG UTEz TAO bes ION pti gS cae a a A teste ee ta Seether ar ncau sera Pane Retype get ee Sept. 4, 1902 
TE CCAS NAN yh ES a Sa Ne ae a a LAD eg Aug. 26, 1886 
IBOMa en, Wee Con OES AO sop anebe sane abo ceoosUaeeeeSbeE ad eaoncao| Seopa |sAsacesase Oct. 8,1888 

Num- | Average | + 
‘ ber of | date of | Latest date Place. piel of the last 

years’ | the last Sa KEEL 
records.| one seen, Boe 

AASHAGIEIG Os Se oa od ey eRe NE a PR a i ohana eR pe 3 | Oct. 10 | Oct. 12,1904 
Ie BYR Ora SS AD Bes se eh as Genre Fae A Aue Or B75 DAE AN ae me mB 2 | Oct. 29 | Nov. 1,1891 
IB aBGIM ING OBI ae eae ae ee eS aaa ooo cn eae ORME a ame ma oe 3 | Oct. 26 | Nov. 12,1890 
(Ta VRN ER TERI OS) Ss aA Ny la A a co Rs a [eect eee Oct. 18,1907 
EVE TO TIBI AKO MEN TIT Tse see eee se Pye io ellen vores mualtage mene Neyateate dears Cauteeaareaw lias alan fo Resear ees Noy. 18,1885 
Deca Commins JOWE edcaend ana sosoobAocan cnc oon bHSoUSEnEH abe: BacEesecd SS abpaa4 aoesbarese Nov. 12,1871 
iBaiMleniin, “Mx 5 San asooee toc Hose dee pEEEcooeoseTs sausS Ur Esooppocooaor oe 3 | Nov. 19 | Nov. 22,1888 

LITTLE BROWN CRANE. Grus canadensis (Linnaeus). 

Range.—North America from the Arctic islands to central Mexico. 
Breeding range.——The little brown crane is the northern represen- 

tative of the common sandhill crane of the United States, and breeds 
north to Ponds Bay, Baffin Land, iatitude 73° (McClintock), Bay of 

Merey, Banks Land, latitude 74° (Armstrong), and Colville River, 
Alaska, latitude 71° (Murdock); and ranges north in migration to 
Point Barrow (Stone). It breeds west to Kotzebue Sound, Alaska 
(Grinnell), Semiayine Strait, Siberia (Nordenskjold), Lawrence and 
Matthew Islands, Alaska (Nelson); and migrates still farther west to 

the Near Islands, Alaska (Turner). The breeding range extends 

south to the Nushagak River, Alaska (McKay), Big Island, Macken- 
zie (Coues), and near Cape Eskimo, Keewatin (Preble); and east to 
Southampton Island, Keewatin (Hifrig), and Igloolik, Melville 
Peninsula (Parry). The summer home therefore is a parallelogram, 
2,500 miles from east to west and one-third as much from north to 
south. 

Winter range-—Compared with the above outlined breeding range, 
the little brown crane occupies a comparatively small area during the 
winter season, extending from San Patricio, Tex. (Sennett), to Rio 
Verde, San Luis Potosi (Allen), Silao, Guanajuato (Nelson), and La 
Barca, Jalisco (Nelson and Goldman). A specimen was taken at 
San Rafael Mission near San Francisco, Cal., in January (Buturlin), 

but this probably was an accidental occurrence. 
Migration range——The little brown crane is a migrant in the 

region of the Rocky Mountains and the Great Plains lying imme- 
diately between the summer and the winter homes, but even here the 
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records are few and far between, owing to the difficulty of dis- 
tinguishing this species from the more common sandhill crane. The 
normal migration range may be said to extend east te Manitoba and 

® BREEDING 

O OCCURRENCE 

+ WINTERING 

Fig. 2.—Little brown crane (Grus canadensis). 

Towa, beyond which wanderers have been recorded from ‘Trout 
Lake, Keewatin (Murray); near Johnstown, Wis. (Kumlien and 

Hollister); Clark County, Mo. (Widmann); Alexander, Prince Edward 
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Island, September 22, 1905 (Moore); Natick Hill, R. I., October 9, 
-1889 (Howe and Sturtevant); and near Mount Pleasant, S. C., 
October 18, 1890 (Wayne). The species is rare on the Pacific slope, 
but has been noted at Chilliwack, B. C. (Brooks); Roy, Wash. 
(Thayer); Fort Klamath, Oreg. (Merrill); Ash Meadows, Nev. 
(Fisher); and Los Angeles, Cal. (Grinnell). : 

Spring migration.—The arrival of the species in spring has been 
noted in Clark County, Mo., April 10, 1896 (Widmann); Whiting, 
Towa, April 6, 1886 (Anderson); near Johnstown, Wis., April 4, 1894 
(Kumlien and Hollister); Portage la Prairie, Man., May 5, 1898 
(Atkinson); Carlton House, Sask., April 28, 1827 (Richardson); 

Indian Head, Sask., April 28, 1910 (Lang); Fort Vermilion, Alta., 
April 24, 1906 (White); Hay River, Mackenzie, May 1, 1908 (Jones); 
Fort Resolution, Mackenzie, May 7, 1860 (Kennicott); Fort Provi- 
dence, Mackenzie, April 28, 1905 (Jones); Fort Simpson, Mackenzie, 
May 9, 1904 (Preble); Felix Harbor, Franklin, latitude 70°, June 4, 
1830 (Ross); Igloolik, Franklin, latitude 69°, June 25, 1823 (Parry); 
Los Angeles, Cal., March 21, 1904 (Grinnell); Ash Meadows, Nev., 
March 10, 1891 (Fisher); Okanogan Landing, B. C., April 20, 1906 
(Brooks); Fort Kenai, Alaska, May 4, 1869 (Bischof); St. Michael, 
Alaska, May 7 (Nelson); near Kigulik Mountains, Alaska, May 10, 
1905 (Anthony); Kowak River, Alaska, May 14, 1899 (Grinnell); 
Point Barrow, Alaska, June 1, 1883 (Murdock); and Bay of Mercy, 
Franklin, middle of May, 1852 (Armstrong). 

If these isolated records represent the average dates of migration, 
then the little brown crane occupies about 65 days in passing the 
2,800 miles from southern California to Banks Land, an average of 
about 40 miles a day or scarcely an hour’s flight. » 

Eggs have been found at St. Michael, Alaska, May 27, 1879 (Nel- 
son); Kowak River, Alaska, June 14, 1899 (Grinnell); and young 
just hatched at Montreal Island, Mackenzie, August 2, 1834 (King). 

Fall mgration.—little brown cranes that had nested in Siberia 
were observed August 18, 1880, crossing Bering Strait to Alaska 
(Bean), and this probably represents about the beginning of the fall 
migration. The birds continue to pass south for a month and the last 
one seen is reported on Kowak River, September 4, 1898 (Grinnell) ; 
St. Michael, Alaska, September 27, 1880 (Nelson); Fort Reliance, 
Mackenzie, September 14, 1907 (Seton); near Athabasca Landing, © 
Alta., September 22, 1903 (Preble); Terry, Mont., October 10, 1898 
(Cameron); Okanogan Landing, B. C., September 22, 1888 (Brooks) ; 
Edmonds County, 8. Dak., October 22, 1883 (specimen in U. S. 
National Museum); Glendo, Wyo., October 7, 1898 (Jesurun); and 

Bee County, Tex., October 25, 1887 (Sennett). 

50602°—14——_2 
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SANDHILL CRANE. Grus meaicana (Miiller). 

Range.—North America from southern Canada to Florida, Cuba, 
and Mexico. 

Breeding range.—The sandhill crane has two distinct and widely 
separated breeding areas. The smaller includes Cuba (Gundlach), 

f @® BREEDING 
f O OCCURRENCE IN SUMMER 
| + WINTERING 
| OCCURRENCE IN WINTER 
| RESIDENT 

Fig. 3.—Sandhill crane (Grus mericana). 

Isle of Pines (Gundlach), and southern Florida north to Waukeenah 

(Wayne), and Lake Monroe (Bryant). It has been known to nest 

in the Okefenokee Swamp, Ga. (Wayne); it nested in 1911 near 
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Perdido Bay, Ala. (Gutsell), and it also breeds at Houma, La. 

‘(Wurzlow), and, as late as 1907, at Calcasieu Pass, La. (Kopman). 
The larger breeding area extends north to near Rondeau, Ont. 

(Mecllwraith), Morrice, Mich. (Brownell), Vans Harbor, Mich. (Van 
Winkle), Mille Lacs, Minn. (Trippe), Oak Point, Man. (Small), Shell 
River, Man. (Calcutt), Big Quill Lake, Sask. (Barnes), Midvale, Mont. 
(Bailey), 158-Mile House, B.C. (Brooks), and Strait of Juan de Fuca, 
Wash. (Cooper). The species is definitely known to have nested 
south to Chicago Junction, Ohio (Jones), Carroll County, Ind. 
(Sterling), Decatur County, Iowa (Trippe), Alda, Nebr. (Powell), 

Animas Park, Colo. (Drew), Mormon Lake, Ariz. (Mearns), Inde- 
pendence Valley, Nev. (Hoffman), near Carson City, Nev. (Ridgway), 
and Fort Crook, Cal. (Coues). Thus at the present time the two 

breeding areas are separated by a district more than 600 miles wide 
in which the species does not breed. It is probable that in the early 
days of the settlement of the Mississippi Valley, when the species was 
very abundant, it nested somewhat farther south, almost if not quite 
to the Ohio River. Its numbers have decreased decidedly in the last 
30 years, and it is now rare as a breeder in the southern half of the 
above-defined breeding range, although within the last 10 years it 
has nested in southern Michigan (1907), northern Indiana (1905), 
northern Iowa (1907), northwestern Nebraska (1904), and central 

Colorado (1903). 
Winter range.—The sandhill cranes that nest in Louisiana, Florida, 

and Cuba are probably nonmigratory, while their number in Louisi- 
ana is probably augmented during the winter by migrants from the 
north. The species also winters along the whole coast of Texas 
and south in Mexico to Hacienda Angostura, San Luis Potosi (Jouy), 
Guanajuato (Duges), La Barca, Jalisco (Nelson and Goldman), and 

Mazatlan, Sinaloa (Lawrence). The winter range includes southern 

California north to Pasadena (Daggett) and, in the early days, to the 
valleys of central California (Belding). Formerly a few wintered 
north to Waverly, Miss. (Young), and Mer Rouge, La. (Hollister), 
while 70 years ago many wintered along the Rio Grande north to 
Socorro, N. Mex. 

Migration range.—The sandhill crane has been noted a few times 
east of its breeding range, north to Beaumaris, Ont. (Fleming); 
Brockport, N. Y. (Bruce); Lunenburg, Vt. (Perkins and Howe); 
Wakefield, N. H. (Allen); Waynesburg, Pa. (acobs); Washington, 
D. C. (Coues); and Waccamaw River, S. C. (Wayne). 

It seems probable that in colonial days the sandhill crane was not 
uncommon as a migrant throughout most of eastern United States 
from New York and southern New England southward. 
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“Spring migration. 

Num- | Average 
ber of dateof | Earliest date of 

Place. years’ | spring spring arrival. 
records.| arrival. 

ING WiDOLb A Tite t cc wes een Sees ea eee emettia ne Sheen eee ee 
DAU 6): W all ex (a ied ta ea eC eS Nee SR ett az 
Boitony3Mo oie. c5ess< canes Sesicted so ciectasbece ses Bai nee Siege Seas 
Ste Wouis Mo eee ee ce Bio mae Seo ates Meme oon a ae cee ee 
Mount.Carmel, Gis ccc s-cctises Soaue oiices tease bao. s~ ae asecmtvenee 
DATO PICO Ure ee Be ee bs NL oS Se dis Sco Sees tars Mewand ag sect grata. tie 
Bickel dima estes tek ee ants Sees ete opener mies are eet ese aioe 
English Lake, Ind seis 
Petersburg, Mich 9 
Locke, Mich... 9 
Grinnell, Iowa.. 5 
Storm Lake, Iow 4 
Milford, Wis...... 5 
Elk River, Minn.. 5 
Heron Lake, Minn 5 
White Earth, Minn. 4 
Grape Vine Pex: . csi ois o.com eters cee mieaee Bec Cee ee). ele eee 14 | Mar. 18 | Mar. 4, 1892 
GainesvillesMexy (Meat) cases. sleet Oe See eS 4 | Mar. 14 | Mar. 2, 1887. 
Cad dOFi@ tela ae aaa es cteriecrs sisjer eh ainssic Bg.a 2 vers ae eee ein Soe Som eae wee emails sec |e ce creer Feb. 26, 1884. 
Richmond; Kans ates oc Sse ee cites ae Dating wee see eas sowie nese 5 | Mar. 23 | Mar. 11, 1885 
FROPGKE SICATIS Sate cette e ete ee Moai ene ceeeioaes sealers ee eons 4 | Mar. 24 | Mar. 16, 1891 
Onaga (Kans Host Foe oss hese one se Sis cao mpsis Sinastioenise oatec a Sinje ce s/etsleiere 5 | Mar. 25 | Feb. 14, 1896 
SYTACUSE NCDP so ios ade tcmecittcte ofc. tate te ec esimicels shiek csleg aes 5 | Mar. 26 | Mar. 12, 1898 
Badger. NCDEE sacs sehen Seon Sout eee sou as omuieee seca | 3 | Apr. 6 | Mar. 26, 1902 
Southeastern South Dakotas. ost. s-0 tc cecnsy- sees coer e ee enine. | 11 | Apr. 6] Mar. 26, 1910. 
AT SUS VAIO Nel) Sikes e er come cee a ee emia oe yet see ce Sue See eee 13 | Apr. 16 | Apr. 8, 1895. 
ATIIMOLG s Nei D alt em sae secie poe oe wee ales chore ae Sete tae ee eae 10 | Apr. 16 | Apr. 12, 1890. 
Bathgate, N: Dak... ..:2..--- serie ita ea are Se ohare haere he etecayertioe 5 | Apr. 15 | Apr. 5, 1894. 
EASWrOITIE) MATI He. Sys Ue irelors = ais cin Siatesejt Sie 2 Siala/de wiehiie Simcarsiaje aie Hereie dioiete 1535, 13) Apr. 14) Apr. 6, 1905. 
Shell River, Mant 2c. 2 sceca. ocr eo ec we een eae jetsiat baal 3 | Apr. 15 | Apr. 14, 1891. 
Andian Heads {Sask ..< cic sedsctjasic Stem ciersisi ole ae Stes cue ta sequela onsets 7 | Apr. 17] Apr. 7, 1906. 
SOWeM-@uzAp pelley Saskosshoo. Sess soe eens ee ose eceetee Soe ees 12 | Apr. 16 | Apr. 6, 1903. 
MOM DStONG: tATIZ) 5 = Ses annus goo ecc-oe ce eneas eet meee: ac manent seers cela: comers Feb. 13, 1910. 
Southern Coloradocs ess 5-ce sc sen Dae e a seee ema ceete enact eeecace 3 | Mar. 16] Feb. 13, 1908. 
Fort Shaw, Mont.........-..-- SU oh teye sere MS a ate ora he late eterno a Seas Feb. 28, 1868. 
BigsSandy Montijo c.c2ccc cteeueoss fe acsce eae oe Solmsbaus an ceetacledatedae| sae agueeee Apr. 6, 1905. 
AW EN, OES Es. co 2s cise ac See tee bacink ore aijsce amie Asm aocts od N sSiicie Ga) sions eo cine aicise ee Apr. 1, 1909. 

Resident sandhill cranes of Cuba and Florida nest much earlier 
than the migrants from farther north. In Cuba eggs are most com- 
mon in March, but some are laid earlier, for specimens in the 

U.S. National Museum were taken at Lantana, Fla., February 6-23, 
1894, and at Manatee, Fla., March 2, 1873. The earliest eggs at 
Jackson, Mich., were collected May 8, 1901, and May 5, 1902 (Arnold); 
Summerfield Township, Monroe County, Mich., May 2, 1880 (Arnold); 
Dubuque, lowa, May 11, 1865 (specimens in U.S. National Museum); 
Hayfield, Iowa, about May 17, 1894 (Anderson); Delavan, Wis., 
May 30, 1883 (Kumlien and Hollister); Minnewaukan, N. Dak., 
May 2, 1898 (Rolfe); Camp Harney, Oreg., May 2, 1875, April 27, 
1876, April 24, 1877, and April 14, 1878 (Bendire) ; Gunnison County, 
Colo., at 8,000 feet altitude, June 5, 1903 (Warren); and Big Quill 

Lake, Sask., June 20, 1909 (Barnes). 
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Fall migration. 

Num- | Average 
Earliest date 

ber of | date of ; Place. years’ | fall ar- of eae 

records.} rival. a 

VUE TELNYS IMO ZB icici Se acts ec HPS ees ee aU EHES OCU sca am DST ern) Lae Lo ae Oct. 10,1890 
Grapegvalne Rexa 7 te ce 2 ahaa emcee nora aos de ee ce eee mae nae soem nsemee 10 | Oct. 13 | Oct. 3,1893 
(QDRYED, ABI Zoe Sh SEE NOS BE a Ie GEESE SEG Canc e CSSA ae at. meaner 5 | Oct. 22] Oct. 12,1898 
Southeastern South Dakota..:..022.2..22 2502 sl secs noes ewes eee nee 5 | Sept. 17 | Sept. 8,1891 
IBSOE,. COlOscage seed dae aun easene Se enBadHaenbes AAur sone oss eie NAnSBeaoocne Decrares sHaRensDas Sept. 24,1890 

Num- | Average 
ber of | date of Latest date 

Place. paints of the last 
years’ | the last aS eNaT 

records. | one seen. 2 

BASIC IIT CoML Tiree rma. ste crn Wiech eek tec nay ul ON oa Pwmeegepen hy he Scesa yt aS Nye tae 7 | Oct. 15 | Oct. 31,1900 
BEDE TO aed eM Ta Ta cee eeu nthe Se Sat Nas LA eI Ca eS eR a lene abe 
ID VAMP R VAIS Berenice tis ote cicie <a ejinmbac nese sete ee sence. 4 han seene|sacee ens 
Ginna UL OWE sacae see a he Sec aoe See nai Heals een eel td ae serstene tec 
IBC kave Paina clayes ee caiee ke ee i See SE aie Ue eee latadarise 
IMT CINES TOT VELEN ea rinse ete So. oer kA SRI Ge ae ier 2) eae eae 
"AIENFTENT = IN UCOV aU ei Ae a iS i esr ng lye a oe sea A Le eae 
Southeastern South Dakota | 
Wiel Mountains Colo: 2.275.020.2222 eee. 
HVASLEDMPNEDEASKA tsiceicscehe ccs sess e eels ee | 
EVI CMT OM CECA SH iiee sas oiler ne ia einen aye S as merce Meee An oe arate Suan (eee es oh Beeys 
(GaGll@, OB S52 Bie ie Ge ieee Se ee area nn a ec 2b eh area ert eae | Nov. 11,1883 
TSGaINe TN, INC SH oes U OMAR BeSBe AEE COREA Cans care ate eaadl si sen SI Se argh | eumteates iy [een ate 4 Nov. 9,1889 

LIMPKIN. Aramus vociferus (Latham). 

Range.—Southeastern United States, the Greater Antilles, and 
Central America. 

The limpkin is a nonmigratory bird whose range extends from 
northwestern Costa Rica—Rio Frio (Richmond), Bebedero, La 
Palma, and Bolson (Carriker)—through western Nicaragua (Ometepe 
Island) and western Honduras (Ceiba) to Tehuantepec City, Oaxaca 

(Nelson and Goldman), and Alvarado, Vera Cruz (Sumichrast). 

it occurs in the Greater Antilles, but is rare in Porto Rico (Gundlach) 

and still rarer Gf not now extinct) in Jamaica (Field). It was noted 

January 28, 1901, at Cay Lobos Light, Bahamas, near the northern 
coast of Cuba. 

The species was formerly very abundant on the interior waters of 
Florida, and, though greatly reduced in numbers, it still occurs over 
most of its former range, which extended north to Waukeenah (Wayne) 
and Palatka (Hasbrouck). A few wander in winter to Indian Key, 

Key West, and the Tortugas (specimens in the U. S. National 
Museum), and have occurred casually at Twiggs Dead River, Aiken 
County, S. C., October 18, 1890 (Wayne); Charleston, S. C., July, 1904 
(Wayne); and Brownsville, Tex., May 29, 1889 (Sennett). 
The nesting season extends over nearly half the year, eggs having 

been found in Cuba during December and January (Gundlach), and 
on the Oklawaha River, Fla., from the middle of February to June 20 
(Jackson). 
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KING RAIL. Rellus elegans Audubon. 

Range.—Eastern United States and Cuba 
Breeding range-—The king rail is the large fresh-water rail of 

eastern United States, in contrast with the clapper rail, which is 
confined to salt marshes. The king rail breeds in Florida and north 
along the Atlantic coast to Saybrook, Conn. (Clark). While for the 
most part keeping in the marshes near the coast, it has been known 
to nest as far inland as Raleigh, N.C. (Brimley), and Columbia, S. C. 
(Taylor). In the Mississippi Valley and the region of the Great 

@ RESIDENT : 

O OCCURRENCE IN SUMMER f 

Fig. 4.—Limpkin (Aramus vociferus). 

Lakes, it nests north to Ithaca, N. Y. (Wright and Allen), Buffalo, 
N. Y. (Reinecke), Pelee Island, Ohio (Jones), St. Clair Flats, Ont. 

(Swales), Ann Arbor, Mich. (Covert), Madison, Wis. (Slonaker), and 
Faribault, Minn. (Bullis). The breeding range extends west to 
Heron Lake, Minn. (Miller), Omaha, Nebr. (Bruner, Wolcott, and 
Swenk), Manhattan, Kans. (Lantz), and Wichita, Kans. (Matthews). 

The southera limit of normal breeding extends south to Wooster, 
Ohio (Oberholser), Circleville, Ohio (Bales), Greencastie, Ind. (Earle), 
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Odin, Ill. (Vandercook), and Boonville, Mo. (Hoy). A few pairs 

‘breed south to Portageville, Mo. (Howell), and Eureka Springs, Ark. 
(Smith). ‘The species has been reported to breed at Orange Lake, 

E @ BREEDING 

: O OCCURRENCE IN SUMMER 

A ke WINTERING | wD 
a me ROH 

Fig. 5.—King rail (Rallus elegans). 

Fla. (Pearson), Whitfield, Fla. (Worthington), and at Greensboro, 
Ala. (Avery), while an individual too young to have been hatched at 

any great distance away was taken at Corpus Christi, Tex., July 14, 
1910 (Thayer). 
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_ Following are a few records of stragglers beyond the breeding area: 
Ottawa, Ont., May 7, 1896 (White) ; Ottertail County, Minn. (Roberts) ; 
Falmouth, Me., September 19, 1895 (Brock); Scarborough, Me., 

October 8, 1881 (Brown); and Vermilion, 8. Dak. (Agersborg). 

Winter range.—It can be said in general that the king rail winters 
in the southern part of the breeding range, and also in southern 
Louisiana (Beyer) and on the coast of Texas at least as far south as 
Brownsville (Thayer). There is one record of its occurrence in 

Mexico, probably as a straggler, at Tlacotalpam, Vera Cruz, January 
18, 1901 (Colburn). 

A remarkable fact in the life history of the king rail is its moving 
northward on the Atlantic coast after the breeding season and then 
attempting to winter there. Only a small percentage of the birds 
perform this northward migration, but there are many records north 
of their normal winter home in the marshes of South Carolina during 
the winter: Currituck Sound, N. C., December 14, 1909 (McAtee) ; 
Raleigh, N. C., January 23, 1892 (Brimley); Washington, D. C., 
December 12, 1908, December 16, 1889, December 21, 1892, January 
19, 1901, and February 8, 1887; Stafford, Md., January 28, 1893 
(Kirkwood); Milford, Conn., December 15, 1892 (Verrill); Saybrook, 
Conn., January 14, 1876 (Clark); Newport, R. I., January 21, 1896 
(Howe and Sturtevant); Cambridge, Mass., December 30, 1896 
(Farley); Ellisville, Mass., January 20, 1903 (Reagh); Chatham, 
Mass., December 28, 1908 (Fay); West Barnstable, Mass., December 

30 or 31, 1909 (Howe); and Portland, Me., December 17, 1899 (Brook). 
A few far-northern winter records have been reported from the 
interior: Beaver Dam, Wis., December 19, 1906 (Snyder); near 
Port Huron, Mich., December 13, 1902 (Eppinger); Hudson, Mich., 
December 11, 1896 (Boies); Point Pelee, Ont., December 31, 1906 
(Taverner and Swales); and South Buffalo, N. Y., December 3, 1897 
(Savage). 

Spring migration. 

ay A YGNSBE Earliest date 
Place. = ) “ of spring 

A bctend pen Wie! rsa arrival 
jrecords.) arrival. : 

Val eishss Nive Ciomsprieree Suctss 205 Sateen Se ot ete Bena ine Sec ees ee 4 | Mar. 26 | Feb. 8,1887 
Momtake Nie Vos = O8 oo ote Ook SoS sh ee i eee a sele os 2s o Sosa aaessa sieve sees [Le ss eeese Mar. 3,1887 
Peabody, Mass... 222 ca53ce--ciee cet sce8 esses soe st- accede ees Beene oe eee [oo ace ee eee Mar. 14,1908 
dCi at (2 ie pete en es i eR deel roc Apr. 17,1902 
Mayertew MO s2acc.e etisine yaar, cic ayae Slots is dja cas eR esate Se lerette bs eins saeeise oe Semen een eee ols Apr. 2,1887 
Chicas own sn see set aoe ee eat see sees iin aS Seine 14 | Apr. 21 | Apr. 10,1887 
ROG KfOrd eU MS ee cee Sec cet operates fa ete ee ara ral te eae Secret Sears Merce aoe eel re aE | Mee ate Apr. 38,1887 
MerrevEl ates Ins 5202 2522s settee se oie aes oe = eee 2| Apr. 26 | Apr. 24,1888 
New. Bromen, Ohio: oc 52 os coe. sue set cone eeeares Soecu ten as ces Seale ee clones esau Apr. 19,1909 
Oberlin® Ohio se. essee cease 5 se mise er ee ne eee eee meets 5| May 7} May 4,1908 
Romt Pelee; Ont 2 do0s26 2 se ccn oe ee eee Seis ee ease ee PAR ee tee eee ce ee pr. 22,1908 
Boetersburg, Mich s2e8 Seca 2 ste ewe ee cs nets ated wees Se See ee omecice (eee eee ese eee Apr. 20, 1886 
TCO KILO Wialewa netic tens tot oo eeeaag as See eee Sere aa eee eee 5 | Apr. 22 | Apr. 10,1894 
Grinnell Wowake. ysvec saat 2 share Btosoe oie aes sae es cinciee e seeeeie [eee eee eee eee Apr. 5,1889 
Heron ako Manns.. soe Sos ns See ees oe eee meee ec eee een 2| May 7] Apr. 22,1890 
EMporia, Mans 22S) dow sce oss sac ccaacieysee tae Pemen nije eteie conn | Saat ccna [yee eres Apr. 14,1885 
Onaga Kans eb ost. oe Ses he ghicicsiei acesmieee Soe eta ee ame cea tel eentma te] ee ae ae pr. 23,1891 
PANS CiGy Nebr. ata ss a aerate ee dee eRe ea ae |g le ea Apr. 13,1889 
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Young out of nest of the king rail were found at Mount Pleasant, 
§. C., March 22, 1913 (Wayne); eggs ready to be laid, at Greensboro, 
Ala., March 24, 1884. (Avery); eggs at Frogmore, S. C., March 22, 
1884 (Hoxie); Raleigh, N. C., May 28, 1890 (Brimley); Washington, 
D.C., May 30, 1910 (Dickey); Tolchester, Md., May 30, 1891 (Fisher) ; 
Tinicum, Pa., June 2, 1907 (Carter); near Philadelphia, Pa., June 3, 
1902 (Miller); Buffalo, N. Y., May 30, 1894 (Reinecke); Lyme, Conn., 
June 13, 1884 (Clark); Chicago, Ill., May 11, 1902-June 19, 1902 
(Abbott); Aledo, Ill., May 12, 1880 (specimens in U. S. National 
Museum); Quiver Lake, Ill., May 18, 1895 (Silloway); Kewanee, 
Ill., May 22, 1893, and once as early as April 29, 1894 (Murchison); 
Circleville, Ohio, May 14, 1910 (Bales); Fays Lake, Mich., May 30, 
1894 (Watkins); Iowa City, Iowa, May 29, 1884 (Clute); Manhattan, 

Kans., May 28, 1883 (Lantz); Lincoln, Nebr., May 30, 1910 (Zimmer) ; 
and Shawneetown, Ill., young out of nest, June 17, 1909 (Howell). 

Fall migration. 

Num- | Average 
ber of | date of | Latest date Place. ) of the last years’ | the last erates 
records. one seen. rites 

TBA SO ny Ws (ceeoccocen sec Sees eeteca =a seneee aa nce: GScuee Seber essoeds6|sescerad rsed“esecc Nov. 2,1886 
I@ieven, IM. V0 60 cdaescoonepsbonasouncagedsseacecn 565e5eeese aes ococsoseaca|satocdsd |scuos0nbKe Nov. 29,1901 
(Gnienye) IU, opoenesesosdeed ee sEBbososseeseEbsosanqEEanqesecuecEecodased 6 | Sept. 14 | Sept. 30, 1907 
Camiigm, 00. scosbes essence escSsReneereos sesso oEssSes0 senha soe5osEcq00"| |eEcoobad secu sc00de Oct. 27,1894 
Brotere Earrings ONIN) 5s SASS e sae I areas Re Re (reel a Oct. 22) 1906 
IKE UINS. MIOWhlse.5055e50cc oboe ee a ocebaUseboeoorbaee teceaoeaoes SE SSO OD IE 3 | Sept. 20 | Sept. 26, 1899 
IGEN Biily Wiki cb aon ac sseceeasos sends sg005 46 c650- 0 soy eae aaue proces seer Heaacoqs||secc 2o6u0C Oct. 22,1894 
MncolnINebiiee <n 2 = eins 2 = = nln inane aie annie minlnine ciniv's == an -|/ojsin en's «| seinieieicin == = Sept. 22, 1900 
ILE AKEIeS) IGN 655-.06dase6s Sap oe sea eeeneoees052 005 ebe noes = S06e5s60 br |e seesec0 ode os06e Nov. 4,1905 
GEGIOG, CAE AG ais See eS ee ee ee ESAE Se a aE DRE me arn nw el tera eae Sap Nov. 1,1883 

[CUBAN KING RAIL. fRallus elegans ramsdeni Riley. 

The king rails of Cuba have recently been segregated under the name ramsdent. 

The species is resident on the island and is fairly common. It is said to nest in June 
and July (Gundlach).] 

[MEXICAN KING RAIL. Rallus tenwirostris Ridgway. 

The Mexican representative, tenuirostris, of the common king rail (elegans) occurs in 

central Mexico from the Laguna del Rosario, Tlaxcala (Ferrari-Perez), to the Valley 

of Mexico (White), and Mazatlan (Lawrence). The species was found fairly common 

at Lerma during early July, 1904 (Nelson and Goldman), and eggs were taken the first 

day of that month. ] 

BELDING RAIL. Rallus beldingi Ridgway. 

The Belding rail is a resident species in the Cape region of Lower 
California from Magdalena Bay southward. Eggs were taken at 
San Jose Island, Lower California, June 28, 1908 (Thayer). 

50602°—14——_3 
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CALIFORNIA CLAPPER RAIL. Rallus obsoletus Ridgway. 

The California clapper rail has a very restricted range. It remains 
throughout the year in the salt marshes near the mouth of the Sacra- 
mento River, from Petaluma (Newberry) on the north to Palo Alto 
(McGregor) on the south. The species was very abundant in these 

marshes until about 1890, but it has decreased decidedly in numbers 
and is now rather rare, though several specimens were cbtained 
October 18-30, 1909, at Redwood (Thayer). Eggs have been taken 
at Haywards, April 18, 1885 (Emerson); at San Mateo, April 24, 
1879 (Bryant); and at Palo Alto, May 1, 1899 (Thayer). 

@ BREEDING 

Fic. 6.—Belding rail (Rallus beldingi). 

LIGHT-FOOTED RAIL. Rallus levipes Bangs. 

The light-footed rail is a nonmigratory species occurring along the 
Pacific coast from Santa Barbara, Cal. (Henshaw), south to San 
Quintin Bay, Lower California. It is most common on the coast of 
Los Angeles and San Diego Counties. A specimen was taken August 
25, 1902, at Yuma, Ariz. (Brown). 

Eggs have been secured at Ballona, Cal., May 16, 1894 (Judson); 
Nigger Slough, Los Angeles County, Cal., May 29, 1906 (Willett); 

San Diego, Cal., April 16, 1895, and April 8-10, 1900 (Thayer); and 
at San Quintin Bay, Lower California, April 27, 1910 (Howell). 
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CLAPPER RAIL. Rallus crepitans crepitans Gmelin. 

Range.—The clapper rail and its various subspecies inhabit salt- 
water marshes of the eastern United States from New England to 
Texas, and the Bahama Islands. 

The species has been separated into five subspecific forms, the 
most northern of which, crepitans, the type, breeds from New 

Haven, Conn. (Bishop), south along the coast to Cobb Island, Va. 
(Fisher), though it is not common north of New Jersey. So 
abundant were these rails formerly on this coast that in September, 
1896, near Atlantic City, about 10,000 were killed in two days. The 

species occurred once inland to Washington, D. C., September 18, 

@® BREEDING 

Fig. 7.—California clapper rail (Rallus obsoletus). 

1882 (Coues); and has been noted at East Orleans, Mass., November 
30, 1895 (Brewster); Plum Island, Mass., September 15, 1908 (Whar- 
ton); Boston Harbor, Mass., May 4, 1875 (Purdie); Kingston, Mass., 
December 29, 1885 (Browne); Sabattus Pond, Me., 1874 (Smith); 
and Popham Beach, Me., October 12, 1900 (Knight). 
A few remain in winter as far north as Five Mile Beach, N. J. 

(Laurent), and occasionally on Long Island, N. Y. (Lawrence). 

They are abundant in winter on the coast of North Carolina, common 
in South Carolina, and range south to St. Marys, Ga. (Oberholser). 
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Eggs have been taken near Cobb Island, Va., from May 19, 1894, 
to July 17, 1884 (specimens in U. 8. National Museum); Stone Har- 
bor, N. J., May 28, 1907 (Carter), to July 7, 1903 (Miller); and 
South Oyster Bay, N. Y., May 24, 1884 (specimens in U. S. 
National Museum). 

Birds that winter in Georgia sometimes remain there until after the 
local breeding birds have eggs, since specimens of crepitans were taken 
April 4, 1896, at St. Marys, Ga., while eggs of waynei have been found 
in Georgia in March. 

@ BREEDING 

O OCCURRENCE iN SUMMER 

Fig. 8.—Light-footed rail (Rallus levipes). 

LOUISIANA CLAPPER RAIL. Rallus crepitans saturatus Ridgway. 

The Louisiana clapper rail is common and resident in the salt 
marshes of that State and ranges east to Perdido Bay, Ala. (Howell), 

and west to Corpus Christi, Tex. (Sennett). 
Under this form are now included all the specimens from Texas that 

were formerly identified as Rallus longirostris caribaeus. Eggs have 
been taken near Corpus Christi, Tex., as late as July 23-27, 1910 
(Thayer). 

FLORIDA CLAPPER RAIL. Rallus crepitans scotti Sennett. 

The Florida clapper rail is confined to Florida and is a resident of 
the western coast from Charlotte Harbor north to the mouth of the 
Suwanee River. Downy young have been found from early May to 
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early July (Scott); and eggs, March 31, 1897, near the mouth of the 
. Anclote River (Bishop). 

WAYNE CLAPPER RAIL. Rallus crepitans waynei Brewster. 

The Wayne clapper rail is the common rail of the salt-water 
marshes on the coast of South Carolina and Georgia and breeds south 

@ EBREEDING 

O OCCURRENCE IN. SUMMER 

Fic. 9.—Clapper rail (Rallus crepitans). Subspecies: 1, crepitans; 2, wayne; 3, scotti; 4, saturatus, 5, coryi. 

to Matanzas Inlet, Fla. (eggs in the U. S. National Museum), and 
north to Pea Island, N. C. (Bishop). It ranges in winter a short dis- 
tance south of the breeding grounds to Dummits Creek, Fla. (Brew- 
ster), while a few remain through this season at the northern limit of 

the range on the coast of North Carolina (Bishop). 
Eggs have been taken near Matanzas Inlet, Fla., May 28, 1895 

(specimens in U. S. National Museum); McIntosh, Ga., March 29, 
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April 16, and May 6, 1890 (specimens in U. 8S. National Museum); 
Mount Pleasant, 8. C., April 10, 1903 (Wayne); Frogmore, S. C., 
June 9, 1886 (Hoxie); Fort Macon, N. C., May 9, 1869 (Coues); and 
Pea Island, N. C., May 20, 1901 (Bishop). They have been obtained 
at Amelia Island, Fla., as late as July 25, 1906 (Thayer). 

[BAHAMA CLAPPER RAIL. Ralius crepitans coryi Maynard. 

The Bahama clapper rail is quite common throughout most of the Bahamas, where 
it is resident. ] 

[CARIBBEAN CLAPPER RAIL. Rallis longirostris caribaeus Ridgway. 

The Caribbean clapper rail is confined to the West Indies, occurring on most of the 
Lesser Antilles, the Bahamas, and Jamaica. 

The form which occurs and is resident on Cuba has been separated under the name 
Rallus longirostris cubanus Chapman. The type species, longirostris, is confined te 
South America, ranging from Guiana to Peru.] 

[YUCATAN CLAPPER RAIL. fRallus pallidus Nelson. 

The type and only known specimen of the Yucatan clapper rail was taken April 15, 
1893, on the Rio Lagartos, Yucatan.] 

VIRGINIA RAIL. Rallus virginianus Linnaeus. 

Range.—North America, from southern Canada to Florida and 
Guatemala. 

Breeding range.—The Virginia rail is a common breeding bird in 
suitable localities throughout northern United States and north to 
Kentville, N. S., (Bishop), Scotch Lake, N. B. (Moore), Quebec City, 
Canada (Dionne), Ottawa, Ont. (White), Port Sydney, Ont. (Flem- 
ing), Kelly Brook, Wis. (Schoenebeck), Mille Lacs, Minn. (Trippe), 
Winnipeg, Man. (Hine), Chemawawin, Keewatin (Nutting), Little 
Manito Lake, Sask. (Atkinson), Columbia Falls, Mont. (Williams), 
158-Mile House, B. C. (Brooks), and Goldstream, Vancouver Island, 
B. C. Streeter). It has occurred casually north to Newfoundland 

(Reeks), Hamilton Inlet, Que. (Turner), York Factory, Keewatin 
(Bell), near Edmonton, Alta. (Stansell), and Campbell River, at the 
northern end of Vancouver Island, B. C. (Brooks). 

Southward the breeding range extends to Cape May, N. J. (Stone), 
State College, Pa. (Harlow), Dubois, Pa. (Van Fleet), Lewiston 
Reservoir, Ohio (Fisher), Henderson, Ky. (Audubon), Lincoln, Nebr. 
(Coleman), San Luis Lakes, Colo. (Aiken), Salt Lake, Utah (Ridg- 

way), and Escondido, Cal. (Sharp). A specimen which may have 
been breeding was taken May 18, 1886, at Pecks Lake, Ariz. (Mearns). 
The species once nested in Pamlico Sound, N. C. (Pearson), and 

strangely enough it was found nesting in 1904 at Lerma, Mexico 
(Goldman), more than 1,000 miles from the nearest previously known 
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breeding grounds. It was also found in June at Tizimin in northern 
- Yucatan (Sharpe), and may have been breeding. 

Winter range-—The Virginia rail winters for the most part in the 
southern United States, occurring on the Gulf coast from Fort Myers, 
Fla. (Scott), to Corpus Christi, Tex. (Sennett), and south to Duenas, 
Guatemala—January, 1861—(Salvin), and San Jose del Cabo, Lower 
California (Brewster). It was found once—January, 1854—in the 

market of Habana, Cuba (Gundlach), and once—November 6, 1851— 

BREEDING 
OCCURRENCE /N SUMME. 
WINTERING 
OCCURRENCE IN WINTER | 
RESIDENT 

Fig. 10.—Virginia rail (Rallus virginianus). 

in the Bermudas (Hurdis). The species winters regularly and com- 
monly on the coast of South Carolina (Wayne), less commonly or 
rarely north to Pea Island, N. C. (Bishop). It has been found casu- 

ally in winter near Washington, D. C., December 28, 1912 (Adams); 
at Easton, Md., Jaunary 20, 1891 (Kirkwood); Cape May, N. J., 
December 30, 1895 (Stone); Trenton, N. J., January, 1869 (Abbott); 
Worcester, Mass., January 1, 1891 (Reed); and Barnstable, Mass., 
December 31, 1894 (Hoffmann). In the Mississippi Valley it remains 
as far north during the winter as Arkansas County, Ark. (Hollister), 
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and on the Pacific coast almost to the northern limit of its breeding 
range at Chilliwack, B. C. (Brooks), and Okanogan, B. C. (Brooks). 
There is an isolated winter colony at Barr Lake, Colo. (Hersey and 
Rockwell); one wintered at Colorado Springs in 1898-99 (Aiken); 
one at Boulder in 1909-10 (Betts); three at Helena, Mont., 1910-11 
(Saunders); and several near Provo, Utah, 1911-12 (Goodwin). One 

was taken January 16, 1879, at Walla Walla, Wash. (Baird, Brewer, 
and Ridgway). 

Spring migration. 

Num- | Average | - 
Berionl edateot | Earliest date 

Place. seas | = of spring 
years 7 SRiue arrival records.) arrival. | 

HaleightiNe C2220 secs cces Secs vckee cides cies cobs et eScw ce Sec clese cece. 3 | Apr. 10 | Apr. 7,1900 
NIRV air aeg yal D a ig er ee nee ce SIE = eee a Ores ra vee eed ee ee Ds Apr. 6,1892 
HS AL CUM OLO WU Ce cere crate sts sep See etek cape a cei Sarasa eee sce |e ae eal So emene eee Mar. 20, 1895 
LA CLUS ag ee, ee Sg TON eR ET NP rae a Se ore aa eee see Apr. 18,1900 
iBranch ports -Nieyc (Near) st =e ee os ee ee ogee et een ae 10 | Apr. 26 | Apr. 7,1905 
the Cae iN Ge Yer Seer ck ote ees artes ews ech di isatta es OMe marsreiciiere See ec i | tee (eens Apr. 24,1904 
HMAstern, MassachuSevtss « 22 -s-stcc vse coerce se ceele See ate = ae aes ueeeoeee 6 | Apr. 25 | Apr. 14,1899 
NU Owis, Mol see Sans tees tees oaks ne sane APs eae tes Sa eee eaeee [oats scat eeecaseue Mar. 31,1887 
BOWLING HeGrs Meyer att atce ae) lrniee sane eitts no Seen ieee ae Seren oae tie | aie ene lee eee Apr. 6,1902 
Central Im@ianais oe ijosen tase cc daes coe tbe ae eee doen ca eesetcttes oe 5 | Apr. 20 | Apr. 17,1892 
Chicaro, TWlee oo ac,rarstcsale soca te gecine tos je Sh weet nens costa ce cvenoees deieien 10 | Apr. 28 | Apr. 16,1907 
SOMMER VV ASCONSIN soars ei he A eee et ee ee ee eee 9 | Apr. 25 | Apr. 19,1896 
HoubhwestermOntariOes 55. Sse nc ea jocec neat ae ee oe See eee 5 | Apr. 27 | Apr. 23,1889 
Oberlin sOnion teers edie acee dat med kceaee sree see ececeeee ck cetete he sacle 10 | May 2] Apr. 15,1907 
Wicksbure, Michie. os. fc. <ten Jos sect aes Sees ete see taruesc eke 4| May 41] Apr. 27,1904 
Tibi (cio) ho SIMN =) 0) seem ecb ee eet re Se ean a ee Re Perr eee eel [nen orale Apr. 28,1900 
PRINS Gl isa Sect ccs srelere ase apaaciape ets caine cots Si Sis ists 2) arf siciatar a aets, See Meee |e ee ce May 13,1910 
Grand:Workss Neal. 22S esccss sete c ce sesame ctses acces eens sont oe Seale eas eee May 14,1903 
CAN ONIN O SAVERY Sees laste Pate oe ae Peeters boats a athe cee Aare = ela ioe 2| May 16 | May 10,1896 
indian Heads Sask i 2s:5522 weet ewes atl sates chee ances Some soekmes ack 3 | May 23 | May 19,1910 
PUCSONNGATIG no Se ee oes os See Roe cence sobs poke cobs lou nae ee ues S [nos Si eee eee Apr. 11,1886 
Hort-Custer,, Monten a. 2: aces sscecati cect Slenncedsn etal cet scents gce|odseecn | poeeezouee May 11,1885 
Wohambia stalls: SMOG eer. 8 cd pete aE Ae ae eR eee at ats near [Re UN le Eat May 16,1894 
Stony -PlainsAll talsde socses setae beta ctl eee aes lace see ea eae eo neous| Weeeeee est May 20,1908 

The latest dates of the Virginia rail in its winter home are: Savan- 
nah, Ga., April 3, 1908 (Hoxie); Charleston, S. C., April 5 (Wayne); 
Bayou Sara, La., April 15, 1882 (Beckham); and Bay St. Louis, Miss., 
April 19, 1902 (Allison). 

Eggs have been found at Erie, Pa., May 26, 1891, and June 2, 1892 
(Todd); Ithaca, N. Y., May 18, 1905 (Reed and Wright); Portland, 
Conn., May 23, 1894 (Sage); Framingham, Mass., May 17, 1890 
(Coombs); Hampton, N. H., May 28, 1887 (Shaw); Elkhart County, 
Ind., May 19, 1890 (McBride); Oberlin, Ohio, May 8, 1903 (Jones); 
Detroit, Mich., May 25, 1891 (Swales); Iowa City, Iowa, May 29, 
1884 (Clute); Cedar Rapids, Iowa, May 8, 1902 (Hathorn); Pewau- 
kee, Wis., May 23, 1871 (specimens in U. S. National Museum); 
Boulder, Colo., May 28, 1904 (Henderson); Barr Lake, Colo., May 18, 
1907-July 6 (Rockwell); Fort Crook, Cal., May 13, 1861 (specimens 
in U. S. National Museum); Walla Walla, Wash., April 26, 1882 

(specimens in U.S. National Museum); and Tacoma, Wash., March 30, 
1908 (Bowles). Eggs have been noted as late as July 19, 1903, at 
Odessa, Del. (Pennock), and young in the nest August 5, 1896, at 
Hartland, Me. (Knight). 
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Fall migration. 

Num- Average Latest date 
Place: ber of | date of of the last 

years’ | the last TORS 
records. one seen. z 

Scotch Lake, N. B.....-- Sie Wr aber cra ope tenn irae ara tata eer pe a Lape ee ease Sept. 23, 1990 
ID ora HTL, CHARIS Vo cue AO nea A 0d a es ed ean Ba Oct. 23,1897 
NL DUFLGTTT, Ls TEED ae Oa OIL SO 8 31 Ve aaron eT lees Cat Oct. 1, 1881 
Eastern Te eens aE OE A eee GA HEC 1 Aaa eNO as a 4 | Sept. 22 | Nov. 9,1898 
lnlawriicnGl, (Chojabe eee as ae ye nee el ob oo PEAS SOs Hess 3 | Oct. 3] Oct. 92,1895 
Renovo, 1B os a a EE ete 71 Ree ee 3 | Sept. 28 | Cet. 2, 1895 
TOAD, IPR) 32 Se Cae GS Sebo se Ones CURR GEOR Cees Lec 5 SCAMS ae pe EHnG are sce> so4 ans nel AEEeeeaase Oct. 28, 1893 
Montauk, FIN RAY (eager a ae ae CE oh Sy emanate nay eli Ieee Pele een Oct. 30, 1900 
Ottawa, rie ee Reem 6s i OMNI Sa ala 4| Oct. 61 Oct. 28,1897 
incl eile ONTO Re ee oN nu EL Laat a Um Rae Ci Fei RN RN sea ae aed Sea Nov. 23, 1880 
IDG EWES. \NEBEES RS aac OSes eens ano SSeRb SEeHeA >> e AS See E SEER SEe as ae SEnee 2| Oct. 15 | Oct. 16,1894 
Vv icksburg, EVD Ta see eat Shik «Se Se ees 8D Se i Se oer 4| Nov. 9 | Nov. 17, 1903 
HAVES HR, ATE a NS a a ge 2 | Sept. 20 | Sept. 21, 1911 
White Earth, EMA rae res en eat ea as SU cw Se eee l= oc I: ener estore [eas NS Le ees Sept. 15, 1880 
Lake Andrew, PIE Te en pha Na A ee SPA ay sy 2] DANI) SS Oct. 5, 1891 
Fort Snelling, Misr ee me ea, 5 MR pat ON me mmr Pee eae ete Nov. 11, 1890 
TOV OU ILA eet eerste hae n/N SS rs ee ceo ci sla aN MR sl a GEER MONS Nov. 27, 1872 
St. George, CUP UNS os iets eee ates ee tn au es im a SPS SL Ai eae a cae esos De Nov. 3, 1909 

The Virginia rail usually returns to southern Mississippi about 
September 15, earliest September 3, 1902; Washington, D. C., Sep- 
tember 4, 1911; Raleigh, N. C., September 8, 1896; and South Caro: 
ae the inet of eptember. 

[SPOTTED RAIL. Linnopardalus maculatus (Boddaert). 

The eastern coast of South America is included in the range of the spotted rail, from 

Paraguay and Argentina to Guiana, and to Colombia, with the islands of Trinidad and 

Tobago. The species reappears in Cuba, but there seems to be a long break in the 

range from Cuba to Colombia. ] 

[LAWRENCE WOOD RAIL. Aramides azillaris Lawrence. 

The Lawrence wood rail is a species of wide distribution, ranging north on the 

Pacific side of Mexico to Mazatlan (Grayson), and quite common at San Blas, Tepic, 

June 12, 1897 (Nelson and Goldman); while on the Atlantic slope it was noted at Las 

Bocas de Silan (Cabot), and Mujeres Island, March 24, 1901 (Nelson and Goldman), 

both in northern Yucatan. It has also been taken at Acapulco, Guerrero, January 14, 

1895 (Nelson and Goldman), and Belize (Bocourt). It seems to be very rare between 

southern Mexico and northern South America, though it has been found at Carrillo 

and Lepanto, Costa Rica (Carriker). It occurs on the northern coast of South America 

from Barranquilla, Colombia, to Venezuela, Trinidad Island, and British Guiana. ] 

[CAYENNE WOOD RAIL. Avamides cajanea (Miiller). 

The Cayenne wood rail ranges from eastern and central Brazil to Peru and north to 

British Guiana and Colombia. It is a common species in Panama and extends along 

both coasts to northern Costa Rica. ] 

[MANGROVE WOGD RAIL. Avamides albiventris Lawrence. 

The Mangrove wood rail has a wide distribution on the eastern side of Mexico north 

to Alta Mira and is abundant in favorable localities along the coast of Vera Cruz and 

east to Cozumel Island, Yucatan; Belize; and Omoa and San Pedro, Honduras. It 

is also common on the Pacific side from the coast of Guatemala west to Huilotepec and 

Guichicovi, Oaxaca. ] 

50602°—14__4 
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[NICARAGUA WOOD RAIL. Avramides plumbeicollis Zeledon. 

The range of the Nicaragua wood rail is along the coast of Nicaragua and north to 

the Segovia River, eastern Honduras, and south in northeastern Costa Rica to the 

foothills of the Volcano Turrialba.] 

[RED RAIL. Amaurolimnas conccicr (Gosse). 

Little is known of the distribution of the red rail. It was originally described from 

Jamaica and has since been recorded from Guatemala, Honduras, Nicaragua, Guiana, 
and Brazil.] 

SPOTTED CRAKE. Porzana porzana (Linnaeus). 

Several specimens of the spotted crake have been taken in the fall on 
the western coast of Greenland at Godthaab, Nanortalik, and Juliane- 

O OCCURRENCE IN SUMMER 
ipa — ————— ae eee 

Fia. 11.—Spotted crake (Porzana porzena). 

haab. All were wanderers beyond the normal range of the species, 
which includes nearly all of Europe north to latitude 65° and east in 
Asia to Yarkand, Turkestan. The species winters in southern Asia 
and in Africa. ; 

SGRA. Porzana carolina (Linnaeus). 

Range.—North America, north to central British Columbia, 

southern Mackenzie, and the Gulf of St. Lawrence; thence south 

through the West Indies and Central America to Venezuela and 
Peru. 
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Breeding range.—The sora, or, as it is often called, the Carolina rail, 

reeds throughout northern United States and north to Grand Manan 
Island, N. B. (Osgood), Prince Edward Island (Bagster), Godbout, 

Que. (Comeau), Moose Factory, Ont. (Spreadborough), Fort Churchill, 
Keewatin (Clarke), Fort Rae, Mackenzie (Baird, Brewer, and Ridg- 
way), Fort Simpson, Mackenzie (Preble), Cariboo District, B. C. 

(Brooks), and Victoria, B. C. (Rhoads). The species has also been 

noted as a wanderer north to Nova Scotia (Willis), Newfoundiand 

(Reeks), Harrington, Que., July, 1907 (Townsend), Sandwich Bay, 

+- WI/INTERING 

@ RESIDENT 

30° 120° 

Fia. 12.—Sora, or Carolina rail (Porzana carolina). 

Que., 1898 (Townsend and Allen), Massett, B. C. (Keen), and Sukker- 
toppen, Greenland, October 3, 1823 (Reinhardt); several other 
specimens are reported from the west coast of Greenland, the most 
northern of which is from Umanak, latitude 70° (Schalow). 

The breeding range extends south to Philadelphia, Pa. (Audubon), 
Warren, Ohio (Dana), Lewiston Reservoir, Ohio (Fisher), Philo, Il. 
(Hess), Independence, Mo. (Widmann), Osawatomie, Kans. (Colvin), 

near Breckenridge, Colo. (Carter), Utah Lake, Utah (Johnson), 
Pyramid Lake, Nev. (Ridgway), and Escondido, Cal. (Hatch). 
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Winter range.—The flight of the sora is slow and labored (see p. 4), 

but some individuals travel more miles between the summer and 
winter homes than almost any other rails in the Western Hemisphere. 
The birds breeding in the Mackenzie Valley do not winter farther 
north than the Gulf coast and hence must travel at least 2,500 miles 
during their fall migration. The species passes in winter to about 
latitude 5° S., and as none of these South American birds nest south 
of latitude 35° N. the migration route can not possibly be shorter 
than 3,000 miles and may be much longer. 

The sora is dispersed in winter throughout the Greater and the 
Lesser Antilles and must take long flights over water in passing from 
one island to another. Moreover, the species is common in winter in 
northern Yucatan, and these individuals undoubtedly fly back and 
forth over the Gulf of Mexico, making a distance of at least 500 miles 
in a single flight. 

The sora winters in Mexico, Central America, the West Indies, and 
northwestern South America, south to Tumbez, Peru (Taczanowski), 

and east to Medellin, Colombia (Sclater and Salvin), Lake Valencia, 
Venezuela (Sclater and Salvin), Caracas, Venezuela (Ernst), and to 

the island of Trinidad (Sharpe), and Tobago Island (Jardine). It 

also winters in the northern Bahamas (Bonhote), Bermuda (Hurdis), 

and in Florida north to Amelia Island (Worthington) and Whitfield 
(Worthington). It is rather common in winter along the coasts of 

Mississippi, Louisiana, and Texas, in Lower California, and in western 

California north to Marysville (Belding). 
Stragglers have been seen in winter far north of the regular range 

at this season, at Canton, Md., December 26, 1890, and January 22, 

1895 (Kirkwood); Rochester, N. Y., December 12, 1882 (Coues); 

Seaford, N. Y., December 24, 1908 (Braislin); Hartford, Conn., 

December 29, 1881; Salem, Mass., about December 22, 1874 (New- 
comb); Rantoul, Ill., December 27, 1910 (Kkblaw); Lanesboro, Minn., 

January 25, 1894 (Hvoslef); and Pecks Lake, Ariz., January 24, 1887 
{Mearns). 

Spring migration. 

Num- | Average Th Vy ber of | date of | /2tliest date 

Place. years’ | spring Or SpEIne 
records.| arrival. Mma 

Gum pera), Wid ee ee rect sre ee Ee Pat ee ee ete Ne fete a fe es Mar. 7, 1902 
MRTP ow O00 Gale tae ey gare ne ak ee RAN aah fay stan oe Se eee ce, Sine se MN hae earl te oa eles hee ee Mar. 31,1896 
OtrantoSa Cle eeu oes eter 
Mount Pleasant, 8. C 

Qunonochontaneg, R. I 
Cam brid seNMass 22th ee whee weet sete se oo seme ae eee Soe Beene tesa . ¢ 
BPittshieldsiMess2 ccee - acess ose oe ose ae ee yr ee ee Sh ees 3 | May 16 | May 14, 1899 
Quebec City; Canada. oe. sees ts acid ceinnc. occ ee face desea See So eee ee eeic esl aeeemeree May 27,1892 
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Spring migration—Continued. 

Num- | Average n 
WSeGh. | Gee; Earliest date 

Place. ) Fi of spring 
Seats Spry arrival records.| arrival. r 

TSANG, INIo We sgcoc BobucasoaceeBGbeaoes saben eH noedags be keooroasece| begudHoE baanepooo: May 17,1888. 
Bayley Cire, Kye codon cnesso4 soueacouseeceen sede HaoceeSsJesecesoceaE 2| Apr. 16) Apr. 5,1902 
Ikeriens Cray, WW@s so cdonsttadeebeoabsesesedseasoLe ssacedscesecsarocosuc 2| Apr. 18] Apr. 17,1902 
CHICO LGR ae ee ee ti aerejslciniclelscio seciereleniaetisi== sacinee eee 11 | Apr. 19 | Apr. 11, 1896 
IN@wy Bnew), OMNES Hoes dadaseaaeenoccecudos SocctodsEEeosod cocdononE boa becbosoHbEcdoas Apr. 19, 1909 
Olam iin, Ono). osedsaseaddesundaseeeueaconcobe se oseedcEeescodecusecers 11 | May 2) Apr. 22,1907 
FATITIPAMD OL MICH sot ia\ajasiaicislajsyeisie eninie a|= 2 sinners eee 4 <i- Sarels m sisisersinperenis 6| May 3] Apr. 13,1908 
IGS pin omic hemes aes at BES ee aka etapa ee ee einaisiaraottaiein eee eee 6 | Apr. 19 | Apr. 11, 1904 
Tere mi., Oni hoo 5 sos See oe sods KaOtCOOeOnae Aas Sn soo coe Se EAA anos Aap ES aren 3 ay Apr. 23,1891 
Cilianwa, Olt. os osanaeleads tsk Cee aes EE Soe oUue o Je SsbeSusES AeSbSoEaene | 6 | May 11 ay 8,1910 
Sioux City, lowa.....-------- Igd bu abe euEBBUbYoEocce saceueae cess E Sanosy jooLcotoe boobaboooe Apr. 20, 1902 
Ix@Gintilk, [OWE sted bedaosuccoccousSEsabeotaes buses ebeeeaeuppopeoLeesoaaS 6 | Apr. 21 | Apr. 16, 1893 
Ivieolisa@, WWE codoosdadedeossesccondacseodeRsoolcad sscoEneEE neu nAnsaaaEs | 6| May 2] Apr. 19,1908 
Ibe) (GROSS, WWikisoéodnecoosadesboccapcenescnsedeess sqbseeEaabesaMeranooas 6| May 3) Apr. 20,1906 
lEiGiOm ILalKes Jubb See Pee Seba asaseeeeobeocoococecooRe Besoeeroscesnars 5 | May 5] Apr. 21,1889 
LiTiaeR OOS, Wb eco seed oboe doceseSeseseSenoacos codsEneaeeosaeeocenges | 9| May 1) Apr. 25,1889 
White Earth, Minn......... Sas a Nayaie te (aaa eae are sate soheeeeeees 2| May 6] May 4,1882 
(Genes, Ais aca cgoudedeks sb odabaH cae oudunes +o osasesuS ET BoErose pace loogedoon jeeaseadaad Apr. 8, 1885 
mage, [KSIG.  poseoanudedeecke te eudeduas sosuooEdSseeuoroBeoosacbosoDose 3| May 5] Apr. 29,1893 

IB AG mer eNe Diane ise Memeo tac ge a Neel nee michele emo onion eerie eerie 4| May 10] May /7,1886 
INI@HH AG ia, IN|OHa A DEN <0) eh eaces uace a SA seoseeHAcccod] ConraaemonSederererce 5 | May 14| May 3,1908 
AS GHOS, MEIN SEG ps SEE eee Se oS Sener ee ee tare eee 8 do....}| Apr. 30, 1902 
[baghim Jelgavel. Spee. soco soos san ou onE es oEco Been usc cos enon asaoesosoeuanas 5 | May 17] May 12,1906 
HOR TOIUINpPSOMPMACKEMZ Ie ys ie eos se aay lal aN os oer neee eyed rays anal ae eee hes May 19,1904 
PILES OU PAU Mal eee elecvisiaminetsye ces ce oe sect seebice oe sca secede cesses \sesisecealeceeeee ee Apr. 18, 1886 
Guild erg Ol Ontos see ene e iae se ciel aca ee aren SL. eae ee BUG sales gece sate May 8, 1910 
TEGESORL, Vise eccosindntoSnes CaS ere ER SEEE EOE Se oC CEHe BEES Ate Soee Ene EDA Beena iccasenaac Apr. 26,1911 
AUSTEN AN LTO 70 ce ee er aa SO I a SO eee a ROE May 9, 1906 
BATA IL OMPAN LAs net celeste to eeee wieie ote ements une aa Sibi eee eas 2| May 11] May 10,1903 
GRAVeVAMCIS DEINE Cale ee ei aelec asec siscnee see eee sta sine visclneeisn eae see hassesiiaals sce Sees Apr. 1,1891 
Orem Ghe OTe ree esse Gis a sak alee agls Capone eva niek sisi teemes eet agadecelee conse nee Mar. 28, 1887 

Chilliwackepb 4 Oeehemce te ans ee on ee ee LU eee 2| Apr. 11] Apr. 9,1889 
Okanogangslandin gC yeh si ook eel ow una oe Laos dees oe NaN wet na| ee eee cea Apr. 26, 1906 

The sora has been found at Swan Island, Honduras, as late as 

March 25, 1887 (Ridgway); Lake Amatitlan, Guatemala, March 9, 
1906 (Dearborn); Isla de los Pajaros, Vera Cruz, April 20, 1904 
(Sheldon); Alta Mira, Tamaulipas, April 12, 1898 (Goldman); St. 

Croix Island, West Indies, April 24, 1858 (Newton); Bermuda, April 
26, 1849 (Jardine); Sombrero Key Lighthouse, Fla., April 19, 1887 
(Marshall); Whitfield, Fla., May 7, 1903 (Worthington) ; Cumberland, 
Ga., April 15, 1902 (Helme); Charleston, S. C., May 14, 1910 (Cham- 
berlain); Kirkwood, Ga., May 12, 1897 (Smith); Raleigh, N. C., 
average May 13, latest May 18, 1888 (Brimley); Cumberland, Md., 
May 30, 1901 (Hifrig); Hester, La., April 23, 1902 (Pring); Bay St. 
Louis, Miss., April 20, 1902 (Allison); Bellevue, Tenn., May 20, 1895 
(Rhoads); and Hidalgo, Tex., May 20, 1889 (Sennett). 
Eggs of the sora were secured at Erie, Pa., May 25, 1892 (Todd); 

State College, Pa., June 7, 1909 (Harlow); Mount Holly, N. J., June 
2, 1871 (specimens in U. S. National Museum); Stamford, Conn., 

May 12, 1897 (Howes); Ponkapog, Mass., May 29, 1895 (Bowles); 
Montreal, Canada, June 8, 1889 (Wintle); Waterloo, Ind., May 16, 
1890 (McBride); Plymouth, Mich., May 19, 1889 (Purdy); Bay City, 
Mich., May 25, 1892 (Eddy); Ottawa, Ont., June 18, 1900 (Dawson); 
Forest, Iowa, May 30, 1893 (Anderson); Horicon, Wis., May 26, 1882 



30 BULLETIN 128, U. S. DEPARTMENT OF AGRICULTURE. 

(Goss); Pitrodie, S. Dak., June 1, 1888 (Cheney); Reaburn, Man., 

June 4, 1893 (Dippie); Long Lake, Man., June 7, 1894 (Arnold); 
Crane Lake, Sask., June 9, 1894 (Macoun); Big Quill Lake, Sask., 

June 12, 1909 (ac): Tenty Mont., June 18, 1898 Cuneromr Tale 

Valley, Cal., May 31, 1910 (Ray); Fort Kdariath, Oreg., May 27, 
1887 (Merrill); and downy young at Fort Keogh, Mont., June 8, 
1889 (Thorne). 

Fall migration —In the Mississippi Valley the number of sora is 
probably greater than along the Atlantic coast, yet the marshes are 
so numerous and extensive that sora never congregate in small areas 
in such enormous numbers as in favorable localities on the coast. 

Fall migration. 

Num- | Average F 
ayaa ll GEA ek Earliest date 

Place: el s of fall 
years fall ar- : 

records.| rival. arrival. 

ipPachaco. Chihuahuas: ss jester ac oz ce eee tees ces octane saseeeeeae sels Riis Sects cieainemee ae Aug. 11,1905 
MarBarca. JauscO ee .8 «2 oceeee Sesh Sauce woos cee eosoesminalece ce San cc| (se cmesiee|sisew ences Aug. 17, 1903 
IN'OBTOLE. MACHOACATI cst socio c ete nit ect sele ac cer eemiareinetns al esi nia cid meemeeiea Sept. 10, 1903 
IB OPIN Wes so ee aoe ees ee eee San ree et ro elas 22 oa aps al ee caorall ayaisiaicte eee Aug. 31, 1847 
Canaveral Mla tances. eb cactencct acu ceetsotnee anus noe on Goce aeaembeeere lemeisals eslocseeoeess Sept. 16, 1889 
Ways Statlon Gases: sakes 5 aac sc atie Sates Sols Haters nc giaielatistoe ce Sine ae ieiele aisles leleeibicte steiee Aug. 25, 1886 
Sulblivansisland SiC 2 tees eee. Seen ee eee as = miei ete ears | aa ietsieleretel | alates sees Aug. 14,1910 
Raleigh aN Cs jeteeus attests eee ae een peer cee enfecoseaten 4 | Sept. 2] Aug. 21,1894 
iWashingtons D i Cece cekpisecchen:s asec sect ee seaaeme Sieve cinjaiare a(S aia sieisretsiatele = 14 | Aug. 13 | Aug. 3,1899 
Diamond se ashe tacts bins came eed gece esses toes seve Seda aasatmmalsescecealaaaeeceses Sept. 1, 1897 
BayAS bs WOUIS; Miss s2o<2. 22 ee ces ance aoe tesaaccecmccea ses sae 3 | Sept. 8 | Aug. 23,1899 
Monteert Mo (near) a. eck .cdesis cease sdican tase ose s nce cesaeenseteicwieme 2| Sept. 8] Sept. 4, 1902 
Brownsville, exe .ta. ose. oS bose tence coe os 2 seh ee weed ateceineremaciaclldegaeucel seeasteeee Sept. 18, 1888 
OTEAVierd Oe ATIZE ce cece 6 cao en secten ace ne Meneemet cen Saco See ee oo. | se meacins |e ee oneaeee Sept. 3, 1886 

Num- | Average 
ber of | date of Latest date Place. ji of the last 
years’ | the last aie aera 

records.) one seen. 5 

Indian Tedd, Saskes25.i 20S 2 toc craic cc celsscteeese fe scese cage eessiosca|secessnclss ccs eciee Oct. 25, 1904 
IAWEINO SMSIN sce cioee el Sy teks none. See ut ee ameeminme ae seca oce seme 6 | Sept. 6] Oct. 3,1907 
Ottawa MONG see et og ota fardoe sie ances cee mute Se cee eee te els ta meeee |e eee Oct. 30,1895 
Point PeleesOnt ss 52. 5. Secs <iis a eis seis se a ete seer sic cas eo seca | owen siemellemateeer Oct. 14,1909 
God bouta@ ies. eee sks ere tees oe eye pene ie ee 3 | Aug. 19 | Sept. 14, 1891 
Momntroals Canada 2.2 otic ctiesisrecle kere eeeisete Saino pare Seinen oe seae sions 4 | Sept. 30 | Oct. 7,1893 
SoutbermyM ain eG. ut see oe yao elo ialais coe emi ep cnl cote ha lene eet as 3 | Oct. 7} Oct. 26,1904 
INOTbOYErurOs Masse x 32 ack oa 5h ea hee hee ae ee > ae ros coer el [area ere | eer eee Oct. 20, 1889 
ING WD OTbRLUES coc oa ait ope cie te see ease ee eee ema eeaeeeceseenes 5 | Oct. 10 | Nov. 10, 1899 
FES MERE cect ire ere aro oe ctor pea teere eC Srctee cle Peete ia xe oe ence eat 4] Oct. 21 | Oct. 25,1894 
OSSIMIN GAIN geeks otic ee See ae Bee the ean eee Mae Eae, cee eee pada es 2} Oct. 14 | Oct. 16,1885 
WiasShine Tomy Ds Cathe ae cs eens So ate cee sein oe Netiets owe sees 5 | Oct. 19 | Nov. 9, 1878 
Raleigh, NAG Sine CRRA NES, ee en ood el er ee 4} Oct. 15} Oct. 30,1891 
Kirkwood, Gabon ce ete ccna ae Scan Stet mice emiien Se eeeemecie ee mene ge bre beineee|Secmees yee Oct. 14, 1898 
ESCO UKAMLOWealiwec cect e Ser scien a eteiaes Sateen oe eee em eeon 3 | Oct. 10 | Nov. 19, 1893 
BID) CLAN TI spa VV IS oes wea ge re eee Sc tree eee: na Sp Lf ont Ee ea eee 3 | Oct. 13 | Oct. 22,1896 
EDODOR SS CAMS sk Sse Beer ayn is oe stnee A eS Ses oot Seach Sree cheers rere | tae tees |e eran Oct. 18, 1902 
BSUS ereNGbr Stes cece ce oot caaese concn oe coe een meet ctecie sce Ses ee eee cra [eee Se Oct. 23,1899 
SiowumWallsys 7 Dake socks Mee Sor see ae ae ee acs ara ct aah a ral ote ee tae | ee Oct. 17,1909 
Antler, N. Dak . 12,1908 
Terry, Mont...... BP : . 17,1908 
St. George, Utah . 38,1909 
Palmer, Mich.. . 6,1894 
Neebish Island, “Mich - . 9,1893 
Vicksburg Mich...... . 17,1902 
Oberlin, Ohio. . . 23,1896 
Brookville, Ind.. : . 14,1890 
Chicago, Ili... : . 17,1897 
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[MEXICAN YELLOW RAIL. Porzana goldmani Nelson. 

The Mexican yellow rail is known only from the type specimen taken by Goldman, 

July 11, 1904, at Lerma, Mexico.] 

[YELLOW-BELLIED RAIL. Porzana flaviventris (Boddaert). 

The distribution of the yellow-bellied rail is rather peculiar. It is known in South 
America from Guiana. to southern Brazil, but though not yet recorded from Central 
America nor from the rest of the Greater Antilles, it is not infrequent in Jamaica 

and Cuba. | 

[RUFOUS RAIL. Porzana rubra Sclater and Salvin. 

Recorded many years ago from British Honduras, the lower parts of Guatemala 

south to Duenas, and from Cozumel Island, Yucatan, the known range of the rufous 
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Fic. 13.—Yellow rail ( Coturnicops noveboracensis). 

rail was extended in February, 1901, to Tlacotalpam, Vera Cruz (Smith), and on April 

25, 1904, by Sheldon and Piper, to Isla de los Pajaros, near Tampico, Vera Cruz.] 

YELLOW RAIL. Coturnicops noveboracensis (Gmelin). 

Range.—North America from central Canada to the Gulf coast. 
Breeding range.—Vhere seem to be only a few sets of eggs of the 

yellow rail in museums or collections. Hence the breeding range of 
the species has to be inferred from its occurrence in summer. At 
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this season it has been noted north to Fort George, Que. (Bell), 
York Factory, Keewatin (Preble), and Fort Resolution, Mackenzie 
(Preble); and west to Red Deer, Alta. (Saunders). It has been seen 

during the summer south to Calais, Me. (Boardman), Winnebago, 
Ill. (Coues), Jefferson County, Wis. (Kumlien and Hollister), and in . 

Minnesota (Roberts). 

Winter range.—The yellow rail winters on the Gulf coast from 
Sandy Key, Fla. (Audubon), to Vermilion Bay, La. (McAtee); and 
north on the Atlantic coast to Charleston, S. C. (Wayne). Indi- 

viduals have been taken casually in winter much farther north to 
Newbern, N. C., February, 1892 (Brimley); Sayville, N. Y., January 
17, 1894 (Eaton); and Seaford, N. Y., December 4, 1908, and January. 
10, 1909 (Peavey). The species also has the remarkable record of _ 

appearing on the Pacific coast in winter. It does not breed anywhere 
west of the Rocky Mountains, but a few individuals seem to cross 
the mountains in migration and have been noted at Scio, Oreg., Feb- 

ruary 1, 1900 (Prill); Humboldt Bay, Cal., 1884 (Townsend); So- 
noma, Cal., December 20, 1898 (Carriger); Point Reyes, Cal., Novem- 

ber 19, 1900 (Mailliard); Cordelia, Cal. (Bryant); Martinez, Cal. 

(Cooper); Alameda, Cal., November 7, 1900 (Cohen); Alvarado, 

Cal., December 28, 1883 (Bryant); Alameda County, Cal., fall of 

1897 (Kaeding); San Mateo County, Cal., November, 1897 (Tay- 

lor); Berryessa, Cal. (Beck); and Sacaton, Ariz., March 28, 1909 
(Gilman). 

Spring migration.—The spring advance occupies nearly two months, 
from late March to the middle of May. Yellow rails arrived at Fort 
Macon, N. C., April 12, 1871 (Coues); Washington, D. C., March 28, 

1884, and April 14, 1893 (Palmer); Erie, Pa.,; April 23, 1904 (Todd); 

Princeton, N. J., April 10, 1895 (Phillips); Oakdale, N. Y., April 29, 
1887 (Dutcher); Murray, N. Y., April 21, 1894 (Posson); Bridgeport, 

Conn., March 24, 1888 (Averill); Wakefield Meadows, Mass., May 9, 

1888 (Webster); Dedham, Mass., May 26, 1906 (McKechnie); St. 

Louis, Mo., March 27, 1876 (Widmann); Lebanon, Ill., April 5, 1877 

(Jones); Chicago, Hl., April 12, 1888 (Woodruff); Detroit, Mich., 
March 25, 1908 (Taverner); Lake Maxinkuckee, Ind., March 22, 1901 

(Evermann); Kankakee Marsh, Ind., April 2, 1885 (Perry); Toronto, 

Ont., April 24, 1899 (Fleming); Two Rivers, Wis., May 22, 1890 
(Fisher); Elk River, Minn., May 14, 1885 (Bailey); Lake Wilson, 

Minn., May 13, 1909 (Peters); Lawrence, Kans., April 18, 1885 (Goss); 

and Lincoln, Nebr., April 30, 1909 (Zimmer). 

‘The species has been noted at Darien, Ga., as late as March 29, 

1890 (Worthington), and at Bay St. Louis, Miss., until April 21, 1902 
(Allison). 

Eggs have been taken at Winnebago, Ill., May 17, 1863, and near 

Devils Lake, N. Dak., June 4, 1901, June 8, 1903, and June 9, 1910. 
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Fall migration.—The first yellow rails returned to Chester, 5. C., 

September 3, 1887 (Loomis); Erie, Pa., September 15, 1901 (Todd); 

Charlestown, R. I., September 26, 1886 (Glezen); Newton, Mass., 
September 8, 1868 (Baird, Brewer, and Ridgway); Toronto, Ont., 
August 5, 1896 (Fleming); near Burlington, Iowa, September 9, 1898 
(Bartsch); Lanesboro, Minn., September 1, 1886 (Hvoslef); Biloxi, 

Miss., November 19, 1903 (Brodie); and Bermuda, October, 1847 

(Hurdis). 
The last were reported from Portland, Me., October 1, 1905 (Nor- 

ton); Seabrook, N. H., October 15, 1871 (specimen in U. S. National 
Museum); Canton, Mass., October 15, 1872 (Purdie); near New Ha- 

ven, Conn., November 10, 1876 (Merriam); Buffalo, N. Y., October 
11, 1907 (Katon); Far Rockaway, N. Y., October 15, 1883 (Lawrence) ; 

Salem, N. J., October 24, 1908 (McKee); Erie, Pa., October 29, 1901 
(Todd); Prince George County, Md., November 3, 1880 (Kirkwood); 

Washington, D. C., November 17, 1893 (Palmer); Lanesboro, Minn., 
September 24, 1891 (Hvoslef); Delavan, Wis., October 13, 1901 
(Hollister); Kalamazoo, Mich., October 19, 1890 (Gibbs); Toronto, 

Ont., October 15, 1895 (Nash); Ottawa, Ont., October 22, 1895 
(White); and Lawrence, Kans., October 1, 1885 (Kellogg). 

BLACK RAIL. Oreciscus jamaicensis (Gmelin). 

Range.—North America from Kansas, southern Ontario, and Mas- 
sachusetts, to Jamaica and Guatemala. 

Breeding range.—The black rail breeds throughout the northern 
half of its range in the United States; it is not only the rarest rail in 
this district, but is also so secretive that even when present it is 
seldom seen, and hardly more than a dozen nests have ever been 
‘found. It occurs in summer from Mount Pleasant, S. C. (Wayne), 

Weaverville, N. C. (Cairns), Philo, Ill. (Hess), and Garden City, Kans. 
(Kellogg), north to Chatham, Mass. (Allen), Dundas, Ont. (Nash), 
Calumet, Ill. (Nelson), Fort Dodge, Iowa (Somes), and Beloit, Kans. 
(Goss). It has been taken also north to Lake Koshkonong, Wis., 
August 20, 1877 (Kumlien and Hollister), Westpoint, Nebr. (Bruner), 

and Denver, Colo. (Bruce). 
Winter range-—The black rail winters in Guatemala (Salvin), and 

occurs in Jamaica from August to February and rarely to April 
(Scott). There seems to be no sure record of its wintering anywhere 
in the United States. 

Spring migration.—The species was noted in the spring at Key 
West, Fla., March 11, 1890 (Scott); Warrington, Fla., March 22-26, 
1885 (Stone); Mosquito Inlet, Fla., May 9, 1902 (Gane); Washing- 
ton, D. C., May 29, 1891 (Brown), and June 6, 1879 (Baird, Brewer, 
and Ridgway); Milton Hill, Mass., May 16, 1904 (Cobb); Canton, 
TL, April 15, 1895 (Cobleigh); Bicknell, Ind., May 1, 1907 (Chansler); 
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Carthage, Ohio, May 17, 1890 (Drury); southeastern Texas, April 29, 
1879 (Nehrling); and Neosho Falls, Kans., March 18, 1886 (Goss). 

Fall migration.—During the fall the black rail has visited the 
Bermudas, September 5, 1848 (Hurdis); Mount Pleasant, S. C., 
October 17, 1891. and November 9, 1906 (Wayne); Piscataway 
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Fig. 14.—Black rail (Creciscus jamaicensis). 

Creek, Md., September 25, 1877 (Palmer); Mount Calvert, Md., 

October 19, 1906, September 22, 1907, and October 12, 1908 (Palmer); 
Washington, D. C., September 1, 1908 (Palmer); Camden, N. J., 
September 22, 1887 (Sherratt); Canton, Ill., October.27, 1894 (Cob- 
leigh); Chicago, IIL, October 15, 1903 (Dearborn); Lawrence, Kans., 

September 26, 1885 (Kellogg); and Habana, Cuba, twice (Gundlach). 
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Eggs have been found at Mount Pleasant, S. C., June 10, 1903 
(Wayne); Raleigh, N. C., May 26, 1890, to August 10, 1898 (Stone); 
Saybrook, Conn., July 10, 1876 (Purdie); Great Island, Conn., June 
6, 1884 (Clark); Calumet Marsh, near Chicago, Ill., June 19, 1875 
(Nelson); Philo, [l., May 30, 1901 (Hess); and Garden City, Kans., 
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ne is neues rail ( Ce coturniculus). 

June 6, 1889 (Kellogg). Young not long from the nest were found 
near Philadelphia, Pa., July 22, 1836 (Allen). 

FARALLON RAIL. Creciscus coturniculus (Ridgway). 

Knowledge of the life history of the Farallon rail is only fragmen- 
tary. The species has been found nesting in a marsh near National 
City, Cal. (Stephens), and apparently this is the only place where 
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eggs have actually been collected. The nesting season extends from 
the middle of March to early May (Ingersoll). 

The species is somewhat common in late fall in the marshes around 
San Francisco Bay and especially near Point Reyes (Brewster); it 
has been noted there from October (October 12, 1899) to December 

(December 1, 1892) and may possibly winter there, as one was seen 
February 29, 1892 (Beck), and one at Redwood City February 2, 
1897 (Thayer). At their breeding grounds near San Diego they 
have been recorded from March to June 22 and from November 16 
to December (Stephens). Other California dates are: Riverside, 

August 13, 1892 (Miller); Orange, December 12, 1896 (Grinnell); 

and Ballona Marsh, Los Angeles County, May 16, 1895 (Grinnell). 
The species has wandered into Washington—Tacoma, November 10, 
1900 (Bowles); it was probably seen by Bendire at Malheur Lake, 
Oreg.; and one was taken August 31, 1905, at San Quintin, Lower 
California (Nelson and Goldman). Eggs have been taken in the 

vicinity of San Diego Bay, April 21, 1908 (Thayer); May 4, 1908 
(Ingersoll); and April 7, 1910 (Thayer). 

Should it be ascertained that this rail winters near San Francisco 
Bay and does not breed there, the species would be unique among 
United States birds as wintering north of the breeding grounds. 

[ASH-HEADED RAIL. OCreciscus cinereiceps (Lawrence). 

The ash-headed rail occupies most of eastern Costa Rica and the southern half of 

eastern Nicaragua. Its known range was extended in 1911 by E. A. Goldman, of the 
Biological Survey, through the capture of a specimen at Lion Hill, Panama. |] 

[WHITE-THROATED RAIL. Creciscus albigularis (Lawrence). 

Originally described from Panama, the white-throated rail has been recorded south 
to Remedias, Colombia, and north along the Pacific coast to Las Trojas and La Bar- 
ranca, Costa Rica.] 

[WANDERING RAIL. Creciscus ezilis vagans (Ridgway). 

The wandering rail has been obtained on the Segovia River, Honduras, and the 

Escondido River, Nicaragua. The type species occurs in northern Brazil, Guiana, 
and Trinidad Island. } 

CORN CRAKE. Crez crez (Linnaeus). 

Range.—Eastern Hemsiphere; casual in Greenland and to the 
United States. 

The coast of Greenland has received several visits from the corn 
crake, its range here extending on the west side to Egedesminde in 
Disco Bay, and south to Julianehaab; and on the eastern coast it has 

been noted at Angmagsalik and Tasicasak. It was once taken in 
Bermuda—October 25, 1847 (Reid); Hursley, Md., November 28, 1900 

(Laurent); Salem, N. J., fall of 1854 (Cassin); near Bridgeton, N. J., 

June, 1856 (Krider); Dennisville, N. J., November 11, 1905 (Stone); 
Oakdale, N. Y., November 2, 1880 (Dutcher); Green Island, N. Y., 
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November 6, 1883 (Park); near Amagansett, N. Y., about August 15, 
1885 Dutcher); Montauk Point, N. Y., about November 1, 1888 
(Dutcher); Saybrook, Conn., October 20, 1887 (Clark); Cranston, 
R. 1., 1857 (Howe and Sturtevant); Falmouth, Me., October 14, 1889 
(Brock); Pictou, N.S., about October, 1874 (McKinlay); and New- 
foundland, about 1859 (Jones). Thus there are at least 14 records 
of the corn crake in North America south of Greenland, all but one of 
them in the fall. 

The species ranges across Europe and Asia east to the valley of the 
Yenesei, and to Maskat, Arabia. It winters in Africa. 

Y 
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Fic. 16.—Corn crake ( Crez crez). 

PURPLE GALLINULZ. JIonornis martinicus (Linnaeus). 

Range.—Tropical and subtropical America; north regularly to 
southern United States; casually to southern Canada; south through 
the West Indies and Central America to Ecuador and Paraguay. 

The real home of the purple gallinule is in Middle America, the West 
Indies, and South America. In the latter country the species extends 
south to Iguape, Brazil (Ihering); Buenos Aires, Argentina (Dab- 
bene); and Androas, Ecuador (Sharpe). It is common in the Lesser 
and Greater Antilles and throughout Middle America west to San 
Blas, Tepic (Lamb), to the Rio de Coahuana, Colima (Lawrence), and 
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Fig. 17.—Purple gallinule (Jonornis martinicus). 
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to La Barca, Jalisco (Goldman). Throughout this great region it 
geems to be either resident or so slightly migrant that its movements 
can not be traced. 

To the northward it has occurred a few times in Bermuda—May 30 
and October 22, 1851 (Hurdis); and in the Bahamas, according to 
Bonhote, has been taken at Cay Lobos, October 19, 1900, Cay Sal, 
April 24, 1901, and February 9, 1902, and Mangrove Cay, December 

16,1901. Itis resident in Florida and thence along the Gulf coast to 
Texas and eastern Mexico. Along the Atlantic coast it nests regu- 
larly north to Charleston, S. C. (Wayne), but withdraws in winter to 
Florida, where it is known at this season north to Tallahassee (Wil- 
liams). It breeds up the Mississippi River to Natchez, Miss. (Audu- 
bon), but seems to retire to the Gulf coast for the winter. 

The purple gallinule is a great wanderer and has been taken in the 
spring at Rockport, Mass., April 12, 1875 (Whitman); Randolph, 
Mass., May 24, 1904 (Thayer); South Lewiston, Me., April 11, 1897 
(Knight); near St. John, N. B., April 6, 1881 (Brewster); Halifax, 
N.S., April, 1889 (Piers); St. Charles, Mo., April 22, 1877 (Widmann) ; 
im Illinois near St. Louis, Mo., Apri! 18, 1877 (Allen); Coal City, IIL., 
April 24, 1900 (Deane); Willington, Ill., April 26, 1909 (Deane); near 
Chicago, [ll., May, 1866 (Nelson); Sandusky, Ohio, April 28, 1896 
(Moseley); near Toronto, Ont., April 8, 1892 (Nash); Janesville, 
Racine, and Milwaukee, Wis. (Kumlien and Hollister); Blackhawk, 

Towa (Peck); Huntsville, Tex., April 26, 1909 (Thomason); Manhat- 
tan, Kans., April 14, 1893 (Lantz); Westpoint, Nebr. (Bruner); 
Tombstone, Ariz., June, 1904 (Willard); and Florence, Colo., June 17, 
1911 (Doertenbach). 

The latest dates in the fall north of the breeding grounds are at 
Quebec City, Canada, middle of September, 1909 (Dionne); Mount 
Desert Island, Me., November 7, 1899 (Swain); Stoneham, Mass., 

November 27, 1837 (Peabody); Sandusky, Ohio, September 2, 1894 
(Tuttle); Waverly, Ohio, November 16, 1898 (Henninger); Freder- 

icksburg, Tex., September 18, 1894 (Grasso); and Tucson, Ariz., 
October 20, 1887 (Brown). There are also the strange records of 

single birds found at Halifax, N. S., January 30, 1870 (Jones), and 
January 16, 1896 (Piers). 

At the southern limit of the purple gallinule’s range in Brazil the 
eggs are laid in November (Kuler), and at Santiago del Estero, 
Argentina, a set was taken December 28, 1905 (Hartert and Venturi); 
in Cuba eggs are found most commonly in June and July (Gundlach); 

while in the United States the breeding season is long extended, since 
eggs are in the U.S. National Museum, collected at Avery, La., April 
15, 1894, while downy young were taken at Yemassee, S. C., Septem- 
ber 17, 1887 (Wayne). 
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FLORIDA GALLINULE. Gallinula galeata (Lichtenstein). 

Range.—North and South America; north to California, Minnesota, 
and Quebec; south through the West Indies and Central America 
to Chile and Argentina. 

Breeding range.—The Florida gallinule has a wide distribution in 
the Western Hemisphere, breeding throughout the West Indies and 
in South America south to La Concepcion, Chile (Gould and Darwin), 
and to Buenos Aires, Argentina (White). It is almost entirely absent 

from northwestern Colombia and the whole of Panama and Costa 
Rica, but is common in favorable localities of the rest of Middle 
America north to Tepic and Mazatlan (Lawrence), and to Browns- 

ville, Tex. 
The summer distribution in the United States is peculiar, com- 

prising three distinct areas. The largest area occupies the district 
from the Ohio River and the mouth of the Delaware north to Province- 
town, Mass. (Small), St. Albans, Vt. (Woodworth), Montreal, Canada 
(Wintle), Toronto, Ont. (Nash), Lansing, Mich. (Cole), Kelley Brook, 

Wis. (Schoenebeck), and Minneapolis, Minn. (Moore); and west to 

Valentine and North Platte, Nebr. (Bruner, Wolcott, and Swenk). 
The second area includes Florida and the Gulf coast west to Louisi- 
ana and north to Rodney, Miss. (Mabbett), and to Charleston, S. C. 

(Wayne). This Florida area connects southward with Cuba and the 
Greater Antilles, where the species is common, but to the eastward 
in the Bahamas the bird seems to be rare and local, though it has been 
recorded at Nassau (Bonhote), Watlings (Todd), and at Inagua 

(Cory). It breeds rarely in Bermuda, and additional m?zrants 

appear there in the fall (Reid). The remaining area is western 

California from Escondido (Sharp) to Sacramento (Ridgway). 

Hach of these three areas is separated from its nearest neighbor 
by several hundred miles in which the species is rare or unknown. 
Between the first and second is an isolated breeding colony at Lake 
Ellis, N. C. (Philipp). The birds that breed at Woodward, Okla. 
(Lantz), may constitute a far removed outpost from the lower Mis- 
souri contingent, while the few individuals nesting in the vicinity of 
Tucson, Ariz. (Rhoads), are separated by many miles of desert from 
their nearest neighbors in southern California. 
A few Florida gallinules have wandered north to Halifax, N. S., 

November 18, 1888 (Austen); Kentville, N. S., September 20, 1886 
(Chamberlain) ; St. John, N. B., September, 1880 (Brewster) ; Calais, 
Me. (Boardman); Quebee City, Canada, May 28, 1892 (Dionne); 
Beaumaris, Ont. (Fleming); Bay City, Mich., May 2, 1891 (Eddy); 

near Vermilion, S. Dak., late April, 1899 (Sweet); Colorado Springs, 

Colo., May 9, 1882 (Allen and Brewster); and near Fort Verde, Ariz., 
September 26, and November 1, 1884 (Mearns). 
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Fig. 18.—Florids gallinule (Gallinula galeata). 
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Winter range.—The Florida gallinule seems to be resident through- 
out its range in Middle and South America and north to Ashepoo 
Station, S. C., December 30 and 31, 1904 (Murphy); Tallahassee, 
Fla. (Williams) ; Vermilion Bay, La. (McAtee) ; Lake Surprise, Texas, 
December 8-11, 1910 (McAtee); San Pedro, Ariz. (Scott); and Los 
Angeles, Cal. (Swarth). A laggard was noted at Palmer, Mass., 
December, 1909 (Morris). 

Spring migration.—The Florida gallinule arrived at Washington, 
D. C., April 19, 1892 (Hasbrouck); Waynesburg, Pa., April 26, 1894 
(Jacobs) ; Philadelphia, Pa., average April 23, earliest April 16, 1909 
(Miller); Canandaigua, N. Y., April 12, 1905 (Antes); Cambridge, 
Mass., April 29, 1895 (Faxon); Ferrisburgh, Vt., April 28, 1879 

(Robinson); East Sullivan, Me., May 5, 1883 (Knight); Montreal, 
Canada, May 19, 1892 (Wintle); Versailles, Ky., April 11, 1905 
(Brodhead); Chicago, Ill., average May 9, earliest April 24, 1902 
(Blackwelder); central Indiana, average May 2, earliest April 29, 
1908 (Ratliff); New Bremen, Ohio, April 19, 1909 (Henninger) ; 
Oberlin, Ohio, average May 2, earliest April 20, 1907 (Jones); Vicks- 
burg, Mich., average May 2, earliest April 24, 1904 (Corwin); Dunn- 
ville, Ont., May 8, 1884 (McCallum); Grinnell, Iowa, April 28, 1890 
(Kelsey); National, Iowa, April 18, 1909 (Sherman); near Madison, 

Wis., average May 1, earliest April 26, 1908 (Vorhies) ; Minneapolis, 
Minn., May 10, 1905 (Moore); Lawrence, Kans., April 19, 1907 (Han- 

na); Dunbar, Nebr., April 27, 1899 (Wolcott). Near the southern 

limit of the breeding range at Sacaya, Chile, the species nests up to 
11,000 feet altitude and the eggs are here laid during January and 
February (Lane); at Concepcion, Argentina, young were found 
September 29 and eggs the middle of October, 1880 (Barrows); and 
at Cantagallo, Brazil, young in late October, and eggs January 28, 
(Euler). It is thus evident that south of the Equator the breeding 

season lasts about six months from September to February. Nearly 
the whole year is represented north of the equator, for young 10 days 
old were found in Jamaica January 23, 1891, and eggs in May and 
June (Scott); while in Barbados eggs were taken July, 1888 (Fielden) ; 
and in Cuba, according to Gundlach, the gallinule nests from June 
to December. Eggs were found at Mount Pleasant, S. C., May 21, 
1904 (Wayne); Philadelphia, Pa., May 22, 1905 (Miller); Stratford, 

Conn., June 25, 1891 (Lucas); North Truro, Mass., May 22, 1892 
(Thayer); Cambridge, Mass., June 5, 1890 (Brewster); Lake Boma- 

seen, Vt., May 28, 1881 and 1882 (Richardson); Rodney, Miss., 
May 10, 1887 (Mabbett); Kalamazoo, Mich., May 25, 1891 (White); 
Dunnville, Ont., May 29, 1884 (McCallum); Pewaukee, Wis., May 
20, 1875 (Goss); Fort Snelling, Minn., May 28, 1903 (specimens in 
U.S. National Museum); Brownsville, Tex., May 16, 1877 (Sennett) ; 
and near Los Angeles, Cal., April 15, 1890 (Howard). 
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Fall migration.—The latest birds noted at Point Pelee, Ont., were 
seen October 9, 1906 (Taverner and Swales); Vicksburg, Mich., 
average October 1, latest November 16, 1910 (Corwin); Oberlin, Ohio, 
November 11, 1890 (Jones); New Bremen, Ohio, November 16, 1909 
(Henninger); Calumet, Ill, October 23, 1876 (specimen in U. S. 
National Museum); St. Louis, Mo., October 3, 1905 (Widmann) ; 
Montreal, Canada, November 5, 1898 (Wintle); Portland, Me., 
October 15, 1907 (Norton); Cambridge, Mass., November 9, 1898 
(Hathaway); Point Judith, R. I., November 29, 1900 (Hathaway) ; 
Shelter Island, N. Y., October 28, 1898 (Worthington); Washington, 
D. C., October 26, 1876 (Wouy); and Philadelphia, Pa., November 16, 

1909 (Miller). 

EURGPEAN COOT. fFulica atra Linnaeus. 

The normal range of the European coot includes most of Europe, 
the northern part of Africa, northern and central Asia, India, and 
southeast to the Philippines. 
A few specimens have been taken in southern Greenland, where it 

is an accidental visitant. 

COOT. Fulica americana Gmelin. 

Range.—North America from central British Columbia, southern 
Mackenzie and Quebec, south through the West Indies and Central 
America to Panama. 

Breeding range.—During the breeding season the coot shuns south- 
eastern United States and the lower Mississippi Valley, while it breeds 
abundantly in the same latitudes of western United States and even 
south in Mexico to Jomatla, Vera Cruz (Sharpe), and Acapulco, 
Guerrero (Nelson). There arc more or less isolated breeding colonies 

on Cozumel Island, Yucatan (Sharpe), and the Lake of Duenas, 

Guatemala (Salvin and Sciater), while the species is a common breeder 

in Jamaica (Scott) and in Porto Rico (Wetmore). The coot is a rare 

breeder along the Atlantic coast, but a few pairs have been known to 
nest from Philadelphia, Pa. (Miller), north to Long Island City, N. Y. 
(Braislin), and according to Nuttall it nested once near Cambridge, 
Mass., but it is not now known to breed anywhere on the New England 
coast. It has nested at Lake Bomaseen, Vt. (Howe), and is a common 
breeder west of the Aileghenies south to Ithaca, N. Y. (Reed and 
Wright), Port Clinton, Ohio (Langdon), Mount Carmel, Il. (Ridgway), 

Reelfoot Lake, Tenn. (Rhoads), and Eureka Springs, Ark. (Smith), 

whence the breeding range extends southwest through Decatur, Tex. 
(Donald) to Brownsville, Tex. (Merrill). On the Pacific coast the 
species breeds south in Lower California to Purisima (Thayer). It 

may occasionally breed in southern Louisiana, for some twenty birds 
were seen June 19, 1914, on the southern side of Lake Ponchartrain 
(Fisher). 
Northward the coot breeds to Quebec City, Canada (Dionne), 

Ottawa, Ont. (White), Sudbury, Ont. (Alberger), Kelley Brook, Wis. 
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(Schoenebeck), Oak Point, Man. (Small), Chemawawin, Keewatin 
(Nutting), Prince Albert, Sask. (Ferry), Fort Simpson, Mackenzie 
(Preble), and Caribou District, B. C. (Brooks). It has been known to 

wander north to New Brunswick (Chamberlain), Nova Scotia (Downs), 

St. John, Newfoundland (Hawley), Sandwich Bay, Que. (Grenfell), 

i @ BREEDING 
HOOCCURRENCE IN SUMMER 
f-+WINTERING 
HQOCCURRENCE IN WINTER | 
HO AES/DENT 

Fic. 19.—Coot ( Fulica americana). 

Nain, Que. (Turner), Jacobshavn, Greenland, 1854 (Harting), God- 
thaab, Greenland, 1854 (Newton), Fort Yukon, Alaska (Nelson), and 
Sitka, Alaska (Hartlaub). 

Winter range.—The coot migrates south in winter through Central 
America to Lagunadel Castillo, Panama (Salvin), and to the northern 
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Bahamas, Cuba, and Haiti. It winters in southern United States, 
north on the Atlantic coast to Cobb Island, Virginia (Rives), inthe 
interior to Mount Carmel, Ill. (Ridgway), San Angelo, Tex. (Lloyd), 
San Pedro, Ariz. (Scott), Pecks Lake, Ariz. (Mearns), and St. Thomas, 

Ney. (Bailey); and along the whole Pacific coast from San Jose del 
Cabo, Lower California (Frazar), to Chilliwack and Okanogan, B. C. 
(Brooks). It has been noted in winter near Cambridge, Mass. 

(Brewster), Buckhannon, W. Va. (Day), and at Barr Lake, Colo. (Her- 
sey and Rockwell), and in late fall migration in Bermuda (Hurdis), 
and on Clipperton Island, southwest of Mexico (Beck). 

Spring migration. 

Num- | Average : berlon lidatece Earliest date 
Place. years’ | spring of spring 

records.| arrival. arrival. 

[Raleiplimp Na Carentan eciie sie ite Se ok eR Sa Nea a She oe EN Se Sepa Apr. 6,1898 
COUP C DOU MAW I Viele tas oa cis Spice nie eisicicre cle Si er oee cy tse ete on 3 | Mar. 19 | Mar. 15,1907 
Grimipo wid ers Marsha mnie i Ao Ss bie cla ON I eae al aisbea aise eee a Mar. 14,1893 
TREE RTO) TERA Es Sa ata ane ete aa eu AN Rep ame ree Mar. 5,1900 
TIS, LP Ee OSG de kao BOS SEAS SE SIS caer ea ere agli ae e geNT ePecieste De eae eae Mca ay ay Mar. 28,1898 
BEA h Oni py NMpY endear) a. eeau Ss ee em ae eae 4} Apr. 22} Apr. 12,1888 
(CHT a ay rit Wexa),, WIENS a ee a a eu HU | La Apr. 18,1890 
S LIGETSTD OA OPTI GIs sep ae a pe EG 7a NT a ich Lata i Fane or Apr. 28,1893 
QUERECIO iy Can Ada sess een coe cae ec SOc emer i')  Mi es Gea ee eee May 14,1890 
ECATY ORS yp Cmts TNT Dee ee teaser ee oie ye a emer a eT SRR eT a Bee IC eh Mar. 27,1909 
\WWGTPRERITN GS LPS 3 Sissel Se Be rarer etl hae ars pg a eee nee Re ae es | YP er Deal ens Mar. 24,1904 
CHES TP NN TM GAS a eta NS) fu em pee ee HL 9 | Mar. 17} Feb. 23,1898 
SGVSH I eveyone UMMM a hays eG A ah te a Sa or aes 3 | Mar. 15 | Feb. 26,1890 
TEBE IN Keperra bX FS WL a a lr ae eah ce nel enc Jan. 10,1901 
TBeEA IASI, WU Gees Trae SE = i at a te ry ae ees a Nes ena UE eRe SI Feb. 14,1891 
PES OO Kayellll @mplira Cle pesreys meee a pepeeeicpee Rc ie 2s Asean aie yetemme wi cS apie eee i 6 | Mar. 31 | Mar. 26,1888 
(Chica OM eee ene a Ns yeoman wis. seuss 7 | Mar. 25 | Mar. 19,1886 
ROC ORd pl Meee a joa meee dao ces tee seam socees oc oe Bee mnee eee 7| Apr. 4] Mar. 19,1891 
MA benlOOMindimee ee soa eonae Hes Sues Coa asia ela cic. sapere ee ete 4| Apr. 9 | Mar. 17,1907 
OCT HO peter Se eee eee eaten ee ere nner aie uel agen 9| Apr. 2] Mar. 9,1908 
RV ALG cS ULL OABIVEAC Lime in ee tamer Smee ag gaa ( ic 6 ee ean con. <2 Nan ep ee 7 | Mar. 28} Mar. 19,1904 
OGM ETO MEAL see eee oy eee amie oe eel se epee 2 Seen SO gna ater 5 | Apr. 23 | Mar. 15,1885 
Ding TB, Ollie CASS RSE age ae ease essa soe rs patie enlarge le ERE 3 | May 3] Apr. 27,1892 
SRE KAP OW alee cce eet yee Seen iiaun au ee aoe ene 2). oo) DA Ee 6 | Mar. 28] Mar. 13,1900 
SiniaCityelowae eo Went sere sles pease Pee aa a 7 | Mar. 25 | Mar. 21,1909 
TEAS IOTP Ds WONG SSP Sls alee a a agua MS ES 5 | Mar. 30] Mar. 16,1886 
IDGIENTRT, WV SAE ee A a oe ee eet ag LR 3 | Mar. 26] Mar. 24,1894 
TLR) CRORES, WS eae ery sess a ys eens eee pael rl yA a genre ane ES 6 | Apr. 2] Mar. 25,1910 
TEvavoin, LENS! INIT te uns Gee eh ad a cena a oa Os] See yeti tel g | Apr. 1]| Mar. 16 1894 
ATES ORO op MT ei este snus 2) Cy ee ae ec ae eee 4| Apr. 18] Apr. 16,1892 
VEIT ee MO LIS SMM Era erp ne SG IIE se IS ee Se Ue Eee 5 | Apr. 19 | Apr. 15,1906 
VE CORB ari eMiri ries pa T SI ier ie ee os NN 3| May 2] May 1,1880 
AVE CLTT HA UAB ECATIS Seen pee ee ee en eu ee neta ee 2 VN ei ieap aun em a |e eetaeteel| Seeeeeemmrees Mar. 19,1897 
(QIRPEYT ED, TEER TNS) 2 A ea a RS ae OS a de a eG eee eae ae 5 | Apr. 12 | Mar. 31,1903 
DOMMACAS LDP CDRASK aye eens aty tenis envisage rt SUES ial ae 4| Apr. 3] Mar. 18,1909 
Southeastern South Dakota. sll 7 | Apr. 7 | Mar. 27,1910 
TRARY OTE, IN LENA se rt eee et ee tae ye 8 | Apr. 28] Apr. 17,1895 
SOMGOEO TPA PClleNSASkates satya oe nia y es sermon SAY HUES ese 6 | Apr. 25 | Apr. 20,1908 
(GIGE, SRR A5 ot Seem ey SHA Seas A rat acca i ST ee rae ova es et ea) Iie eee caer May 1,1893 
HOG CAVeLIMallOn eA tases rsaee ie ses eae oe ee eS 25 SPE RS Ears EP ees: May 8,1909 

i and 1911. 
HoGiSim psoneyMackenziChaey mys sce aici ere eee CP) hy a cee edna ei eau (ean aseem uate June 1,1905 
(Gulley Chins ANA GA SSS SS Ses EU OU ay Bet Nag CN Se erates te Mar. 1,1894 
Carr RG AT GRANT Zoe eu eee sean Be RR ia 1 3 3) ree te Ried | at eae eee Mar. 20,1869 
BOLO SE COLO smn sere Seer ea oe ah eee eee NR 8 SIR Na Na eel (Ep eA | Seamer sees Feb. 27,1904 
ove arid OO Saas ie uae Ree ey 2 cplent | SS Se ee ems gee) Uo ean a 3 | Mar. 21 | Mar. 10,1887 
WHEY CTATTE MV V AY Oto ee ee ioe apc Rot ea Pig elat a 2) 1.3 BL SRR SNPS I UM ccct fs NE a Apr. 12,1888 
FEU EIVCUTUT TTI oe Ch etl Os a ee A pe ig UE cerns Gee on RR 2} Apr. 26} Apr. 25,1903 
Crea METAS MT OTC ick eet MN) CEN LY ee eS ie eg a OE NO Pa OE cies I eR a Apr. 26,1892 
Qhawib hs eyed es Tay (OW TO Se UT ia cet 0 St aR NEED Oe ga A 3 | Apr. 10 | Rare, winter. 

The coot is reported to remain in northern Florida to May 2, 1908, 
average, April 30; Canaveral, Fla., April 29, 1889; Washington, 
D. C., May 2, 1904; southern Louisiana, May 18, 1898, average, 
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April 18; Bay St. Louis, Miss., May 10, 1902; and Brookville, Ind., 

May 16, 1884. 
Eggs of the coot have been reported at Newark, N. J., May 30, 

1907 Abhot): Ithaca, N. Y., May 25, 1907 (Reed and Wright): 

Kewanee, Ill., May 22, 1893 Ainehison)- Terre Haute, Ind., May 19, 

1888 (Pisichin), English Lake, Ind., May 11, 1890 (Deane): Agri- 

cultural College, Mich. , May 15, 1897 cnenan: Dunnville, Ont. 
June 1, 1884 @leCsliun: Fort Snelling, Minn., May 27, 1891 Cane 
mens in U. S. National Museum); Brownsville, Tex., May 16, 1877 
(Sennett); Decatur, Tex., May 19, 1889 (Donald); Barr Lake, Colo., 
April 27-July 21, 1907 (Rockwell); Long Lake, Man., June 5, 1894 
(Arnold); Fort Chippewyan, Alta., June 7, 1880 (MacFarlane); 
Purisima, Lower California, May 17, 1909 (Thayer); Escondido, 
Cal., April 20, 1903-July 1, 1906 (Sharp); and Fort Klamath, Oreg., 
May 13, 1878 (Merrill). 

Fall migration. 

Num- | Average 
ber of | date of | Latest date 

Place. > of the last 
years’ | the last ora 
records.| one seen. 2 Been. 

Montreal «Canadates= 2305.04 se cet acai eo otcec mee ston settee ee eke etes 3 | Oct. 18} Oct. 24,1892 
Obtawa Unt s. teese ees bh shed a eee eae oe estates tee tee eee 5 | Oct. 17] Oct. 23,1909 
SouthermiMaine ste. 262 sabes Ss celiae ae Cee hoe et ee eats She scictine 5 | Oct. 13 |-Oct. 24,1904 
IDYanala syndy IN) 4 Jel Se Se nee be noo eo secacs ae are mre yo tone AC atscag poSaAl henemome errae ts a Oct. 10,1897 
Cambridgery Mass rn dicassse cess Jetee-teteeee toe enn eter lease an Geo mene eee Dec. 20,1903 
ING WDOntMR Ieee eae oes eae Se Sees eee pores ere an seie eltetaee = 4| Nov. 7 | Dec. 20,1900 
Portland; Conne *s22c-ecise eto nt aes Sac eee eee e ee Bel sera Aes ares Ss | arises ece Nov. 14,1892 
Branch port NY. .swcssece ns Joie sc ces saet seca fase se see beeke sees ees 2 | Nov. 11 |. Nov. 22,1896 
Renovo, Bae ak ennai a) Ae date cote on sone ce 7 | Oct. 25 | Nov. 2,1894 
Washington, DAC oo, Se See Soe ee eee 9S cee rest aie een ne ane 4} Oct. 21 | Oct. -31,1899 
Winfield, Vin aera cee Nena e LNeee geen emer ans lls. 7 Pane nace Nov. 12,1907 
Raleigh, (NaC Sota d soe Ses ae os erase Reet thee | soa oa Meee ace Dec. 1,1882 
South Qu’Appelle, SESS awd Reese me et ee ee on tee enn T oo cee era a SEn ane eeeee eee Oct. 21 1907 
AWyelne eMianis= cess 222 seme esenans sees Ree aersteisaaerd Bf Ginn SASS eee apa aes See nae ee eee Oct. 15 1909 
SLOURAHAlIS ISD ales Mee Shot eet ee ele eee ee re Sem ea ie 3 | Noy. 11 | Nov. 14 1909 
ibinico ne INebiee teers eh ee ek ae Lc ee ene aad | 2| Nov. 14] Nov. 18 1900 
Omega Kans <6 ee toceiac acs Dea cioeqjasnts Mdotbanssegeoee sans adesagesseees 2} Oct. 23] Oct. 26 1899 
Minneapolis, sMilnitee 2c... ~ 208s etee accuse seen Suse Sees keene 3 | Oct. 17 | Nov. 6 1906 
Man eSHOrLO MIND = Secs senses dee Sese ie toe See eeta a sea koe eee eSpace pea Nov. 10 1892 
IMA MISONSNWHSE seman cijesscn cos naekecn see sasae See eases octet eet en se oesell SSen eel eemes alee Noy. 24 1909 
Chicago, Meh Sisko eas aeiist cca sroeeek ocean eeee tenes. tac: beta Senses 4} Oct. 17 | Nov. 6 1906 
INewaHlanmnonyselnd 232222 ano Bosse skece oo os poesece ste hehe sae sects 2] Oct. 21 | Oct. 27,1902 
Oherlinwi@ Wiese a F232 las sse ee ae eee esses Se aoe SREB Saer 2 | Oct. 15 | Nov. 26,1906 
Vicksburg, MICH. osx a ceee ease cece ce eee es Sees e ehes sec sc ee eee ee 6 | Nov. 19 | Dec. 5 1909 
HEC OM LOW Gee ns Socticis aerate fara eee me seniosa see eemee oe S sons ose 2a 5 | Nov. 12 | Dec. 21,1899 
Kansas City, IMT OB ars alate ats ate ates rie se sie ae ee eee Bee mrs rye [eee | esmescee Nov. 23,1904 
Sawtooth Lake, Idahosers.2: ssesccife Sees coseeeestetsstsceaccecee es -Sec|eeaneee | oe eet eee Oct. 2,1890 
ADOT pe MOM GS een taste cee oe ne han wai Ae e-em aa) aoa sie aisinicee eee Ree | siziceiserneer Oct. 4,1903 
MOSCA C OlOm (MEAs) et = netics cee ntttset oe Ce Re menen 5,2 ie econ oe aeyen = |leedan mel Bee eee eee Noy. 5 1907 
@hattanooray Okage srs. s8=--sesese 2 BR (ats mS IE A AeA Oe Se Ne | re ee ead eee eee Nov. 28,1904 

The first coot arrives in northern Florida, in the fall, on the aver- 
age October 20, earliest October 17, 1908; Washington, D. C., Sep- 

tember 20, earliest September 1, 1890; Erie, Pa., September 6, earliest 

September 5, 1875; Winfield, W. Va., August 20, 1907; Cambridge, 
Mass., August 16, 1895; Rodney, Miss., September 24, 1888; Jasper 
City, Mo., September 20, 1902; and Clipperton Island, southwest 
of Mexico; November 19, 1901. 
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[CARIBBEAN COOT. fulica caribaea Ridgway. 

The Caribbean coot is recorded from the Lesser Antilles on the islands of Anguilla, 

Guadeloupe, and St. John.] 

[AMERICAN FINFOOT. Heliornis fulica (Boddaert). 

The American finfoot ranges from Matto Grasso, Brazil, and Pebas, Peru, north 

through Guiana, Venezuela, Ecuador, Colombia, and Central America to the Belize 

River, British Honduras, the Coatzacoalcos River, and Buena Vista, Vera Cruz. | 

[GUATEMALAN SUN BITTERN. LHurypyga major Hartlaub. 

Ranging into northern South America, in Colombia and Ecuador, the Guatemalan 
sun bittern is rare in Central America, where it has been recorded from Panama, 

Costa Rica (both coasts), and from the mountains southeast of Coban, Guatemala. | 
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albigularis, Creciscus, 36. 

albiventris, Aramides, 25. 

Amaurolimnas concolor, 26. 

American finfoot, 47. 

americana, Fulica, 43. 

Grus, 4. 

Aramides albiventris, 25. 
axillaris, 25. 

cajanea, 25. 

plumbeicollis, 26. 

Aramus vociferus, 13. 

Ash-headed rail, 36. 

atra, Fulica, 43. 

axillaris, Aramides, 25. 

Bahama clapper rail, 22. 

Belding rail, 17. 

beldingi, Rallus, 17. 

Bittern, Guatemalan sun, 47. 

Black rail, 33. 

Brown crane, little, 7. 

cajanea, Aramides, 25. 

California clapper rail, 18. 

canadensis, Grus, 7. 

caribaea, Fulica, 47. 

caribacus, Rallus longirostris, 22. 

Caribbean clapper rail, 22. 

coot, 47. 

carolina, Porzana, 1, 2, 4, 26. 

Carolina rail. See Sora. 

Cayenne wood rail, 25. 

cinereiceps, Creciscus, 36. 

Clapper rail, 19. 

Bahama, 22. 

California, 18. 
Caribbean, 22. 

Cuban, 22. 

Florida, 20. 

Louisiana, 20. 

Wayne, 21. 

Yucatan, 22. 

concolor, Amaurolimnas, 26. 

Coot, 2, 3, 43. 
Caribbean, 47. 

European, 43. 

Corn crake, 36. 

coryi, Rallus crepitans, 22. 
Coturnicops noveboracensis, 31. 

coturniculus, Creciscus, 35. 

Crake, corn, 36. 

spotted, 26. 

Crane, little brown, 7. 

sandhill, 1, 10. 

e 

white. See Whooping crane. 

whooping, 1, 4. 

Creciscus albigularis, 36. 

cinereiceps, 36. 

coturniculus, 35. 

INDEX. 

Creciscus erilis vagans, 36. 

jamaicensis, 33. 

crepitans coryi, Rallus, 22. 

crepitans, Rallus, 19. 

saturatus, Ralius, 20. 

scotti, Rallus, 20 

waynei, Rallus, 21. 

Crex crex, 36. 

Cuban clapper rail, 22. 

king rail, 17. 

cubanus, Rallus longirosiris, 22. 

Distribution, 3. 

elegans, Rallus, 14. 

ramsdeni, Rallus, 17. 

European coot, 43. 

Eurypyga major, 47. 

exilis vagans, Creciscus, 36. 

Farallon rail, 35. 

Finfoot, American, 47. 

flaviventris, Porzana, 31. 

Florida clapper rail, 20. 

gallinule, 40. 

Fulica americana, 43. 

atra, 43. 

caribaea, 47. 

fulica, Heliornis, 47. 

galcata, Gallinula, 40. 

Gallinula galeata, 40. 

Gallinule, Florida, 40. 

purple, 37. 

goldmani, Porzana, 31. 

Grus americana, 4. 

canadensis, 7. 

mexicana, 10. 

Guatemalan sun bittern, 47. 

Heliornis fulica, 47. 

Introduction, 1. 

Tonornis martinicus, 37. 

Jamaicensis, Creciscus, 33. 

King rail, 14. 

Cuban, 17. 

Mexican, 17. 

Lawrence wood rail, 25. 

levipes, Rallus, 18. 
Light-footed rail, 18. 

Limnopardalus maculatus, 25. 

Limpkin, 13. 

Little brown crane, 7. 

longirosiris caribacus, Rallus, 22. 

cubanus, Rallus, 22. 

Louisiana clapper rail, 20. 

maculatus, Limnopardalus, 25. 

major, Eurypyga, 47. 

49 
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Mangrove wood rail, 25. 

martinicus, Ionornis, 37. 

Mexican king rail, 17. 

yellow rail, 31. 

mexicana, Grus, 10. 

Migration, 4. 

Nicaragua wood rail, 26. 

noveboracensis, Coturnicops, 31. 

obsoletus, Rallus, 18. 

pallidus, Railus, 22. 

plumbeicollis, Aramides, 26. 

Porzana carolina, 1, 2, 4, 26. 

flaviventris, 31. 

goldmani, 31. 

porzana, 26. 

rubra, 31. 

Purple gallinule, 37. 

Rail, ash-headed, 36. 

Bahama clapper, 22. 

Belding, 17. 

black, 33. 

California clapper, 18. 

Caribbean clapper, 22. 

Carolina. See Sora. 

Cayenne wood, 25. 

clapper, 19. 

Cuban clapper, 22. 

king, 17. 

Farallon, 35. 

Florida clapper, 20. 

king, 14. 

Lawrence wood, 25. 

light-footed, 18. 

Louisiana clapper, 20. 

mangrove wood, 25. 

Mexican king, 17. 

yellow, 31. 

Nicaragua wood, 26. 

red, 26. 

rufous, 31. 

spotted, 25. 

Virginia, 22. 

wandering, 36. 

Wayne clapper, 21. 

white-throated, 36. 

yellow, 31. 

yellow-bellied, 31. 

Rail, Yucatan clapper, 22. 

Rallus beldingi, 17. 

crepitans crepitans, 19. 

coryi, 22. 

saturatus, 20. 

Scotti, 20. 

waynei, 21. 

elegans, 14. 

ramsdeni, 17. 

levipes, 18. 

longirostris caribacus, 22. 

cubanus, 22. 

obsoletus, 18. 

pallidus, 22. 

tenwirosiris, 17. 

virginanus, 22. 

ramsdeni, Rallus elegans, 17. 

Red rail, 26. 

rubra, Porzana, 31. 

Rufous rail, 31. 

Sandhill crane, 1, 10. 

saturatus, Rallus crepitans, 20. 

scotti, Rallus crepitans, 20. 

Sora, 1, 2, 4, 26. 

Spotted crake, 26. 

rail, 25. 

Sun bittern, Guatemalan, 47. 

e 

tenuirostris, Rallus, 17. 

vagans, Creciscus crilis, 36. 

Virginia rail, 22. 

virginianus, Rallus, 22. 

vociferus, Aramus, 13. 

Wandering rail, 36. 

Wayne clapper rail, 21. 

waynei, Rallus crepitans, 21. 

White crane. See Whooping crane. 

White-throated rail, 36. 

Whooping crane, 1, 4. 

Wood rail, Cayenne, 25. 

Lawrence, 25. 

mangrove, 25. 

Nicaragua, 26. 

Yellow-bellied rail, 31. 

Yellow rail, 31. 

Mexican, 31. 

Yucatan clapper rail, 22. 
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YIELDS FROM THE DESTRUCTIVE DISTILLATION 
GF CERTAIN HARDWOODS.’ 

By L. F. Hawtery and R. C. Parmer, Chemists in Forest Products. 

PURPOSE OF EXPERIMENTS. 

The chief hardwoods used in this country for distillation are beech, — 
birch, and maple. Oniy mi!l and forest waste and trees unmerchant- 
able for lumber are now ordinarily used, although some material suit- 
able for lumber still finds its way to the distillation plants. Such 
southern hardwoods as the oaks, red gum, tupelo, and hickory have 
not been important in distillation, and no information has existed in 
regard to the amount of the various products which could be obtained 
from them. Nor has information been available on the relative value 
of the commonly used species, or of the different forms of material, 
such as body wood, limbs, and slabs. The investigation here de- 
scribed was undertaken in order to supply this information and to 
aid in this way the utilization of materials now wasted. 

METHOD OF INVESTIGATION. 

GENERAL PLAN. 

Since conditions of distillation influence the yield of products, 
results obtained in the laboratory could not be compared directly 
with those obtained in commercial operations. In order to have a 
direct comparison between the species commonly used and the ones 
which are not, it was therefore necessary to include both classes in the 
investigation. 

The various materials were distilled under similar conditions, and 
their products analyzed by the same methods. In order to avoid 
errors due to differences in yields from different trees of the same 
species, in most cases an average sample of material from two or 

Note.—Gives results of experiments in destructive distillation of hardwoods. Of interest to manufac- 

turers of by-products. 

1 The investigation the results of which are given in this bulletin were conducted at the Forest Prod? 

ucts Laboratory, Madison, Wis., maintained in cooperation with the University of Wisconsin. 
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three trees was distilled. Further, the average yields from the heart- 
wood! of several trees were in a few instances compared with the 
yields from lumber of the same species. Differences in yields may 
also occur in trees of the same species grown in different localities, 
and for this reason the results obtained are averaged separately when 
more than one locality is represented. At least two distillations 
were made of each kind or form of material tested. 

Different forms of wood—such as body wood (wood free from bark), 
slabs, limbs, ete.—were distilled, but the proportion of each used in 
commercial practice varies with different plants and localities, so that 
it is not possible to assume a proportion representing average con- 
ditions. For this reason the yields from different forms of wood of 
the same species are presented separately. The corresponding yield 
per given weight of wood, made up of any proportion of the various 
forms, can readily be calculated. However, as a basis of comparison 
between the species, the average yields from all heartwood runs (in- 
cluding lumber) are taken arbitrarily as the species value. The mean 
of the heartwood and slab-wood yields is also given wherever both 
forms were distilled. 

THE RETORT. 

Figure 1 shows the construction of the retort in which the distilla- 
tions were made. The retort proper A was surrounded by the oil 
jacket B, which was filled with a high-flash-test cylinder oil. The 
outlet pipe C connected the retort with an ordinary worm condenser 
(not shown). The pyrometer tubes, 1, 2, 3,4, and 5, made it possible 

to measure the temperature at various places within the retort. The 
retort was mounted on an iron stand, was insulated on all sides, and 

heated by a row of gas burners underneath. The flames from the 
burners played chiefly up one side of the cylinder and induced a fairly 
good circulation of the hot oil around the retort. 

PREPARATION OF MATERIAL. 

The forms of material used varied to some extent with different 
species, but most of them consisted of round bolts. These were sawed 
into slabs and heartwood in about the same proportion as would occur 
in ordinary sawmill practice, and the percentage of bark on the slabs 
was roughly determined. Sticks were prepared from 6 to 8 square 
inches in cross section and a trifle less than 18 incheslong. Just before 
each charge of wood was weighed, six 1-inch sections, each cut from 
a different stick and in each case from a different part of the stick, 
were taken for moisture determinations. 

In the comparative distillations on bark and sapwood the material 
was taken from the same bolts. When lbmbs were used they were 

1 The term “ heartwood”’ as used in this paper appiies to the material left after the slabs have been removed 

from a bolt or log. It was in all cases entirely free from bark, but small amounts of sapwood sometimes 

remained. Lumber is considered as made from heartwood as thus defined. 
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taken from the same trees as the body wood. In the case of factory 
waste or lumber there was, of course, no record of the trees from which 

the material came. 

TEMPERATURES OF DISTILLATION. 

Tt was found that the temperatures in pyrometer tubes 1, 2,3, and 
4, which are all near the surface of the retort, were always within 

15° to 20° of each other, and usually within 10° during the last part 
of the distillation. Tube 1 was the hottest and tube 5 the coolest. 
Tt was, therefore, considered unnecessary to take temperature read- 
ings in tubes 2, 3, and 4, and the records contain the readings from 
tubes 1 and 5 only. 

The maximum temperatures obtained in the various distillations 
ranged from 327° C. to 415° C., and the maximum temperatures near 
the surface and at the center of the retort often differed as much as 
60° C. in the same distillation. These differences, however, did not 
appreciably affect the yields of alcohol and acetic acid, since in some 
instances higher temperatures gave higher yields, and i others lower. 
It is also found that the charcoal from low-temperature distillations, 
when redistilled in small samples at temperatures above 400° C., 
produced only smali amounts of acetic acid (equivalent to an mcerease 
of 2 per cent of the original yield of acid). It was considered, there- 

fore, that the distillations were practically complete, as to alcohol 
and acetic acid, provided all parts of the charge had been subjected 
to a temperature of at least 320° C.t 

In most of the distillations, on account of the exothermic character 
of the reaction, the temperature at the center of the retort finally 
became higher than that at the surface. It was the heat developed 
during the exothermic reaction which made it difficult to obtain the 
same maximum temperatures in all distillations; after the reaction 
was well started at the surface its progress toward the center was 
spontaneous and the maximum temperature could not be fully 
controlled. 

The maximum temperature was usually kept below 260° C. until 
the water was nearly all expelled from the wocd and the temperature 
at the center had risen to about 190° C., when it was allowed to rise 
more rapidly. Only in this way could the temperatures at different 
points in the retort be kept near one another. By this means also 
the possible effect of variation In moisture content was minimized, 
since the slow preliminary heating resulted in a partial drying of the 
wood, and the different charges had therefore nearly the same mois- 
ture content at the time the destructive distillation began. 

1 See Klason, von Heidenstam and Norlin, Arkiv for Kemi Min. och Geol. 1908, ITI, 9. 
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TaBLE 1.—Sample daia sheet. 

Shipment No. 197. Project No. 152. 
’ + Sample Nos. 21 and 22. Run No. 97. 

January 14, 1913. Birch slab wood. 
Actual weight of charge 69.86 pounds. 10 per cent to 14 per cent bark. 

Dry weight of charge 63.10 pounds. 

| 

Temperature. 

Total 
Time. ; distil- | Remarks. 

Tube Tube late. || 
No. 1. No. 5. 

January 13. o”. oC. ieee 

USM) 19, Wile os-s558 cneepeuadecese saSoaeRloseaEEes s- PAO) Vespa, eataaes Retort charged; gas on one-half. 

| 
January 14. | | 

90) 2), jad Ao ouoseeebeoeedcosSoerlbecE 234 180 3,200 | Gas on full. 
iD De Wl Geceeeccidocussesuanee ape SEnEe 280 220 4, 200 
O50) Qo ses ese seseeaeensecousaaee 303 246 5, 700 
UO ahs WS Shes hae eRe oo coeee ces 312 263 6, 700 
TNT as Tals ee ee eee ee en eas 317 278 7, 700 
IN-OF) 2.10. Asse soad ss espe s er eneoenaeme 322 291 8, 700 
1iLBY/ Qp Wil. cos GesebasoeaaoqeaceosseeEe 329 305 9, 700 
TSB ANS ial hs ear eee PSs ea 336 318 10,700 | Gas off. 
THAN Gh, 700) a Soe AUB Se eee ao ooooceeEee 342 325 11, 700 
TS Gl, Toe) esas eGR o oko Seas ee Bee 342 351 12, 700 
IDG, Wl, ~caoes cobos ene uooEEco os eudeED 344 370 13, 200 
WOWG Op 1s oodseussoSoueHee sss coup Eee 341 378 13, 500 
TAA) 3 cae) ii COB ee ORE aeS Coen Be aoe 339 STASI Weare a Maximum temperature. 
TWAS G5 Tle oA cue de seen Wee oreaease 337 S1OK| same 
L510) @p\I60l so SoegadcoesacauporeEaesooos 282 284 14, 000 

January 15. 

§\@\, 100) oe Oboes Sa BER BOSFE Ee SpOoaGos Seneneeooc 50 14, 200 

Total distillate=32.83 pounds. 

COLLECTION AND ANALYSIS OF PRODUCTS. 

A typical data sheet is shown in Table 1. The time and tempera- 
tures were read as every liter or half liter of distillate was collected. 
In a few distillations separate titrations for acetic acid were made 
on the first several fractions of one-half liter or one liter each, but in 
general all the distillate was mixed for analysis.'. The distillate was 
allowed to settle for at least 24 hours. At the end of that time the tar 
and pyroligneous acid were separated by decantation, and the vol- 
ume and weight of each determined. The charcoal was allowed to 
cool in the retort over night, and was weighed after separaticn from 
the “tar coke.” Tar coke refers to the material occurring in the 
retort that was clearly a residue from the distillation of tar. This 
was weighed separately. The gas was computed by difference, and 
no determination of its composition was made. 

PYROLIGNEOUS ACID. 

The pyroligneous acid was analyzed by the methods described by 
Klar? for the determination of acetic acid, wood alcohol, and dis- 

1 The acetic acid in that part of the distillate (consisting usually of water) which came over before true 

destructive distillation began amounted to from 8 to 10 per cent of the total acetic acid; the alcohol in the 

same part amounted to about 1 per cent of the total alcohol. The volatile acids obtained at temperatures 
below the point at which the wood begins to distill destructively, say 280° C., must have an origin difv:- 

ent from that of the acid obtained during the destructive distillation. It is probably formed by action of 

the water on the wood fiber at high temperatures similarly to the acid obtained by hydrolysis as re; 

by Cross (Dissertation, GOttingen, 1910). 

2 Technologie der Holzverkohlung, p. 337. 
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solved tar. For the acetic-acid and dissolved-tar determinations 
100 c. c. of pyroligneous acid were distilled at a maximum tempera- 
ture of 140° C. until practically no further distillate appeared, when 
50 c. c. of water were added and distilled off as before. The residue 
in the flask was weighed and computed as dissolved tar, while for the 
acetic-acid determination an aliquot part of the distillate was ti- 
trated with normal scdium hydroxide solution, with jeetste) pines 
as indicator. 

The wood alcohol was determined by distilling 60 per cent from a 
1-liter sample of the pyroligneous acid and adding an excess of sodium 
hydroxide to the Recor, again distilling 60 per cent, and after 
again adding sodium hydroxide, making a third distillation of 60 per 
cent. The final distillate was accurately weighed, and the specific 
gravity determined by means of a Westphal balance at room tempera- 
ture and corrected to 15° C. by using the tables of Dittmar and 
Fawsitt.! In correcting the specific gravity for temperature it is 
necessary to consider both the concentration of alcohol and the range 
of temperature. 

TAR. 

The amount of acetic acid in the settled tar was determined, after 

Klar, by distilling 100 grams of the tar at 130° to 140° until the 
watery distillate ceased, then passing steam through the residue until 
no more acid was found in the distillate, the latter being then titrated, 
as in the pyroligneous-acid analysis, and added to that found in the 
pyroligneous acid. 

COMPUTATION OF RESULTS. 

All the yields of products were first computed to a percentage of 
the dry weight of the material distilled, since only on this basis are 
the results directly comparable, the effect of varying percentages of 
moisture in air-dry wood and of differences due to weight per unit 
volume being eliminated. But because the unit of measurement for 
wood is the cord, and the capacity of a plant is natur ally expressed in 
this unit, a comparison between the various species is made also on 
the cord basis. A cord was assumed to contain 90 cubic feet of actual 
wood, and its weight was derived from the average weight per cubic 
foot of air-dry wood of different species as given by Snow.? 

The actual volume of a cord differs, of course, for different forms 

of material, due to variation in diameter and shape among the indi- 
vidual pieces. Also, differences in density exist between wood from 
different parts of the tree and between wood and bark; hence between 
forms of material containing different proportions of wal and bark. 
For these reasons it was impossible to estimate closely the weight 
per cord of the several forms as compared with each other, and the 

1'Trans. Roy. Soc. Edin., vol. 33. Quoted in Smithsonian Physica! Tables. 

2 The Principal Species of Wood, by C. H. Snow. 
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weight is therefore assumed to be the same for all forms, and the 
yields per cord computed on this basis. 

For comparison with commercial conditions it is better also to 
express the yields per cord in terms of commercial products, and so 
they are computed as 82 per cent crude wood alcohol and 80 per cent 
gray acetate of hme. 

YIELDS ON PERCENTAGE WEIGHT BASIS. 

ALCOHOL AND ACETIC ACID. 

VARIATION AMONG SPECIES. 

The average yields of total acetic acid and wood alcohol, expressed 
in percentages of the oven-dry weight of the material distilled, are 
shown in Table 2. 

TaBLeE 2.— Yields of alcohol and acetic acid in percentages of oven-dry weight of material 
distilled. 

YIELD OF WOOD ALCOHOL (100 PER CENT). 

Mean Aver- 

= ey | aa heart- hoe 
. an eart- a um- | wood 

Species. Locality. pee ritele cen neal omatal bee Other forms. 

slab h 
wood. Can 

wood. 

IP aha: Nid 2G Fea | IER eR Ch anes Pe oe 
(Barks ee 1.2! 

Beecher. sees one SEs mdianayes cece ae 1.95 1.79 2.04 | 1.87 1.99 \Sapwood..., 1.97 

LDS Si ea et rare nares Pennsylvania...| 2.23 22098 asses QML Gals isy Sect 
IBC aE a a el ee See ee Wisconsin,.....- 1.45 1.55 1.67 1. 50 1. 54 

DORs eee os ss bees: Pennsylvania.../ 1.62 SLES Oi le sxe nae ILS Ohl oaeane 
IMaplopeerer nic =o anes sats Wisconsin,......} 1.94 1.91 1598 oh 93: 1.76 | Barketeee:: 1.88 

IDO. 6 CS oes eee sees Pennsylvania...| 1.94 L783 Seesceee 116 Wk Bepesase 
RVediomer asso os. e3/- 5 Missouri.......- 1.76 BYR ees tee 115./(as<ral Pree ees 
Ches tmp saat accel New Jersey... .- -90 BY all ese othe eee as 2 Limbs....- 96 
EM CKORY Res. eso sceee Iimdianaysae se: ot | Sameer eee es 208M ees sees | 2. 08 
Wihitelodkeseeeasse ees scales se GO posaasaess 1.34 1.33 ssi 1.33 1.43 

IDO) 35 dance Se eea eens Arkansas,....--- 1.33 P46 a| ee eee 1B BO) alemasecers 
Mupeloppee sees sees acess Missouri........! 1.56 TER G il Beer ae Ll SG Ww | cee 2 Limbs.... 11.64 

YIELD OF ACETIC ACID (100 PER CENT). 

- - iBarkses fen 2.98 Beachy ere ctu! Indiana.......-- 5.56| 6.18| 5.78 | 5.87 5.65 \Seowondes: pee 
IDX0) 5 eager ee eee Pennsylvania...| 5.77 DAUR Raine Bo ROO is] teaveeates 

IBA a aG ee sk mia tee res Wisconsin......- 6.71 6.88 6.62 | 6.80 6. 68 
DOR ise el Pennsylvania...} 6.19 GOR Ree Sues OSL Siti ee ase 

Maplere ee. Suse eee ane Wisconsin.....-.| 5.42 Gyatal 5.58 | 5.24 5.149) Barks sees 3.15 
1X6) 5 RGN 2 I Pennsylvania...| 5.66 Oud eee ae DHOOM es aeeee 

TRO fet ATR SLA aS Ue et Missouri....-.-- 5.70 6823) ees ae OE AGr ilies 
Whesimuit, 2 )4as eee eee New Jersey...-. Hn GY E40) 5326 |ee ee ues SVG men caeee Limbs..... 6. 42 
Elickonyeo: ) eeehamey (4 Indiana........- | alae eae R's || fs eee 5.05 
Wahi teroalk= ./) SaaS ae Oe ae 4.97 4.77 4. 84 4.87 4.78 

DD) OM: See one | Arkansas.....-- 4.23 45359222 2/am CAS ba ea 
PR pelo mas. 52 see ee Se Missouri.......-. | 4.49 5; 195\5- 22558 81 O)3"s| pane Limbs...-. 15.64 

1 Heartwood not included in average, since only one distillation was made on this material. 

The yields of alcohol and acetic acid vary a great deal among the 
different species, more so for alcohol than for acetic acid. A given 
species may rank high in its yield of alcohol but low in its yield of 
acid. Thus chestnut, which gives the lowest yield of alcohol, is 
among the highest in yield of acid; and hickory, which is among 
the highest in alcohol yield, is among the lowest in acid yield. 
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The average yield from the beech, birch, and mapie wood from 

Wisconsin and Indiana is somewhat higher for acid and considerably 
lower for alcohol than for the same species in Pennsylvania. This 
difference, when figured to commercial products—namely, 82 per 
cent alcohol and 80 per cent acetate of lime—amounts to about 10 
per cent of the alcohol and 14 per cent of the acetate of lime (see 
Table 4). The greatest differences are in the alcohol yield from 
beech and in the acid yield from birch. In the case of maple, the 
yields of both acid and alcohol are slightly higher from the Pennsyl- 
vania than from the Wisconsin wood. © In contrast to these variances 
in absolute yield, the relative yield of the three species in either 
product does not change with the locality. The order of yield for 
alcohol is beech, maple, birch; for acid, bireh, beech, maple. In the 

case of oak, the largest difference lies in the acid yield, the material 
from the more southern locality giving the lower yield. The yield 
of alcohol from wood cut in different States is very nearly the same, 
but if the runs on lumber are included the average is shghtly higher 
for material from the northern localities. 

VARIATION DUE TO FORM OF MATERIAL. 

Although slabs with much bark are usually considered very poor 
material for distillation, the yields of alcohoi and acetic acid from 
slabs having as high as 13 to 25 per cent bark by volume are in most 
cases only slightly lower, and in some cases even higher, than from 
heartwood. Distillation of beech bark showed that the higher yields 
of acid from beech slabs were not due to the bark, but to the very 
high yields of the sapwood (slabs without bark). These offset the 
low bark yields sufficiently to account for the fact that slabs with 
13 per cent bark yielded more acid than the heartwood without bark. 
The same or higher yield of acid from the slabs of birch and tupelo 
and from the limbs of chestnut and tupelo is probably due to the same 
cause. The yields of alcohol from the sapwood of beech were prac- 
ically the same as from the heartwood, and since the bark yields 
considerably tess alechol, the slabs with 13 per cent bark yielded less 
than the heartwood. Maple bark yielded very nearly as much alcohol 
as the heartwood, which accounts for the relatively high yields from 
the slabs. 

CHARCOAL, TAR, AND GAS. 

The yields of charcoal, tar, and gas are not included in Tabie 2, 
since they are influenced very much by the maximum temperatures of 
distillation and therefore are not comparable to the same extent as 
the alcohol and acetic-acid yields. Besides, these products are of 
indefinite composition, which further prevents comparison. There 
are some points of interest, however, in the relations between the yields 
of these products, and in Table 3 the average yields of alcohol, tar, 
and charcoal are shown, the species being arranged in order of the 
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yields of alcohol.! The total tar yields follow almost the same order 
as the alcohol yields. The yields of charcoal, on the other hand, tend 
to follow the reverse order, but with more exceptions. The lowest 
yield of charcoal and the highest yields of alcohol and of tar are 
obtained from one species—hickory; while the highest yield of charcoal 
and the lowest yields of alcohol and of tar are also obtained from one 
species—chestnut. 

TABLE 3.—Average yields of alcohol, total tar, and charcoal from the heartwood of various 
species, in percentages of dry weight cf material distilled. 

{ , 

Species. Alcohol. | Total tar.| Charcoal. Species. Alcohol. | Total tar.| Charcoal. 

Per cent. | Per cent. | Per cent. Per cent. | Per cent. | Per cent. 
BU ony HGeaacanee 2. 08 13.0 eile || LitpelOn. — «os aie 1.56 10.6 44,1 
Beeches yak Tah.) 2.08 9.4 AOR SINC Des. a. ae aes 1.53 12.0 | 40.6 
Maplesiine 2 secs ci). 1.94 12.8 | AON gO a kes es ae 1.34 7.8 45. 7 
Red Feu sese en 1. 76 11.7 | 38.6 || Chestnut.........-- . 90 4.6 47.6 

YIELDS PER CORD. 

ALCOHOL AND ACETATE. 

COMPARISON OF YIELDS. 

Table 4 shows the same results as Table 2, but expressed in different 
units—the raw material in terms of gallons of 82 per cent wood alcohol 
and pounds of 80 per cent acetate of lime. 

The yields from the various species on a cord basis are quite different 
from the yields on a unit weight basis; the heavier woods, such as 
hickory and oak, are advanced in relative position, and the lighter 
woods, such as chestnut and red gum, are reduced. 

The average yield of alcohol from Indiana beech and Wisconsin 
birch and maple is 10.9 gallons per cord; the yield from these species 
from Pennsylvania is 11.51 gallons per cord. These figures represent 
the average yields obtained at commercial plants in these localities. 
The average yield of acetate of lime from these two groups of woods, 
319 pounds and 315 pounds per cord, respectively, is about 50 per 
cent higher than the average commercial yields. The yield from 
white oak from Arkansas of 9.2 gallons alcohol is very close to that 
being obtained in one commercial plant, and the acetate yield of 262 
pounds per cord is, as in the case of the standard species, about 50 
per cent higher than the commercial yield. The only ways in which 
the experimental distillations differed from commercial conditions 
were the low maximum temperatures and the short distance from the 
center of the charge to the heated surface of the retort. It is possible 
that these two conditions, resulting in a slow and well-controlled 
distillation, are sufficient to account for the higher yields. 

1 These averages do not include the yields from ‘“‘lumber,’’ since this material was usually very dry 

resulting in maximum temperatures much higher than the normal, giving yields of tar and charcoal not 

comparable with the rest of the runs. 

2 A corresponding difference between the Lake States and the Eastern States is also obtained commer- 

cially in the acetate yields, but this difference is not shown in the laboratory yields. It must be remem- 

bered , however, that these figures represent the average from equal proportions of the three standard species, 

while in actual practice one species may predominate. 
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In Table 5 are given the relative yields from the different forms 
and species, taking the average of the heartwood and lumber runs 

pes oniale Vel | Saat ee ese a eae 

enn LET 6 eeCeaeo ee aC J 

et ee eee WALUDOMLMUAUUY 

HEARTWOOD = -.- ee 

CLA 

VAAL PELO = — = 81.6 WIA LLL 

ZA MAPLE-WIS = 89.1 WALLA 

ZAZA BIRCH- PENN = 98.5 V/V/V LLL 

<LIMBS> 

oO 10 20 30 40 50 60 70 80 90 100 110 120 
: PERCENTAGE 

Fig. 2.—Relative yields of acetate oflime per cord. (Average yield from heartwood 

and lumber of beech, birch, and maple from Wisconsin=100 per cent.) 

on beech, birch, and maple from Wisconsin as the standard (100 per 
cent). The same values are shown graphically in figures 2 and 3 for 
acetate and alcohol, respectively. 
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Fig. 3.—Relative yields of wood alcohol per cord of wood. : (Average yield from heartwood and lum- 

ber of beech, birch, and maple from Wisconsin=100 per cent.) 
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TasieE 4.— Yields of commercial alcohol and acetate from various species per cord of wood. 

YIELD OF WOOD ALCOHOL (82 PER CENT). 

i) 

Mean | Aver- 
heart- age 

Species. Locality. shi baa a we Se Other forms. 

slab heart- 
wood. | wood 

Gals. | Gals. | Gals. | Gals. | Gals. Gals. 
Beech..... See eae ere Indiana.........- |, 13 10.9 |'- 12.2 11.4 12.05 | Sapwood... 11.9 

DOr. eee eee Pennsylvania...| 13.5 12:63 13:15) |/eee eee 
BEd y le koeeeie aes, reeks aed as Wisconsin....... 8.3 8.9 9.6 8.6 8.9 

Ons Sean ee eee Pennsylvania...) 9.3 OF 13) Same tS Fe ic | se 
a2Y elk ie ioe eee Rene a Wisconsin....... 11.8 1956) 9. 87 iy 10.9 

T) Oe enc hoe ee age Pennsylvania...) 11.85 LORS 2 eee oe 48 Ps en (eee a 
IBY leg phases Seema eS MiASSOUTI Se esa-.5 9. 4 G52 sf aos O53 5) aes 
Chestnut... 2: 35-3 New Jersey...... Be i Be Gale es 32050 |: ee eee Dimbsezeee. By) 
TICK OR yee ot ye ee eee ETO Na) Bee ee ee cele soos Ai) 13) el (ee On omen 
Webitooakss 23: 85-2 See slewe ae do: :..2e2see== 9.2 9.2} 10.4 9.2 9.9 

TD OF ee ee te wave ‘Arkansas-c2. . 3.2 9.2 10g eee OS G5: | Seems 
i pelopeeecsaccceccesacce Missouri........- 18.75 104g eee Oe) ta eeeeee Gimbsaees- 9. 2 

1 Single unchecked determination. 

YIELD OF ACETATE OF LIME (80 PER CENT). 

Mean | Aver- Weight 
a | Spall ©. heart- age per core! 

: wer Heart-| Sla um- | wood |lumbez \. i 
Species. Locality. wood. | wood. | ber. | and | and Other forms. | per cent 

slab | heart- moist- 
wood. | wood ure) 

| | 

Lbs. Lbs. Lbs. Lbs. Lbs: Lbs. 
Beech. <.22fc2e" Indiana. .; 2.2 - 301 335 313 318 307 | Sapwood... 3, 785 

i) eece ee Pennsylvania... 313 BBE a eee B20 ese enh | saw e oeeetemaee 3, 785 
Birchecso eee Wisconsin....... 346 355 341 350 3430 )l een 3, 600 

Dos. eee Pennsylvania... 319 Ble 2S a SLOW bees 2 5|-aosten ee ooo eee 3, 600 
Maples 2s2see. | Wisconsin..._.-.| 301 284 310 293 B05»|2 eek eae etess 3,875 

WOE ace eeeee Pennsylvania. -.| 314 3020 Se meee BOB TA o2|_ oscars a eeeeereee 3, 875 
Red gum...__.. Missouri.........| 269 VEU sles aes 2 8e | isiciess.0 | aaa teaaeeenies 3,300 
Chestnut.......| New Jersey... .. 198 TOO Ee ecete 2 104A eee impS2 see 232 2,520 
Hickory.......- Trdiam ae... lao eles oe 3327 | ee ee Boz! | 2 eh enh ones 4,590 
White oak.....|..... C0 seen. 308 295 300 301 B05)! Scc tees o ae cee 4,320 

1) iets eee Arkansas........ 262 PANG) | erate oe OOo a eee | oceans ae eee 4,320 
ebupeloise seas: Missouri......... 226 2601| Sees AGS Bee caer Pimps. < 222 283 3,510 

1 The weights per cord are derived as explained on p. 6. 

TaBLe 5.—Ielative yields of commercial alcohol and acetate per cord of wood of various 
species. 

[Average yields 2 from heartwood and lumber cf beech, birch, and maple from Wisconsin equals 100 per 
cent.] 

Yield of acetate of lime Yield of wood alcohol 
(80 per cent). (82 per cent). 

Species. | Locality. 

| Heart-| Slab Heart-| Slab 
wood. | wood. | Other forms. | yooq. | wood. | Other forms. 

| 

Gals. | Gals. Gais. | Gals. | Gals. Gals. 
Beech. c22 see Indiana. <2.2-.:. 94.6 | 1035.0 | Sapwood. 113.1 108.2] 100.0 | Sapwood 109.1 

DOnzate ee: Pennsylvania... 5 124.0 | 115.6 
Jevigel ae epme Wisconsin.....- 76.2 81.6 

DOn2i2222 ae Pennsylvania... 85. 4 83.5 
Maples. s.<..25s08 WVASCOMSIneS: 2 o. 108.2 | 106.5 

DOsoce. nee Pennsylvania. .. 108. 8 98. 2 
Red gum......... Missouri... ..... 86. 2 84.5 
Chestnut. =. -=.22 New Jersey-.-.- 33.9 3.0] Limbs... 35.8 
UCKOnycteee os. <4 Indiana......... 140: oe tea2 
Wihiteoak.<.-.. 5). 2225 do7.... 84.5 84.5 

1) ae 5. Arkansas........ 84.5 92.7 
TUPSlOs. fos als Missouni.2...!.: 80.3 95.5 | Limbs.. 84.4 

1 The weights per cord are derived as explained on p. 6. 
2 Acetate of lime, 80 per cent, 319 pounds; alcohol, 82 per cent, 10.9 gallons. 
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COMPARISON OF VALUES. 

-The combined value of commercial alcohol and acetate of lime 
from the various forms of material per cord of wood of the various 
species is given in Table 6, which 1s computed from the yields given 
in Table 4. These values are according to the prevailing prices for 
1911-13. 

In judging the value of the different forms and species for dis- 
tillation, the yields under commercial conditions must be consid- 
ered, and therefore the value of the acetate per cord of wood of 
different species is computed on a basis of two-thirds of the yields 
shown. The value of the alcohol is based on the experimental 
yields, since these are at most only slightly higher than average 
commercial yields. Tar and gas are not included in the computa- 
tion of the value of products, because they are relatively unimpor- 
tant and are commonly used as fuel at the plant, Charcoal is one 
of the valuable commercial products, but is not included because 
there are no definite data from which the values night be computed. 
The charcoal produced by the experimental method has not been 
subjected to temperatures as high as in commercial practice, and 
therefore contains more volatile matter. Although the relation be- 
tween the yields obtained from different species in the experiments 
might be the same as between those obtained by commercial meth- 
ods, there is no information on the quelity of the charcoal from 
different species. Also, charcoal is usually sold by volume, and since 
no data are available on the weight per bushel for that produced 
from different species, the yields can not be computed to commer- 
cial units. 

Tas Le 6.— Values of commercial alcohol and acetate per cord of wood of various species.* 

Values of wood alcohol and acetate of lime during period 1911-13.2 

| | Mean Aver- | sient 
Species. Locality. | ie es a Heart age conde 

| Heart- a um- | woo Pes Lum Dera eo 2. 
wood. | wood. ber. and Other forms. and (15 a 

slab heart- aa i 
wood wood ae 3) 

; Pounds. 
IB eechwann = esas ein Giamateaee ss | $8.08] $8.41] $8.38] $8.26 | Sapwood,$9.10_.| $8.23 3, 785 

IDO. Seeeeeene Pennsylvania. - . 8. 72 OSSOn ea ees teal | - see esate || Meet 3, 785 
LR Ne BAe ese Wisconsin. ...._. 7.92 8. 22 8.17 Be: O 77 |e Basen Ore 8. 04 3, 600 

IDO) seeeeesas Pennsylvania. -- 7.7 (EEo4 See Coat ||: en Ses I 3, 600 
14s [eyo a pa eet Wisconsin....... 8. 08 7. 74 1.12 LSS | = aa eae he 7.90 3, 875 

IDO ea em ee Pennsylvania. . - 8.31 75 OAs BE OG apis ie SCs a TN. LO a 3, 875 
Redvgums. je Missouri........ 6. 92 GO| eet pes G27 PRM i cee SSE 1 RR 3,300 
Cirestnutae: | 72252 New Jersey--...| 4.28 ATT Mies 4.19) |Wimibs, $4:89)2= - 3). 2 285% 2,520 
iickonyees-. 22222 ihr Gi aim a eee |i Ses QS BL Bie P| Pe ik, Salar 9.51 4,590 
ORNs. 555 oes eee donee: 7. 52 7.30 7. 70 (Gail. Pate apse oe 7. 61 4,320 
DORs 2 Arkansas...-.-.. 6. 76 (003 ae GROQ nesses Hy RRBs la aae ae 4,320 

Mupeloseemase.* 5 Missouri.-.......] 46.04 Uo OB RS SR ae 62590 | Pbimbs) $70 -\os eee 3,510 

1The market price of cruae alcohol is fairly stable, but acetate of lime fluctuates considerably from 
time to time. For this reason the relative value of the different species, from the standpoint of value of 
products, may vary from the calculations indicated. 

2 The weights per cord are derived as explained on p, —. 
3 At 26 cents per gallon for alcohol and $2.50 per hundredweight for acetate of lime. The acetate is com- 

puted from two-thirds the yields given in Table 4. 
4 One determination only. 
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TaBLe 7.—Relative values of commercial alcohol and acetate per cord of wood of various 
species.! 

[Average value of yields from heartwood and lumber of beech, birch, and maple from Wisconsin ($8.06) 
equals 100 per cent. J 

Heart. | Mean 
Species. Locality. Heart- Slabs. wood wood |Sapwood.} Limbs. wood. and rl 

lumber. shins 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Beech eae=..32 see soee Tinatobishat: eye fe ee 100. 2 104.2 102.1 102.5 JAB IOM aces 

DD OM ea ea ree Pennsylvania..... 108.1 OS 20h aie eae we: 109. 23 os Sc aoe Ses eye eee 
Jet aleerss Sear eNp ye a Wisconsin......... 98.4 102.0 97.7 LOO. ae ese cose (ae ee 

DD Oc aeae ae Pennsylvania... . 96.0 Ord) lpse soe ee O52 8: eases te | eeeeee eee 
Maplerscise: 22. aces Wisconsin. 2: .:2 100.2 96.0 95.8 OSs | ai som errs | eee ee 

TD ON er eee eee Pennsylvania..... 103.0 OVO S aci2 Sis «siete 100.:08 |: 2823.56 sele eee eee 
Red gum..... eer Missouri...2.:..-.- 86.0 SOUTH cee omer 83.13 i [ee ee es ee ee 
Chestiitt.2 3.554.226 New Jersey...-...- 53.2 OlniOi eee 2 eer ‘52 eet | eee eee 60.7 
RELIC OYayiaere cere ae TGA os leet etree sere ene se WYS90) Wane oc taccl ce ore ecrel aeeeeeeyee 
White oak. 222522402. 2leess doe. Jc. eee 93.3 90.7 94.5 OD Oi oak ce Seen ete 

Diossass= eae eee Arkansas. .-2 s222-- 83.9 S810 lees 8559525 eee ee ee 
Tpelones eae ee IMISSOUTI2s2eee eee 75.0 Sia) eee acoso BI Bh ceeosee ace 88.1 

1 The weights per cord are derived as explained on p. 6. 

Assuming that the value of the charcoal and the cost of plant 
operation per cord of wood is the same for all species, the differences 
in the value of the alcohol and acetate produced by the various woods 
represent the differences in the value of these woods for distillation 
purposes... The average value of the alcohol and acetate yields 
from Indiana beech and Wisconsin birch and maple heartwood 1s 
$8.06 per cord. The values of these products from the heartwood 
of chestnut, red gum, tupelo (slabs), and southern and northern oak, 

are less than this amount by $3.78, $1.14, $1.03, $1.30, and $0.54, 

respectively; from hickory (factory waste) the products are $1.55 
greater in value. The average price paid is only about $3.50 per cord, 
and consequently the use of chestnut for this purpose is out of the 
question. Oak, tupelo, and red gum, under favorable conditions 

of supply and cost, might be used profitably, while hickory should 
command a very good price for this purpose. Since these deductions 
are based on the value of the chemical products they apply less 
strongly in case of plants making only a partial recovery of these 
products. 

The value of alcohol and acetate from the different forms and 
species as given in Table 6 are compared in Table 7 by means of a 
standard value. This value is $8.06, being the average value of 
beech (from Indiana), birch, and maple heartwood (from Wisconsin). 

This standard is taken as 100 per cent and the other values are ranked 
accordingly. 

1 The assumption in regard to the cost of operation will undoubtedly hold so far as the destructive 

distillation of the wood is concerned. However, the cost of the refining operations is approximately 

proportionate to the amount of crude pyroligneous acid produced; although this is variable, it bears some 

relation to the yield of refined producis. The large amount of crude pyroligneous acid per cord of hickory 

would tend to increase the refining cost per cord of wood; likewise the low yields of crude pyroligneous 

acid from chestnut, tupelo, and red gum would tend to lower the cost of these woods. Therefore, the 

assumption made is not entirely correct, but the differences are not great enough to affect seriously the 

conclusions. 
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The value of the two products (alcohol and acetate) from hickory 

is 18 per cent greater than the standard chosen for the comparison. 
Of the other species, oak from Indiana is the only one which falls 
above 90 per cent; with all the others, except chestnut, the average 
yield from heartwood and slab wood is above 80 per cent. 

Of equal interest to these relative values based upon species are 
the relative values of the different forms of wood from the same 
species. These relations are shown in Table 8, in which the value 
of heartwood in each case is taken as 100 per cent. A number of 
species show a higher value for slabs than for heartwood. The slabs 
of Indiana beech, Wisconsin birch, Pennsylvania beech, and Arkansas 

oak are from 2 to 5 per cent higher that the heartwood, while the 
limbs of the two species tested, chestnut and tupelo, are about 15 
per cent higher than heartwood. ‘These results are based upon 
equal weights of the several forms of material compared. 

TasLeE 8.—Relative values of commercial alcohol and acetate from equal weights of various 
forms of material. 

[Heartwood=100 per cent.] 

Species. Locality. Heartwood.| Slab wood. | Sapwood. | Limbs. 

Per cent. Per cent. Per cent. | Per cent. 
IBeCCH Bee ree ss ee een ee nieone MNGi an deen eae eee 100 104.0 PAG leas tase 

IDO sa bacdon de BaeeeenEeee Pennsylvania......-...--- | 100 O20: | axe. Unie ee ya 
IB 55 odo Sane ce sUaEeeaees Wisconsin 22/22 es 100 TOSESS Sau ee [hn bees ks 

DD) Oe ote Sulcissenacinis Pennsylvania...........-- 100 (Boe ah acs ee ns |S OR 
WOO ae Saas see eae eee eare IWAISCONSIN aye eee ae 100 OO NS) || ele evaaet ae aeNeeasee 

TOY). cela karte ee Ne Pennsylvania........--.-- 100 93 fay] ene fase antias 
Redveummse see eee ene lite IMISSOUTI oe se ee lene 100 OL: Oi Peete oe Ses ae 
Chestnut eas soles ele New Jersey....-..-------- 100 CYS 0y Pea ateine aaae 114.2 
NICK ONY seep ce se cicine baie lboebenoe ya ee See Aone axe DOO | caer iu Mee 2 eee aw Re Beas 
\iV/intli®) Oi op easeea Ss eaSaouaeeal eee Gow Sarees Snes 100 ABD Ne aerate Sela ape 

IDO) sg eeseoseeeeeene IAT KANSAS Wy ys pyte spe une 100 TO in ae ee ee ERR Ney 6 
Mupelomererescass sc Sosacevee Missourics. | ses 100 GES | Seay eee ee 117.5 

PYROLIGNEOUS ACID, TAR, AND CHARCOAL. 

The average yields of pyroligneous acid, tar, and charcoal from 
the various forms of material, expressed in pounds per cord for each 
species, are given in Table 9. Although the yields of these products, 
especially of the last two, are directly affected by the maximum tem- 
peratures of distillation, and are therefore not as accurate as the 
alcohol and acetate yields, some conclusions of interest can be drawn 
from them. The yields of pyroligneous acid are of interest mainly 
in connection with the cost of refining the products from a cord of 
wood. (See footnote on p. 14.) 

The average commercial yield of charcoal from a cord of beech, 
birch, and maple is about 50 bushels or (at 20 pounds, the usual 
weight per bushel) 1,000 pounds; the average yield from the heart- 
wood of the three species by the experimental method is 1,378 pounds 
per cord. This large difference is probably due chiefly to the low 
maximum temperatures of distillation, resulting in a charcoal with 
a high amount of volatile matter. Charcoal of this composition 
would probably be satisfactory as a fuel for domestic use, but where 
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high carbon content or high crushing strength is required it might 
not be suitable. 

The yields of tar are also somewhat higher than those usually 
obtained in practice, and this can not be explained entirely by the 
low maximum temperature of distillation, since further distillation 
of the charcoal at higher temperatures gave increased production of 

it is probable, however, that under the experi- 
mental conditions of distillation there was less tar decomposed into 
gas and coke than under commercial conditions where part of the 
tar would be subjected to considerably higher temperatures after 

tar. 

formation. 

(See p. 4.) 

TABLE 9.—Average yields per cord of pyroligneous acid, charcoal, and tar from various 
species. 

PYROLIGNEOUS ACID (MINUS MOISTURE). 

Mean | Aver- 
| : heart- age 

Species. Locality. tsar ap vue poe re Other forms. 

slab | heart- 
| wood. | wood 

; Lhs, Lbs. Lbs. Lbs. Lbs. Lbs. 
Beetlial aemsesese e282 im dianaises. 2.2 1,062 | 1,165] 1,119] 1,113] 1,085 | Sapwood.. 1,149 

ers. Para cee: Pennsylvania... .. TL, 1803 | esas 2 Ts 1697) sees oo 
PITCH cor eee sec ee. Wisconsin......... 1,152 | 1,159] 1,220] 1,156] 1,167 

ee sciacee aerate Pennsylvania... - Pi 249 |, AEB DY a cmasese W925) seen 
Mia DiGe testis: seme Wisconsin......... 1,120} 1,061 1, 207 1,145} 1,157 

DD) OR ii oc Seeeree a | Pennsylvania... .. 1.195 | Tel6sa |e eee: D146 Neves eee. 
Er EVO ONC ELIE =» eeepeees reere = Missouri: ...0..-+-: 1, 098 CT aed 1005 sj... see 

Whestn users 2222-55, New. Jersey. -...-- HO; | a Osean | eee (1G) eee asec Limbs... 74 
Hitckory aioe 222 sec. int 1a a epee eres | ees ee eee De AQ5: | cecto ee 1, 495 
Wihit6 One wes. 2 ese. 6 |B. .2 does: ean 1/230.) WyrrOn|/ eb 275.-|' - 15.206 1, 156 

HD oe i arora INE ROSAS eeeemr can Ue L55e 2 Ee b202 | oe ee. goa Eo eee eee! 
PDUDGIO esas esto emee |, Meissoumitc2.. 5.2.2. 150804) DS OGps\eeckece Ti O(B sl ecketee Limbs...- 1,049 

CHARCOAL. 

| | 
| Indiana......--..- 1,417 | 1,297] 1,385 | 1,357 1,403 | Sapwood.. 1,470 
| Pennsylvania... . 1330 Walesa losses ap 00 |e see 
| Wisconsin...<...../ 1-315 i, 284 1, 286 1,300 1, 303 
| Pennsylvania. .... 1,298.4 "15300 fie 02.2 1 S965: eee eeee 
Wisconsin........- 1,341 | 1,515 | 1,348 | 1,344] 1,430 

| Pennsylvania..... POIs eQOSe| se. 8 131 0)| Se oaeee 
Red Sum... 2222 e 3 eMAssourietetecce|eJ058%| 1,360.2 oa2- aKa eee ees 
Chestnut... --..---2..-.- | New Jersey. ------ POST Ne eV NGOn Been L102: Asana Limbs.... 1, 061 
IHACKODY sah ire ee oI a apres) No ee ae, ae e500 Ga cee 1, 500 
White oak... 2.2.2 L.- eee don ede. 1,858 | 1,392 | 1,625] 1,875 | 1,715 

DOM pA s BAl8 Fee | Arkansas....12....| 1,580) 1-734|...2..- 1 Gh4n eee oe ; 
Piupelosees-s22 ee tla MaAssOounIeeses = <2 5\" 91 $400) | Las) TAQ 2 a aes Limbs..-- 1,320 

| | 

TOTAL TAR 

Beech Satter: + a4 li En@ianey2.. 2.) e. 319 34 342 332 529 | Sapweod.,. 250 
DONE rsais- le as | Pennsylvania..... 299 RS) | Peer B29 |kecs hse 

‘Bircham ten ge. = Ee | Wisconsin......... 325 285 338 307 330 
DOS See = oe | Pennsylvania... .- 426 | BAL Ne. oe BSbElesmecase 

Maples 0.382... Wisconsin. .......- 418 | 310 500 459 360 
WD Ome eee cs. ee Pennsylvania. ...-. 422 ALGR| Gas. cis< QS Tee Aes 

Wed cum teers = S2 see | Missouriz oo = 22 336 pally ie a eo ee 216) | Seer sae 
Chestnu gage 22.22.55: | New Jorsey. ---.--- 102 RO eres. OI ee. eens Limbs 173 
HICK Ory =... eee be ks ok Imrdiang see = seleeess- 2.2 ee eee O19? | co seer 519 
White ale. ame". 3 ea  eieeaKe le Pte teresa 237 173 331 203 285 

O82. Ay. 5 ae Arkansas 222 22:572 349 BP) | eens 8880 | aes 
TODO: «cn eee Missouri......-.--- 348 SOM eee. 364. kee 5. Se Limbs. - 447 

1 The weights per cord were derived as explained on p. 6. 
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OPERATING COSTS OF A WELL-ESTABLISHED NEW 
YORK APPLE ORCHARD.’ 

By G. H. Mittsrr, Assistant, Office of Farm Management. 

INTRODUCTION. 

It is not primarily the purpose of this bulletin to present data 
which actually show the cost of operating a mature orchard, but 
rather to suggest a plan of cost accounting for orchard operations. 
This will be useful to fruit growers who wish to determine the cost 
of fruit production. 

Probably in no branch of farming have greater recent advances 
been made than in fruit growing. The growing of the apple is one 
of the most highly specialized branches of agriculture. It is a 
business which requires scientific knowledge, skill, and the greatest 
care to make it a success. Many investors have entered the field, 
and many of the older growers are realizing profits. Thus spurred 
on by stories of fabulous returns, millions of trees have been set in 
the last decade. It is probably safe to say that few know the cost 
of growing this fruit. It is certain that there is a scarcity of 
accurate data published on this problem. 

The method of cost accounting is discussed through the presen- 
tation of two years’ data obtained by the Office of Farm Manage- 
ment through cooperation with Mr. H. E. Wellman, a progressive 
fruit grower in Orleans County, N. Y. Detailed records of all daily 
labor and financial transactions were kept, including complete 
inventories and accurate surveys of all crops, as well as all necessary 
information to determine not only the costs of the apple enterprise, 
but also the cost of the entire farm business. It should be carefully 
noted that the data presented in this bulletin are costs based on 
the annual expense factors incident to the maintenance and operation 
of a well-cared-for mature orchard. No attempt is made to establish 
a normal for the different items entering into the cost of growing 

1 Acknowledgment is due to Mr. J. S. Ball for aid in the compilation of the data presented and to Mr. 

H. E. Wellman, through whose cooperation this work was made possible. 

NotE.—This bulletin contains data on the cost of producing apples on a mature orchard operated in 

connection with a general farm in western New York. The information is applicable to all similar oper- 
ations. 

51618°—14 
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apples over the entire country, for to do that would require a much 
more extended study. 

No figures are available from which to determine the cost of 
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No attempts have been made at estimating the 
profit or loss that may result from this area during the declining 
years of the orchard, and no loss factors incident to crop failure such 

profitable crops. 

It as occur in the life of every orchard enterprise appear here. 
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must be remembered that these records cover expense items only dur- 
ing two years of the life of the orchard and do not show the full 
cost of apple production, even in a region of high potential possi- 
bilities for this industry. 

The farm under consideration is situated in the northeastern part 
of Orleans County, 1 mile south of Lake Ontario and 14 miles from 
the shipping point. 

The farm, a diagram of which is shown as figure 1, consists of 122.3 
acres of tillable land, well drained. The soil varies from a medium 
clay loam to a stiff clay. Of this 122.3 acres, 39 acres, or approxi- 
mately 37 per cent of the crop area, are in fruit. 

Table I shows the relation of the fruit and general crops on the 
farm as a unit. 

TasLe I.—Summary of crop areas on the Wellman farm for 1911 and 1912. 

Proportion of crop area in— 

Crops. 

1911 1912 1911 1912 

Orchard fruits: Acres. Acres. | Percent.| Percent. 
Ip plesimbecanime ee ease ee a yes on aaa a Peteen Weft 14.74 14.1 14.1 
REACHES MDC ATUL, somes ea cers cpa oma ys Mia eee 0 7.85 7.85 Tod 7.5 
Pears in bearing.....- SERRE SEN SEC CHARS CO EEG ese aeee 3.95 3.95 3.8 3.8 
Ouinceswnybearnerenisesc asses Soa ieee oe Sees sss | - 80 -80 St Bil 

Motalybeaninestruitess meee ene maue ns | (ieee aes 2 Jel em 27E84 27.34 26.1 26.1 

Apples and peaches, nonbearing..............--.-.--------- | 9.92 9.92 9.5 9.5 
Apples, nonbearing...-...--.-..--- | 1.26 1.26 2 1.2 
Quinces, nonbearing | LIOR See AO A|eeele see ee 

Motalmonbearing truit sss 5225555 sw. . a ee | 15.88 11.18 15.2 10.7 

Po tellbiraite steerer cise eiaya sine icieinieicla = os = Se eens se aise 43. 22 38.52 41.3 36.8 

General farm crops: 
Beans 11.01 17. 28 10.5 16.6 
Wheat 18. 04 18.95 17.3 18.0 
Hay. 19. 00 18.98 18.1 18.1 
(Chay eas SB i ree pt = a 4.70 4. 67 4.5 4.5 
Potatoes - 80 83 8 8 
CASS. 6 ca sb cess no SHaB OES sdAt OSes sO ASE e eso raBeMEEoo Ssboneaee | 7.90 5.47 7.5 oe2 

otalsseneralyfarm):CropSs-ss2se ele ieis sie = =e geen ae | 61.45 66.18 58.7 63.2 

Recapitulation: 
PAST CAMUMULGUDGeeyerets epee ce aia arsisicinicieeinic (Selnicc sin inin)e Desens seis 43.22 38. 52 41.3 36.8 
Tea imseneralifarm CrOpPS.2s- cnt sicesissie- <2 es - -/ ieee eae oe 61. 45 66.18 58.7 63.2 

TG en eae Se ear a el arey mae oa aici ola ROU Sc 104.67 104. 70 100 100 
Pasture. roads andifarmsteadsce- esse holes. - 5. \sebeee esa. 17.63 LAS G08 | persaen oes: | 28 Ue eine 

Motalgfarmvancasescae eerie cece cial mls stat oc e.< eERReSeN e 122.30 DOES Ole eee tele [ANN aU Eo 

MANAGEMENT OF THE FARM. 

The farm studied is a typical western New York farm on which 
fruit is the foremost of the enterprises. Of the total area, 50 per 
cent is devoted to general farm crops other than fruit. It is the plan 
to raise enough hay, oats, and corn for feed. Potatoes are raised 
only for home use. Besides fruit, wheat and beans are the cash 
crops. Each year 20 or 30 sheep are kept and pastured during the 
summer. Lambs are raised and fattened during the early spring 
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months. Six horses are kept for work and one for family use. One or 
two colts are raised each year. 

The organization of any farm of this type will have more or less 
bearing on the method of management of the orchard and will there- 
fore have its influence on the cost of producing fruit. There will be 
more or less variation, whether it is a general farm with fruit as one 
of the enterprises or a specialized fruit farm. 

The apple orchard, consisting of 14.74 acres, is situated in the 
northwestern part of the farm. There are 527 trees of bearing age, 

Fig. 2.—View in the Wellman orchard, showing the size and shape of the trees. 

45 to 65 years old, consisting mainly of Baldwins and Rhode Island 
Greenings. 

The soil here is a medium clay loam about 10 inches deep, with a 
subsoil of heavy clay. The orchard has a shght northerly slope, and 
the drainage is good. 

HISTORY OF THE ORCHARD. 

In 1864, at the time Mr. I. E. Wellman took possession of the farm, 
there were 100 Baldwin trees about 20 years old. In 1866, 150 Bald- 
win and Fall Pippin trees were set out, and in 1871 the remainder of 
the orchard was set to Baldwin and Rhode Island Greening trees. 
These trees were set 33 by 33 feet on the square. The orchard as it 
now appears is shown in figure 2. 
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EARLY TREATMENT OF THE ORCHARD. 

. Up to the time that the orchard came into bearing it was cropped 
with a rotation of beans, barley, wheat, and clover. When the trees 
came into bearing, the orchard was allowed to remain in sod and 
was used mainly for a cattle and sheep pasture. Owing to the low 
returns, orchards in western New York were cut down to a great 
extent about 1893, and at that time land on which apple trees stood 
was assessed for little or nothing. But on this specific farm in 1894 
ereater care was taken to make the orchard produce more, and in 
1896 it bore its heaviest crop, ike many orchards in the region. In 
1897 the orchard was plowed and cultivated. This was the begin- 
ning of an organized effort to make the orchard profitable. Since 
that date greater care in pruning, spraying, and cultivation has been 
given. 

CULTURE SINCE 1907. 

In the spring of 1907 the entire orchard was plowed 34 inches deep. 
During that season it was harrowed five times, and a cover crop of 
clover, 6 quarts of seed to the acre, was sown the latter part of July. In 
1908 the orchard was left in sod. In 1909 a double-action disk was 
used to break up thesod. This was followed by a spring-tooth harrow 
during the summer, and in the month of July the orchard was again 
sown to clover. It was mowed in 1910, and in 1911 the soil was 

plowed away from the trees. During the summer the orchard was 
cultivated five times and sown to clover in the latter part of July. 

In 1912 there was an excellent clover sod, but during the month 
of August the army worms appeared in great numbers, eating the 
clover to the ground and giving the remaining cover the appearance 
of having been swept by fire. 

RATES PAID FOR LABOR. 

The rates of labor used in showing the costs of the orchard opera- 
tions are the same as those of the other enterprises on the farm, such 
as the growing of beans, wheat, and hay. The cost per hour of man 
labor was 17.9 cents, and the cost per hour of horse labor was 15.3 cents. 
These rates represent the total cost of paid labor plus the value of 
board and privileges. The proprietor’s labor was considered at the 
same rate as that of the regular workmen on the farm. 

In the case of horses, a cost of $10 per month, or $120 a year, was 
used. This amount, divided by the total number of hours worked 
by the horses, gave an hourly cost of 15.3 cents. The rate of both 
man and horse labor was lessened by reason of the general farm crops, 
which utilized the labor when not needed for the fruit. 

LABOR COSTS FOR VARIOUS OPERATIONS. 

Three cost factors present themselves in any business enterprise. 
In this bulletin these are termed labor, cash, and fixed costs. 
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In considering the labor requirements in the production of fruit, the 
following questions present themselves: What operations make the 
total labor in the production of marketable apples? What factors 
influence the cost of these operations? What records should be kept 
by the grower so that he may at any time know the cost of a given 
operation and at the close of any season know the total cost of any 
and all operations ? 

In the management of commercial orchards there are operations 
which must be performed and which are essential for the production 
of marketable fruit. These operations will be discussed in the order 
of their occurrence in the western New York apple belt. 

Detailed labor costs for the Wellman farm, taken during 1911 and 
1912, are given in Table IT. 

Tasie Il.—Labor costs on the 14.74-acre Wellman apple orchard, containing 527 trees, 
for 1911 and 1912. 

Total hours. Labor cost. 

Operations. Dates. 
| Per Per Per | 1 2 | Man.! | Horse.?| Total. Hei ioe, Whartels 

1911. 

Prin ines ceee eee eee es Mar. 1) to-Apre lie. 2. >: 137. eeescees $24.52 | $1.663 | $0.046 | $0.026 
Removing brush......----- Apr. 10't0. 26. -2-5-=-2: 27% 26 8. 90 - 604 017 . 009 
Mixing lime and:sulphur. ...j2-.2-.. -ss2te-sccciencses5-- a eee 1. 43 AWSY - 003 . 002 
Mirst/ Spraying ss .o2-c sen. -25 | Apr. 25 to May 2......-. 494 383 | 14.70 . 998 . 028 . 016 
Second spraying.......--.-- May. 12 to 132225 -5225-<- 45 30 12. 65 . 859 - 024 .014 
Mhird (spraying s...22----52 2 | May 23 10:26 222 222- s2-- 483 48 16.03 | 1.088 . 032 017 
Blowin he. ane oae ee see nas JUNG NS TO2ieee seers 2 a2 1013 1933 | 47.81 | 3.243 - 091 . 051 
ROW eee ee sees ace =e May 29 to June7.....--- 102 PAL 5.09 -344 . 010 . 006 
First harrowing 3 JUNG ICO Oeeacee cee <= 304 61 14.79 | 1.004 - 028 . 016 
Second harrowing JUNIE MO LO 222 eee eee 123 244 5.94 - 403 O11 . 006 
Third harrowing......- .| June 30 to July 22.....-- 10 20 4.85 - 329 - 009 . 005 
Fourth spraying...-..-..- .| July 20 to 21.. 24 24 Veyi O41 -015 . 009 
Sowing cover crop HJ ye22ibO/ 24 ise seco s 10ky| eee 1.88 . 128 - 004 . 002 
Fourth harrowing...-....-- | JUly22 10206 sateen 243 493 | 12.01 . 814 . 023 013 
Pickingiapplessss 92-222 ee2=- | Aug. 31 to Oct. 19....... (iby Boren 137.03 | 9.297 - 260 - 146 
Picking up apples..-...-..-- Sept. 21 to Oct. 22....... 1008) Beene e 18.04 | 1.224 - 034 - 019 
Packing anples. sc: .cs.ce =: Aug. 31 to Nov. 3......- [en eloee eeeeae 74.91 | 5.082 . 140 . 080 
Marketing apples.........-- Vteeeanic's olalatereteeiacere erase 2345 3555 | 96.36 | 6.536 . 183 . 102 

Total for year. ..<.<-..- | A Societe aeje eee eee eens 2, 0582 891% | 504.91 | 34.254 . 958 -539 

1912 

PEUTIN Gos ubeceemcsaee aeae Dec. 21 (1911) to Apr. 26.| 229% |......-. 41.03 | 2.784 .078 019 
Removing brush:...-.-...-2 Apr. 4 to May 3.-.......- 742 604 | 22.55 | 1.530 . 043 O11 
MITSt/SDra yale seco ss neces Maly 31042 so esac 554 36 15.44 | 1.048 . 029 007 
Second spraying.........-.- jeMay 1S tOvl4o cease. 2 453 30 12. 73 . 864 024 - 006 
Third spraying. o.-..cs2--2 | May 31 to June 6........ 80 54 22.58 | 1.532 - 043 - O11 
Cutting clovers .cceonssoe 2. | June 25 to July 11....-... | 13 26 6.31 428 012 . 003 
Cutting clover (with scythe)| June 28 to July 11...-.... ‘Led all See 1.97 139 . 004 - 001 
POULth Spraying. c2cn2- ase. Ane; OLOU Beemer es <a 672 70 22.84 | 1.550 . 043 O11 
Thinning apples...........- AUS tO loses ss ses B4. eee 6. 09 - 413 . 012 . 003 
Cutting blight............-- | Aug. 16 to 29............ Pal ater ee 3. 94 . 267 . 007 - 002 

Picking apples..... A Aug. 26 to Oct. 31_-..--- | 239 
Contract picking. .....2.2.2: POCO: toalen seems <== |. 6532 

Motalypickineeecceoes =) oss oa ee eee eas | ODS See 319.48 | 21.674 - 606 - 152 

Packing apples..-....:....- | Aug..28'towNove2l--...2.}! 959) ln. 222s 171.66 | 11.645 ~325 081 
Hauling apples to barn... .. | Sept. 28 to Oct. 31....... 1373 1242 | 43.71 | 2.965 - 083 021 
Marketing barreled apples. | Aug, 26 TO. Nove 20. 2... 1932 383 93.28 | 6.329 al77 - 044 
Marketing driers............ | Oct. 2 to. Decs4.0--. 224. 843 1684 | 40.86 | 2.772 077 019 
Picking up apples........-- Oct olt0) Deciaiaseees.- 1254) \ se saeees 22.46 | 1.524 - 043 O11 
HMgquipment tovand from Or- 222224: - ce cece e eee - ci 4 8 1.94 . 132 . 004 - 001 

chard. 
ATISHECUONI stance eek Boe cll eee Se oe eee eS | oe ea 1.70 115 . 003 001 
Superiniendence cas. 2 = = 4) ae eee an eee ee | SY CE ee cee 6.09 . 413 -012 - 003 

WP otaltfor yar) 5-22 esos ee oe eee eases 3,0622 | 604 | 856.66 | 58.118 1. 625 - 407 

1 Man-hour rate, 17.9 cents. 
2 Horse-hour rate, 15.3 cents. ‘ 
3 Ground harrowed over twice. A 3-section spike-tooth harrow was used first, followed by a spring- 

tooth drag. 



OPERATING COSTS OF A NEW YORK APPLE ORCHARD. 1 

PRUNING. 

-_ Pruning is done during the dormant season, i. e., in the winter and 

early spring, when weather conditions are favorable. Many factors 
have their influence on the cost of this operation. The most im- 
portant of these are the variety, age, and size of the trees, their char- 
acteristic growth, physical condition, distance apart, the style of 
pruning adopted by the grower, and, lastly, of greatest importance is 
the expertness of the operator. 

In the orchard considered, between 20 and 25 trees are trimmed 

in a 10-hour day. Attention is annually given to each tree, which is 
pruned for an open head and cut well back, so that there will be suffi- 
cient space for sunlight and air. All dead wood and interfering 
branches are removed. It is the practice to thin out along the main 
branches rather than to cut out the large limbs. These large limbs, 
when cut, are trimmed up in the orchard and hauled to the house for 
firewood. In all cases, care is taken to prune so that the spray ma- 
terial may be thoroughly applied and picking may be done to the best 
advantage. The cost of pruning in this orchard in 1912 was 8 cents 
per tree. 

SPRAYING. 

Most western New York apple growers spray at least three times. 
Some spray as many as six times. 

The gasoline power sprayer is most commonly used among the 
growers in this section, although hand outfits and a few steam engines 
are now and then found in use. A complete up-to-date gasoline 
engine, pump, tank, and truck cost from $200 to $350, depending . 
upon the make and the horsepower of the engine. The cost of the 
operation will vary each year, being influenced largely by the number 
of sprayings. 

The first application of spray is usually made when the trees are 
dormant, a second when the buds are pink, a third at the time the petals 
fall, and a fourth the latter part of July or the first part of August. 
Numerous factors influence the cost of spraying. The variety and 

size of the trees and their distance apart have an influence on the time 
required for the spraying operation. 

The amount of spray material used, as well as the thoroughness 
with which it is applied, depends upon whether the trees are dormant 
or partly or wholly in foliage. The condition and kind of material 
used will also affect the amount of labor needed. 

Insect pests and diseases are sometimes more prevalent in one 
season than in another, and often some orchards are affected while 

others are not. The size and expertness of the crew used in spraying 
are factors to be carefully considered. The kind of spray outfit, 
together with its accessories, affects the cost of the operation. The 
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efficiency of an outfit can be increased by the use of horses which are 
accustomed to the hauling of a sprayer. Long distance from water 
and spray materials causes the loss of considerable time, which could 
often be remedied with practically little outlay. 

Figure 3 shows a spraying crew at work in the Wellman orchard. 
Table III gives a summary of the spraying costs per acre, per tree, 

and per barrel of marketable fruit. In 1911 and in 1912 the orchard 
was sprayed four times. The first spraying was done at the time the 
fruit buds were showing a little green color, the second time when the 
fruit buds were pink, the third after two-thirds of the petals had 

Fic. 3.—Power sprayer and crew. Two or three men are ordinarily used on the Wellman farm. 

fallen, and the fourth the latter part of July in 1911 and the first part 
of August in 1912. If the same quantity of material were used and 
the same care taken each year, the time required for the operation 
would be nearly the same year after year. Referring to the first 
spraying in 1911 and 1912 (Table III), the cost of spraying would 
have been about the same if it had not been for the increased cost of 
spray materials. It is true that there was an increase in the amount 
of labor, due to the necessity of more thorough spraying for the 
control of the green aphids, but had this not been required the costs 
per acre of the 1911 and 1912 sprayings would have been approxi- 
mately the same. 
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In the third and fourth sprayings of 1911 only the trees which 
blossomed were sprayed. This partly accounts for the lessened cost 
at those times. 

Tasie III.—Cost of spraying the 14.74-acre Wellman apple orchard, containing 527 
trees from 45 to 60 years of age, in 1911 and 1912. 

| 
| 

Cost of both 
| Eloursyper Cost per acre. | material and 

BORE labor. 

Year and operation. ese. | 

tenes | | Mate- Per Per, | Man. | Horse. | Labor.| “inj, | Total-| tree. | barrel. 

| 
1911 | | 

EPMTS AS PLAVAM Cre ete eens soon see teen Sac 3. 34 2.61 | $0.998 | $1. 686 | $2.684 | $0.075 | $0.042 
SaeosC! Somyalayys S-soodsasouoas eaoeecsoseabecs 3.05 2. 03 - 859 | 1.020} 1.879 - 053 - 030 
AN autre! G)omyalatss Soe eet Ee ae a asain are ae 3. 29 3.26 | 1.088 -765 | 1.853 - 053 - 029 
HOUGIDES PLAIN OEE ses see Sat ee Ee ate 1. 63 1. 63 -o41 ~ 308 . 899 - 025 - 015 

Motaleonseasoneas2 +222) 528222 ease [eet 3 9.53 | 3.486} 3.829 | 7.315 . 206 . 116 

1912 

SUITES ASDA AN Ceres se ce cenit ieee sce sie. 3376 2.44 | 1.048 -929 | 1.977 - 055 . 013 
SECONGES DT AVAN Perrin ee ee amas sacks ee 3. 09 2.03 . 864 -988 | 1.852 - 052 013 
ANcitiGl Sonphylils seg des aaa aoa Mesos ae eaeee | 5.43 3.66 | 1.532] 1.182] 2.714 076 019 
eHOUNLMES PTAA Chee aes se see cinessceneeeele 4.59 4.75 | 1.550] 1.129] 2.676 074 | 019 

MotalgronseasOWes: serie seen 2 -| 16: 8% | 12.88] 4.994| 4.928] 9.219] .257 - 964 

TILLAGE. 

There are many systems of orchard management in the apple belt 
of western New York. In the management of the Wellman orchard 
it has been the practice to plow 34 to 4 inches deep in the spring. 
The ground is tilled during the season, and in the latter part of the 
summer a cover crop is sowed, the orchard remaining in sod the fol- 
lowing year. With this plan of management the orchard is in sod 
every other year. 

In 1911 this orchard was plowed. On the average, 1.5 acres were 
plowed each 10-hour day at a cost of $3.24 per acre. The depth of 
plowing, width of furrow, stiffness of sod, and the type of soil will 
influence the time required for this operation. Many times a single- 
horse plow is required to plow away from the trees. During the 
season the orchard was rolled once and harrowed five times. A 
cover crop was then sowed and the orchard again harrowed. The 
total labor cost of tillage was $6.26 per acre. 

Figured on the basis of the yield in 1912, if the orchard had been 
plowed and worked during that year as in 1911 there would have 
been an increase of 4 cents per barrel in the labor cost. In addition, 
the cost of the cover crop would have been 2 cents per barrel, making 
a total increase of 6 cents per barrel in 1912. 

If the plowing had been done in 1912, it would not have necessi- 
tated cutting the clover that year. This is a minor cost and would 
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make a difference of less than 1 cent’per barrel. In the late summer 
of 1911, the year the orchard was plowed, a cover crop of oats, clover, 
and cowhorn turnips was sowed. There was an excellent growth of 
clover, and the latter part of the following June it was cut. Consider- 
ing the total acreage of the orchard, only about one-half of it was cut 
with the mower, as it was impossible to get near the trees with the 
machine. It was the original plan to form a mulch with this clover 
and the crop which might have followed, but on account of the de- 
structive work of the army worms this was not possible. 

The exact proportion of bearing apple orchard and tillable cropping 
land which would make the use of labor most efficient is not known. 
It may not be possible to arrive at such a figure, but it is worth being 
considered by every grower of fruit. 

A very important question arises in this connection: Can the 
specializing fruit grower produce, handle, and market his fruit for 
less than the general farmer who makes the growing of the apple 
one of his farm enterprises ? 

HANDLING THE CROP. 

The handling of the apple crop in the apple belt of western New 
York is a serious problem with many growers. Labor requires a 
high wage, and at times it is difficult to get efficient help. Some 
growers near the cities are able to get a little experienced help at 
harvesting time. Tramp labor often proves efficient, and many 
growers depend upon it. 

The men with large bearing orchards are most seriously affected. 
The men on the general farms have some advantages over those on 
specialized fruit farms. On the general farms labor is needed the 
entire year, and this labor is often sufficient for the apple harvest. 

PICKING. 

The method adopted in picking apples depends to some extent on 
the size of the crop. The cost of the operation is influenced by many 
factors, of which the expertness of the picker is perhaps the greatest. 
The variety and quality of the fruit, the time of picking, the quantity 
of fruit on the tree, the shape and height of the tree, and the equip- 
ment used in picking the fruit are other factors which materially 
affect the cost. 

In 1911 regular labor and a small amount of extra labor were used 
to pick the marketable crop of 937 barrels. This was done at a 
cost of 15 cents per barrel. In 1912 the early apples, 284 barrels, 
together with 108 barrels of Baldwins, were picked by regular labor 
and a small amount of extra labor at a cost of 11 cents per barrel. 
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The marketable barreled Baldwin crop was picked by contract 
labor at a cost of 16 cents per barrel. 

During the season 30 Baldwin trees were thinned. About half the 
fruit was removed when the size of walnuts at a cost of 20 cents per 
tree. At harvest time the same quantity of marketable apples was 
picked from these trees as from 30 Baldwin trees which were not 
thinned. 

Table IV shows the number of barrels of Baldwin apples picked 
by contract labor in 1912, together with the cost of picking. 

TasiLe LV.—Numeber of barrels of Baldwin apples and cost per barrel of picking by con- 
tract labor on the Wellman orchard in 1912. 

Cost of picking. Average 
Rate to 

F Number number 
Pickers. ae - (0) “i of Pastels Cestbet 

arrels.1 picke z barrel. Cash. Board. Total. per day. 

Ci Ue Oy aa Rae Ee eae a $0. 11 BOD | Se ne SA Se) ately aya ber ek a LAE oe A se 
DOSES SAE eee ene Sal 123 $50. 07 $13. 50 $63. 57 31.5 $0. 143 

Ve Sb acSas SECO Secs aee .12 74 8. 88 2.25 11.13 24.7 15 
VIP Eee eee te aca rrr fais 2 Lo Sit 210: |Reeeeeeeah | cacceecn sete sencone | secuocesus|Sadocceees 

IDO Gos Saab ac RCO Berar Erte 12 84 33.18 14. 25 47. 43 18.1 161 
DNS TRY Gee EN ee leer . 125 BSS: | eee ae Serre eel Brahe retarala [is Sacra eieere [eiclotswle cies 

IDXo) Sis Beh ae Dae oon a Meee Blaty 144 67.32 3. 80 11.12 31.5 7130 
MS ee eI Ree eee 11 45 4.95 2.25 7. 20 21.4 16 
18 [es yp i eS eae ati 105 11.55 5. 25 16. 80 16.4 16 
BERG eel ee Ae (ar 3) 12 165 19. 80 3.00 22. 80 41.3 138 
(OE Ee gab Gas SEB aB eae eee 12 225 27.00 4, 20 31. 20 28 139 
Cee e ES eSB eC See ai elie 10 32 3. 20 2.25 5. 45 10.7 17 

PIO all reser ein ec SOE ae ce A 7 1,911 225.95 50. 75 ZO Onl \eaccsasece|eecicereree 
AW ELAS Chee aemeceasisis 2 sec Ot BES AaSSEBe oo ode daadal lbsasaSecen baasosccas) fasmcereos 145 

1 Of 1,911 barrels picked by contract labor, 1,712 barrels were marketable. The average cost oi picking 
the marketable barreled apples was 16 cents per barrel. 

PACKING. 

In 1911 the packing time was nearly equally divided between 
orchard and barn. The average cost of packing was 8 cents per 
barrel. 

In 1912 the average cost of packing apples was 9 cents per barrel. 
An account was taken of the time actually spent in packing apples 
in the orchard and in the barn in 1912. There were 854 barrels 
packed in the orchard at a cost of 7.7 cents per barrel, while 1,250 
barrels were packed in the barn at a cost of 13.2 cents per barrel. In 
considering the cost of packing in the barn the actval time charge 
would amount to 9.7 cents per barrel. The cost of hauling these 
apples to the barn was 3.5 cents per barrel, which is part of the pack- 
ing cost. 

MARKETING. 

In 1911 the labor of hauling the dried and the barreled apples was | 
combined, and therefore the cost of hauling the barreled apples 
to market can not be ascertained for that year. In 1912, however, 
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the apples were hauled 1.5 miles to storage, at a cost of 36 cents per 
ton per mile. The cost per barrel per mile was 3 cents. 

On return trips from storage the driver passed near the barn, tak- 
ing a load of empty barrels to the orchard. The time required for 
this operation was small and considered part of the marketing cost. 
At noon, on the way to dinner, a load of unsorted apples was usually 
hauled to the barn. Generally a load was hauled also at the close 
of the day. When the weather would not permit outside work, the 
apples were packed in the barn. This cost was considered under 
packing. Even though the cost of packing in the barn was higher, 
this was doubtless more than offset, as the help was able to work 
during bad weather. 

The principal labor operations which were performed on this par- 
ticular farm in order to produce marketable fruit have been de- 
scribed. There are many minor factors which would influence the 
cost of these operations. Definite figures which could be used uni- 
versally can not be given. Each farm is a unit, and the several enter- 
prises are managed differently on each farm. The figures presented 
are suggestive and illustrate the method used in arriving at the total 
labor cost of producing a marketable barrel of apples on the Wellman 
farm during the two years specified. 

A summary is given in Table V of (1) the cost of operations up to 
picking time and (2) the cost of handling the crop. Although the 
1912 crop was more than double that of 1911, the cost of handling it 

was only one-half a cent less per barrel. Up to picking time in both 
years the operating cost per tree was about the same. 

Tasie V.—Summary of labor costs on the 14.74-acre Wellman apple orchard, containing 
527 trees, in 1911 and 1912. 

1911 1912 

Item of cost. 

Per tree. | P oe ~ | Per tree. roe 

Operations:until picking time: .- 5.24052 cehsee sobs eee en snice $0. 341 $0. 192 $0. 310 $0. 078 
Handling the cro pitas a2 sas. sess meee ste oe = on ee eeeee = see s Oli, - 347 1.315 329 

MOtals ested <b Sede sew spc nS aka ewes s toe gee eeeece'te - 958 539 1. 625 407 

CASH COSTS. 

In the cost of the production of apples there are certain items for 
which a more or less direct outlay of cash, or its equivalent, is neces- 
sary. Such items as spray material, cover-crop seed, fertilizer, 
manure, barrels, storage, freight, etc., come under this head. 

The manure cost is found by adding to the value of the manure 
the cost of applying it to the field. The total cost of the application 
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in any one year is commonly charged to that year and the two years 
following on the basis of 50, 30, and 20 per cent, respectively. 

In the Wellman orchard these cash costs proved to be 45 cents 
per barrel in 1911 and 46 cents per barrel in 1912. Of these, the 
barrel cost is the major portion, being 31 cents in 1911 and 42 cents 
in 1912, or 69.7 per cent and 91.7 per cent, respectively, of all cash 
costs. The complete record of cash costs is given in Table VI. 

No expense was incurred in 1912 for cover-crop seed, but this was 
more than offset by the increase in the cost of barrels. 

Taste VI.—Cash costs on the 14.74-acre Wellman apple orchard, containing 527 trees, 
for 1911 and 1912. 

Distribution of cost. 

Year and item of cost. | j 
Per Per Per 

| Spray. | ‘Total. acre. tree. | barrel. 

1911. | 

Manure charge (50 per cent against 1911 apples)..........-.----|.------- $30.77 | $2.087 | $0.058 | $0.033 
Spray materials used: 

First spraying— | 
Limeand sulphur, Sons: atiG0:04te = eee ee | SL.60 | 
Lime and sulphur, 100 gallons, at $0.162__..........--- | 16.00 rs . is 
Tobacco extract, 3 pints, at $1.562..................-.. ) 4.69 24.85 | 1.686 - 047 - 026 
Lead arsenate, 32 pounds, at $0.08 ...-.---....-------- | 2.56 

Second Spewine 4 ae . | A 
Lime and sulphur, 43 gallons, at $0.16-.......--..-----| 6.88 |) +. 
Lead arsenate, 102 pounds, at $0.08............--.----- | 3.16 | 1:04 | 1.020) 029 -016 

ae as cd caiphus, 32 gall 30.16 | 5.2 ime and sulphur gallons atis0: 1650... j-seeeene ee 5.12 |\ ae 
Lead arsenate, 77 pounds, at $0.08.............-2.2.--- GavGaliieuces 1B eet Oe 

Bauer Ge pinar: 15 Balloné “at gos16 2. 40 | ime and sulphur, 15 gallons, at $0.16-.-...........--- | WAOI\\esse z zs 
Lead arsenate, 36 pounds, at $0.08.............-....--- | 2.88 Wempace 358/010 - 006 

PB Arnelsm os ieati a Urollears cnet essence ees: este mee eae \eeeeeaae 291.41 | 19.770 .003 311 
SEG! HOP GOWEP GRO Se oadan-celasaosca Neuss BeCeBeeore- cosmeos |e ene eer 39.47 | 2.678 075 . 042 

Moalitorscasons 025526. acees ce is ee. epee: | 418.10 | 28.364| .793| 446 

1912. | | | 
{ | 

Manure charge (30 per cent against 1912 apples).........--..--.|.------- lel SP4Gn lao 220 035 . 009 
Spray materials used: | | 

First spraying— | 
Lime and sulphur, 80 gallons, at $0.041...........-..-- 3. 20 \ 13.70 929 026 006 
Lime and sulphur, 75 gallons, at $0.14? ....-.......... | 10.50 a veto Fi : 

Second Spip yang ‘i | 
Lime and sulphur, 44 gallons, at $0.14 --..-.....-.....- 6.16 |) P 
Lead arsenate, 105 pounds, at $0.08-....-.....---.-.-.- lie 8840: fps On | 22885) sy 1028 007 

Third spraying— 7 
Lime and sulphur, 52.5 gallons, at $0.14 ..-..-..-...--. | 7.35 
Lead arsenate, 126 pounds, at $0.08...............-.... 10.08 \ T3115 25 | e037 008 

Fourth epre vine " | 
Lime and sulphur, 35 gallons, at $0.14-.......-.-.-.--- 4.90 |\ 
Lead arsenate, 146.75 pounds, ati SOl0Siea. .- sae | 11.74 |f 16.64 | 1.129 -031 - 008 

Barrelsmo Osta tiS0 roles se ee ea een ans: | Meat [Serene 885.78 | 60.094 | 1.681 421 

RofafOnsenso a ic eee eae o | eel, 966.57 | 65.574 | 1.834|  . 459 

1 Undiluted homemade solution: 36 pounds of lime, 80 pounds of sulphur, and 50 gallons of water. The 
cost of labor isincluded. Rate of dilution, 1 gallon of lime and sulphur solution to 7 gallons of water. 

2 Undiluted commercial lime and sulphur: Rate of dilution, 1 gallon of lime and sulphur solution to 10 
gallons of water. 
ae Items of seed cost: Clover, 180 pounds, at 16 cents; oats, 22 bushels, at 40 cents; turnips, 7.5 pounds, at 

5 cents. 
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FIXED COSTS. 

The term ‘‘fixed costs” embraces all costs other than labor and 
cash costs that enter into and make up the total cost of production. 
Although these costs are indirect, they must be given due consid- 
eration before the total cost can be determined. Under this group 
are such items as interest and taxes on real estate, the cost of the 
use of machinery and use of buildings, and overhead expense. These 
fixed costs for the Wellman orchard for 1911 and 1912 are given in 
Table VII. 

TaBLE VII.—Fized costs on the 14.74-acre Wellman apple orchard, containing 527 trees, 
for 1911 and 1912. 

Distribution of cost, 1911. Distribution of cost, 1912. 

Item of cost. | 
Per Per Per Per Per Per 

Total. | sore. | tree. | barrel. | T°t@l-| acre. | tree. | barrel. 

Use of machinery !......... aoe seein $31.68 | $2.149 | $0.060 | $0.034 | $31.68 | $2.149 | $0.060 | $0.015 
Land rental (interest and taxes 5.905 

DOMGCNG) Semen cese ae ea ee 241.04 | 16.353 . 457 257 | 241.04 | 16.353 - 457 Bal i 
Overheadex pense 422. -22-<ce2- sess 22.19 1.505 . 042 . 024 29.74 2.018 . 057 -014 

Total fixed costs for season....- 294.91 | 20.007 . 559 -315 | 302.46 | 20.520 SDA .144 

1 The machinery included here is used on several orchards on this farm, and the charge here shown is the 
pro rata share for this orchard, being about one-third of the total amount. 

In the Wellman orchard these costs amounted to 31.5 cents per 
barrel in 1911 and 14.4 cents per barrel in 1912. As the total of 
these costs varies but little from year to year for the same orchard, 
the cost per barrel is directly proportionate to the yield. 

The major portion of the fixed costs is in the interest on the invest- 
ment and the taxes on the land. The land rental is figured at 5 per 
cent on the estimated inventory value of the orchard, plus the taxes, 
which amounted to 0.905 per cent on this same value. In 1911 this 
land rental was 81.8 per cent of the fixed costs and in 1912, 80 per 
cent. 

No account has been taken of the depreciation of the orchard. 
This factor will depend largely on the variety of apples grown, the 
age of the trees, the soil and climate, and the cultural methods 
adopted. The presence of insect pests and fungous diseases and the 
thoroughness of their control will have their influence on the life of 
the orchard. Owing to insufficient data, no attempt is made to 
measure this item of cost. Nevertheless, it should be borne in 

mind by apple growers. 

SUMMARY. 

In Table VIII all the costs of operation are summarized for both 
the years specified. On this particular farm these show a total of 
$1.30 per barrel of marketable apples for 1911 and $1.01 for 1912. 
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The three most important items constituting this cost are labor, 
amounting to 40 per cent; the package (barrel), from 25 to 41 per 
cent; and the land rental, from 12 to 20 per cent. There are many 
other items, but these three constitute from 85 to 90 per cent of the 
total cost per barrel of marketable apples. Many growers do not 
realize that the money paid out for barrels alone is often more than 
the entire labor cost of production. 

TasieE VIII.—Summary of labor, cash, and fixed costs on the 14.74-acre Wellman apple 
orchard, containing 527 trees, for 1911 and 1912. 

Distribution of costs, 1911. Distribution of costs, 1912. 

Ttem of cost. | . is | = | | P 
er er er er er er 

Total. | gore. | tree. | barrel.| Tt@!-| acre. | tree. | barrel. 

ISADORE ere eens to nisa oe aialoibio crocs | $504. ail $34. 254) $0.958) $0.539| $856.66) $58. 1s $1.625 $0. 407 
Cashier ee eric eae nici ci eleie a reine | 418.10) 28.364 - 793 .446|, 966.57) 65.574) 1.834 - 459 
IHR CLCOSUM ety eien hacieciscioeclec.: 294.91) 20.007 599 .315) 302.46) 20. 520, -o74 - 144 

ANG IAS Soc Meee eee St mere |1,217.92) 82.625} 2.310)  1.300/2,125.69) 144.212) 4.033 1.010 

In this connection it must be remembered that these figures refer 
only to the Wellman farm and are merely for the two years considered. 
They may or may not apply to any other farm in this same com- 
munity. All fruit growers realize the wide variation in the important 
factors related to the cost of growing apples and the need for a careful 
consideration of these in any study of this problem. These factors 
will vary in respect to variety, age, and size of trees, soil, climate, 
method of management, and particularly in respect to the ability of 
the farmer as a manager. In further consideration of these figures 
it should be kept in mind that the data here presented pertain to an 
orchard that is over 50 years old and is well located for the production 
of good fruit. 

Referring again to Table VIII, it will be noted that the cost per 
acre and per tree was much greater in 1912, yet the larger yield of 
apples made the cost per barrel 28 cents less than that of the preceding 
year. As regards fixed costs, they are fairly constant, being ap- 
proximately $20 a year per acre on this particular orchard. The cash 
costs—that is, such expenses as spray materials and barrels—are 
largely dependent upon the amount and price of spray material, 
together with the number of barrels or other packages used. ' Hence, 
these items of expense will vary with the yield of marketable fruit. 

The labor cost is influenced by the method of management. It isin 
this connection that the efficient organization of the entire farm, of 
which the orchard forms only one part, becomes an important factor 
in lessening the rate of both man and horse labor. On a farm where 
the apple orchard constitutes the only enterprise, there being no 
other source of farm income. it is evident that all the labor expended 
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must be charged against the apple orchard. Hence, it is quite 
possible that the rate per hour of man and horse labor would be much 
higher than on a well-diversified farm, where the labor is better dis- 
tributed throughout the year. The lowering of this rate on a diversi- 
fied farm comes about through the other farm enterprises utilizing 
the labor during the periods when it is not needed in orchard work. 

Persons taking up fruit growing as a specialty without any other 
sources of farm income are not following the experience of the best 
growers in the oldest apple-producing regions of this country. The 
Wellman farm is an excellent illustration of growing fruit in con- 
nection with other farm crops. The crops, such as beans, wheat, 
and hay, form no small part in lessening the operating costs of this 
orchard, in that fruit growing constitutes only one item of the farm 
business. In this way the overhead costs chargeable to the orchard 
are materially decreased, while in the case of the specialized apple farm 
all such costs must be borne entirely by the orchard. The reader is 
urged to bear in mind that the data which have been presented refer 
only to a particular orchard on a single farm and give only the 
expense factors incident to the maintenance and operation of this 
well-cared-for mature orchard. This publication is intended to 
illustrate a method which, if followed by apple growers, will enable 
them to analyze the important factors entering into the cost of 
operating and maintaining their orchard industries and to deter- 
mine the relation which the various cost factors bear to one another 
in years of varying crop production. By adopting this method the 
independent grower will be able to determine the actual cost of 
maintaining and operating his fruit enterprise on his own farm. 

No intelligent grower will assume that these figures are actual 
costs on his own farm, but he should determine for himself the cost 
of producing his fruit. 

Apple growing as a commercial business has in many regions 
reached a high state of development. With the increased develop- 
ment keener competition will result. In order to realize profits, 
the producer must manage his business efficiently. The men most 
favorably situated and who are experienced and efficient will be 
able to produce apples cheapest. The lessening of the cost will not 
necessarily be due to differences in cultural methods, the reduc- 
tion of package costs, or the decrease in the wages of the help, but 
to better management of the farm as a unit. 
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REPELLENTS FOR PROTECTING ANIMALS FROM 
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By H. W. GRAYBILL, D. V. M..,” 

Assistant Zoologist, Zoological Division, Bureau of Animal Industry. 

INTRODUCTION. 

During the warm season of the year cattle, horses, and mules suffer 

a great deal of annoyance and more or less injury as the result of 

the attacks of various biting flies, and numerous requests are received 
in this department concerning methods of relieving the animals from 
these attacks. The flies that cause the greatest annoyance to domes- 
tic.animals are the stable fly (Stomoxys calcitrans L.) and the horn- 
fly (Lyperosia irritans L.). The horseflies (Tabanide) are of some 

importance and individually their attacks are sanguinary, but they 
are not the cause of as much injury as either of the two species of 
muscids that have been mentioned. The bot flies (CHstride) affect- 
ing horses, cattle, and sheep are not biting flies and only visit these 
animals to deposit their eggs. The larvee of these flies, however, are 

parasitic and are the cause of considerable annoyance and more or 
less loss, and for this reason repellents are sometimes applied to ani- 
mals to prevent the adults from depositing their eggs. In the case 
of the horse and the ox, parasiticides are applied to the skin to 
destroy the eggs of bot flies that have already been deposited. 

The screw worm (Paralucilia macellaria Fab.) likewise is not 
parasitic in its adult state, and visits animals only to deposit its eggs 
in wounds where the larve, when they emerge, may find nourishment 
and complete their growth. There are also various other species of 
flies that may deposit their eggs in wounds and whose larve become 
parasitic. 

In the United Kingdom and Holland a bluebottle fly (Lueclia 
sericata Meig.) deposits its eggs on the soiled wool about the anus, 

1The investigations reported in this paper were undertaken by the Bureau' of Ani- 

mal Industry incidentally during the progress of other investigations concerning stock 

dips. Although comparatively few repellents were tested, it is believed that the data 

obtained concerning substances which may be applied to live stock to protect them 

from flies are of interest and value to the live-stock industry. 

2Resigned, April 16, 1914. 

51293°—Bull. 131—14——-1 1 
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chiefly in young sheep, sometimes in adult sheep when badly kept, 
and the larve hatching from the eggs become parasitic in the skin. 
In Australia several species of blowflies (Calliphora oceanice Desv., 
C. villosa Desv., and C. rufifacies Desv.) produce a similar condition 
in sheep. Recently a cutaneous invasion of sheep with dipterous 
larvee occurring at Cobham, Va., was reported to this department, 
but the fly responsible for the trouble has not been identified. The 
application of repellents and parasiticides is indicated in case sheep 
are subject to the attacks of such flies. 

The house fly (J/usca domestica L.) commonly visits wounds on 
animals to suck up the exudates that occur there. It is the cause of 
considerable annoyance to animals in this way; it prevents wounds 
from healing and may introduce into a wound agents of infection 
adhering to its body. Repellents are therefore indicated and are 
frequently used on wounds. to keep house flies away and also to 
keep away such flies as may deposit their eggs in wounds, such, for 
example, as the screw-worm fly. 

The use of fly repellents is resorted to largely for the purpose of 
relieving animals of the torment of biting flies or of preventing 
infestation with the larve of flies, without any reference to the con- 
trol or eradication of such pests. In the case of such flies as the 
stable fly and the hornfly, the use of repellents can be of only sec- 
ondary importance as an eradicative measure, since a much more 
effective means of getting rid of these pests lies in preventing them 
from breeding. This may be done by preventing access of the flies 
to materials such as manure, etc., in which they deposit their eggs, 
and by destroying the young stages that may be present in such 
materials. However, the eradication of these flies in most instances, 

or even a reduction in their numbers in many cases, is out of the- 
question, so that it is necessary to resort to the use of repellents or 
other means to give relief to animals. 

In the case of the horseflies, preventing them from biting is 
probably as important a factor as can be taken advantage of in 
bringing about control, yet it must be admitted that this means 
can be of only very little importance. In the case of the bot flies 
and the screw-worm flies, the use of repellents against the adults 
and of parasiticides against the eggs and larve is an important 
method of eradication as well as a valuable means of protecting 
animals. 

INJURY CAUSED DOMESTIC ANIMALS BY BITING FLIES. 

Aside from the transmission of various animal diseases by biting 
flies, a matter of much less importance in this country than in the 
Tropics, flies are generally assumed to be responsible for enormous 
losses to farmers and stockmen. Because of the great numbers in 
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which flies occur, the irritation they cause animals, the blood they 
abstract, the movements they cause animals to make in fighting them, 
and the unfavorable influence they have on the temper of dairy cows, 
it is believed by both scientist and layman that flies are responsible 
for very great financial losses. 
According to Delamare (1908), a German professor named Leh- 

mann is stated to have established that the supplementary expendi- 
ture of energy corresponding to the agitation caused horses by the 
attacks of flies amounts to a pound of oats a head per day. Moore 
(1903), of the South Dakota Agricultural Experiment Station, says: 
“When we consider the intimate relationship existing between the 
milk yield and the physical comfort of the cow, no question can be 
raised as to the benefit obtained by mitigating so far as possible the 
annoyances of these pests.” Hopkins (1891) states that the hornfly 
so annoys cattle by its bite that the cows fail in milk and other cattle 
fail in flesh. Garman (1892) says: “The injury done to cattle has 
been greatly overestimated in some instances; yet there can be no 
doubt that the yield of milk from cows greatly worried by hornflies is 
much reduced, and growing and fattening stock are doubtless re- 
tarded by their attacks.” Marlatt (1910) states: “ During the first 
years of the hornfly, when it was a new and little understood menace 
to cattle, the losses occasioned by it were undoubtedly much exagger- 
ated. Nevertheless, the loss when the fly is abundant is still very 
considerable, showing in reduced vitality, lack of growth, or less- 
ened yield of milk, the production of milk often being cut down 
from one-fourth to one-half. In Canada the late Dr. James Fletcher 
estimated the loss in Ontario and Quebec at one-half the product of 
meat and milk.” Buishopp (19138) describes an unusual outbreak of 
the stable fly in 1912 in northern Texas and refers to various other 
outbreaks that have occurred in the United States. In referring to 
the injury due to the fly he states that many horses and cattle became 
so weak that they gave up the fight against the pest. In a few cases 
in which the animals were not protected they succumbed in a short time. 
Texas fever was rekindled in an acute form in cattle that became 
weakened as a result of the flies, and in many cases death resulted. 
The influence of the flies on the milk production was marked, the 
reduction being from 40 to 60 per cent, and in some cases cows were 
completely dried up. Horses and mules lost 10 to 15 per cent in 
weight during the outbreak. Cattle likewise suffered a great reduc- 
tion in weight. It is estimated that in northern Texas over 300 head 
of cattle, mules, and horses were killed directly or indirectly as the 
result of the fly attack. This loss is estimated at $15,000, and the loss 
in the milk production is placed at $10,000, and other losses are stated 
to surpass these. 
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Fuller (1918) has described an outbreak of the stable fly along 
the east coast of South Africa. All classes of animals are said to 
have suffered greatly from worry and anemia. Many cattle were 
killed, and horses and cattle stampeded into the sea and into rivers 
to obtain relief. The outbreak followed heavy rains. 

The experimental evidence with regard to the losses due to flies 
that is available in this country does not seem to indicate that they 
are as a rule of such serious consequence as the foregoing statements 
would lead one to believe. The seriousness of such outbreaks as 
Bishopp and Fuller refer to can not be questioned. Carlyle (1899), 
at the Wisconsin Agricultural Experiment Station, conducted an 
experiment relative to injury due to flies in which two lots of seven 
cows each were used. Lot No. 1 was kept during the day in a pad- 
dock provided with shade trees, while lot No. 2 was protected from 
flies by being kept in a screened stable. The cattle in both lots 
were kept on the pasture during the night and taken off at 9 o’clock 
in the morning. The experiment was continued for a period of 
four weeks. The cattle in the lot protected from flies ate 835 pounds 
more green corn than those that were unprotected. All the cows 
lost in weight, but the protected cows lost nearly three times as 

much as the others. In comparing the milk and butter production 
of the first two weeks of the experiment with that of the two weeks 
just preceding the experiment it was noted that there was a decrease 
in both milk and butter. The milk reduction was greater for the 
protected animals and the butter reduction was greater for the 
unprotected animals. The conclusion reached was that the greater 

amount of butter yielded by the protected lot was not sufficient to 
pay for the increased trouble and expense entailed in stabling the 
cows during the greater part of each day. 

_ Kent (1903), in an experiment at the Oregon Agricultural Col- 
lege and Experiment Station, used a proprietary repellent on four 
dairy cows. Four untreated cows served as controls. The treated 
cows gained a total weight of 265 pounds while the untreated ones 
gained 212 pounds. In comparing the milk and butter records of 
two cows from each lot that were in about the same stage of lacta- 
tion with the records of the same cows during the two months just 
preceding the experiment it was found that the treated cows lost 
about 10 per cent less than the cows not treated. 

Beach and Clark (1904), at Storrs Agricultural Experiment Sta- 
tion, Conn., tested a proprietary fly repellent which the manufac- 
turers claimed would effect a tremendous saving during the fly 
season. The experiments covered a period of two seasons and the 
cows were sprayed thoroughly once a day. The conclusions reached 
by the authors are as follows: “1. The annoyance of cows by flies 
seems to be overestimated. 2. Certain proprietary oitments known 
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as ‘fly removers’ will protect the animal to a greater or less extent, 
but their use has little or no effect on the milk or butterfat secre- 
tion.” 

Kcekles (1905) carried on experiments for two seasons at the Mis- 
souri Agricultural Experiment Station with a proprietary repel- 
lent for the purpose of determining whether the use of a repellent 
on dairy cows would have any influence on the amount of milk and 
butter produced. During the first season 16 cows were used and 
during the second season 22 cows were used. The fly season was 
divided into periods of two weeks. and the herd was sprayed each 
morning during alternate periods. A comparison was made be- 
tween the sprayed and unsprayed periods. 'The conclusion reached 
by the author was that the use of the fly repellent was fairly effec- 
tive in preventing the annoyance from flies if applied every morn- 
ing, but that the yield of milk and fat was not appreciably affected 
by its use. The only advantage observed was that the cows stood 
more quietly during milking. With regard to the shrinkage in 
milk production during hot weather, the author has the following 
to say: “The rapid shrinkage that occurs in the yield of a cow 
during the hottest summer months is a well-established fact, but is 
probably not so much on account of flies as to failure to graze suffi- 
ciently, if on pasture, on account of the heat.” 

THE INFLUENCE OF COLOR ON FLIES. 

Several years ago Dr. Schroeder, of the Bureau of Animal In- 
dustry, called my attention to some pictures of Holstein cattle he 
had taken in connection with some tuberculosis work, in which the 
flies on the animals were confined almost exclusively to the black- 
colored spots. Beach and Clark (1904) state that some animals 
suffer more from hornflies than others and that dark-colored animals 
suffer more than light-colored ones. Marlatt (1910) states that the 
hornfly exhibits a certain preference for red or other dark-colored 
‘cattle, and that such animals are more thickly infested has been 
frequently noted. He states, however, that when the flies are abun- 

dant this preference is not so strongly marked. 
Marre (1908) refers to a discovery which a farmer in the vicinity 

of St. Cyr made relative to the influence of color on flies. The 
farmer had 170 cows in a number of stables and noted that flies had 
a marked aversion for blue. The idea came to him to add blue to 
the whitewash with which he coated the walls of his buildings each 
year. After doing this the flies left his cattle stables. 

The formula used for the wash is as follows: 

Wier terg ee eeu a eee es 100 liters (105.6 quarts, or 26.4 gallons). 

Lime (slaked)_~_~_~--______ 5 kilos (11 pounds). 

Ultramarine blue________ 500 grams (1.1 pounds). 
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Two applications, one in June and one in August, are recom- 
mended. The present writer is not aware whether this observation 
has been corroborated or not. 

INTERNAL REMEDIES FOR REPELLING FLIES. 

Jt would hardly seem likely that a drug could be administered to 
animals that would prevent flies from making their customary 
attacks. However, Ochmann (1911) has recommended potassium 
tellurate for this purpose. According to him this chemical does not 
affect the general health of animals.’ The hair, however, becomes 
temporarily rougher, paler, and drier. The expired air, the per- 
spiration, and the feces take on an intensely offensive garlic odor 
which persists for a long time. 
Two dogs received on two successive days each 0.25 gram of po- 

tassium tellurate. The results appeared on the day of the first ad- 
ministration and lasted three to four weeks. The olfactory sense of 
one dog suffered considerably. One of the dogs formerly troubled 
with ticks was no longer affected. The dogs were protected from 
flies. 
An ass was given 0.25 gram of the chemical in the feed for three 

days. The action was negative. Another ass received on three suc- 
cessive days 0.25 gram. On the second day the odor appeared in 
the breath and disappeared one day after the last dose. 
A mule received on three successive days 1.5 grams. The odor 

appeared on the day following the first administration and gradu- 
ally disappeared in 10 days. There were no unfavorable results. An- 
other mule was given on three successive days 0.5 gram. The odor 

appeared on the day following the second dose and disappeared one 
day after the last dose. A mule received on two successive days 2 
grams. An intense odor appeared on the second day and disap- 
peared after six days. 

The author states that flies lighting on the animals were repelled. : 
Mayer (1911) conducted experiments for the purpose of verifying 

Ochmann’s results, and reached quite different conclusions. Ten ex- 
periments were carried out, nine on horses and one on a cow. Each 
animal received in all 10 grams in single doses of from 1 to 5 grams. 
The best method of administering the drug was to dissolve the salt 
in drinking water. Subcutaneous administration leads to dry ne- 
crosis. The drug was taken unhesitatingly and caused no ill results 
except occasionally a staring coat in fine-haired animals. The garlic 
odor of methyltellurid appeared in the breath of the cow and was 
present for a long time. The odor appeared to a very slight degree 
in the breath of three of the horses, but disappeared very soon. 
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The author states that the administration of potassium tellurate in 
all cases failed to protect animals from flies. 

It would therefore seem likely that this internal remedy is not 
efficacious. If it or any other internal remedy were found efficacious, 
it is doubtful whether it could be administered to dairy cows with- 
out imparting an odor to the milk. On the whole, therefore, the use 
of internal remedies seems to be an extremely unpromising means of 
repelling flies. 

EXTERNAL REMEDIES FOR REPELLING FLIES. 

There are almost innumerable homemade and proprietary ex- 
ternal remedies for repelling flies. They contain various substances 
that are distasteful to the insects. Many of them contain strongly 
odoriferous ingredients that have a repelling influence on flies. The 
qualities to be sought in a satisfactory repellent are: Absence of 

toxic and other detrimental properties when applied externally to 
animals; a marked repellent action on flies; and a duration of this 
action for a reasonable length of time. A common defect of many 
otherwise rather good repellents is the very short period during 
which they are effective. Some repellents are undoubtedly toxic 
and must be used with care. 

METHODS OF APPLYING REPELLENTS. 

Repellents as a rule are in the form of liquids and may be applied 
by means of a dipping vat, a pail spray pump, an atomizer such 
as that commonly used in gardens and greenhouses for applying 
insecticides to plants, or by means of a rag or a paint brush. The 
method employed necessarily depends to a very large extent on the 
number of animals to be treated, the physical character and toxicity 

- of the preparation, its cost, and the individual preference of the 
farmer or stockman. Some preparations, either because of their 
cost or their toxicity, or for some other reason, are not adapted for 
use in a dipping vat or for application by means of a spray pump. 
Others may be applied by any one of the methods mentioned. 

Marlatt (1910) describes a special splash board for vats, devised 
by J. D. Mitchell. By means of this board the splash caused when 
the animal plunges into the vat is thrown back into the vat in the 
form of a spray and many of the flies are wetted and carried down 
with the dip. It is said that with vats equipped with such splash 
boards from 75 to 80 per cent of the hornflies are killed. 

EFFICACY OF PROPRIETARY REPELLENTS. 

Lindsey (1903), at the Massachusetts Agricultural Experiment 
Station, tried out 10 proprietary fly repellents. He found that four 
were quite satisfactory, four others were less satisfactory, and two 
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were unsatisfactory. The chief defect of the second group seemed 

to be that they were not lasting. It is stated that these fly repel- 
lents are sold at retail from $1 to $1.50 a gallon. 

POWDERS AS REMEDIES. 

Smith (1889), of the New Jersey Agricultural Experiment Sta- 
tion, found by experiment that two powders were adapted for de- 
stroying hornflies and stable flies, namely, pyrethrum powder and 
tobacco powder. Pyrethrum acted promptly, but was objectionable 
from a practical standpoint because of its expense and because it 
lost its strength soon after application. Tobacco was found very 
much more satisfactory though the killing power was less. He 
recommended a proprietary powder having for its base tobacco dust 
and containing crude carbolic acid or creosote. The method of pro- 
tecting cattle from the hornfly that he suggested was to apply 
carbolated fish oil to the belly, udder, and those parts of the animal 
where powder could not well be used, and to apply tobacco powder 
to the base of the horns, the back, and at the root of the tail. The 

effect of the oil is to repel and that of the tobacco to kill flies that 
attempt to feed. 

OILS AS REPELLENTS. 

Almost any kind of oil, whether it has a pungent or disagreeable 
odor or not, will repel flies to a certain extent. The mere physical 
condition of the hair and skin of an animal treated with oil seems 
to be repugnant to flies. Oils are used pure or in the form of an 
emulsion, or in combinations or mixtures. Crude petroleum, cot- 
tonseed oil, fish or train oil, and light coal-tar oil may be used pure. 

Crude petroleum may be used in the form of an emulsion. The 
formula and method of preparing it so as to make 5 gallons of 
80 per cent emulsion are as follows: 

aCe SOR Diss 2. See ee a eee ee eee 1 pound. 

SOnUMWateh a2 ea 23 es ee eee ee eee 1 gallon. 

Beaumont crude: petroleum i_2 2) 2. = 4 gallons. 

In preparing the emulsion the soap should be shaved up and 
placed in a kettle or caldron containing the required amount of 
water. The water should be brought to a boil and stirred until the 
soap 1s entirely dissolved. Enough water should be added to make 
up for the loss by evaporation during the process. The soap solu- 
tion and the required amount of oil are then placed in a convenient 
receptacle and mixed either by stirring or by means of a spray 
pump. If properly prepared the stock emulsion will keep indefi- 
nitely. When required for use the stock emulsion should be diluted, 
one part of the emulsion to three parts of water being used. The 
diluted emulsion does not remain uniformly mixed, so if allowed to 
stand it should be thoroughly mixed by stirring before using. 
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Jensen (1909) recommended the following mixture containing 
_crude petroleum for dairy cows. He states that it remains on cattle 
for at least a week. 

Common laundry Soap ee os ee eae ae ee 1 pound. 

“WYER Se sp NIAC EG Og AO 4 gallons. 

(IE Sree OLE wee ae RS a 1 gallon. 

OW OTe Gh era capo Nate ry ei ee es ah 4 ounces. 

Cut the soap into thin shavings and dissolve in water by the aid 
of heat; dissolve the naphthalin in the crude oil, mix the two solu- 
tions, put them into an old dasher churn, and mix thoroughly for 15 
minutes. The mixture should be applied once or twice a week with 
a brush. It must be stirred well before being used. 
A mixture of cottonseed oil and pine tar in the proportion of two 

parts of the former to one part of the latter has been recommended 
to relieve cattle of flies. 

Fish or train oil is generally rated as one of the best repellents. 
Its protective action is said to last from two to six days, depending 
on the temperature and humidity. A great many mixtures have 
been recommended in which fish oil occurs as an important ingre- 
dient. Moore (1903) recommended the following mixture for use 
on dairy cows: 

DEBS Ta UD 2 a ES at 2 ae Ya LCE a ae ee 100 parts. 

Onl MOt tate ON eo ee obs SRNR ery 50 parts. 

Crudeccarb ole se uCles a Ne a ys ae ik ae a 1 part. 

The cost of the mixture was about 35 cents per gallon. The mix- 
ture was applied with a small hand spray pump. One application 
was effective for two days. 
Bishopp (19138) gives the following formula for a mixture that is 

said to be very effective in keeping flies from live stock, when applied 
lightly: 

DENSUSV OY = OD Es a ee Se 1 gallon. 

OiUot tare: 2) ED SS 302008 en lS 2 ounces. 

OUROESMPeMMY Oya et ee Oe es 2 ounces. 

TES (ST ROYSY SH OVS os a + pint. 

Parrott (1900), at the Kansas Agricultural College, found that 
repellents were not as effective in Kansas as they were said to be in 
other States. Fish oil was effective for less than two days. 

The following formula is recommended by him as being as effec- 
tive as fish oil, and at the same time cheaper and more lasting: 

Puliverized) resimne 222 25 bass eee 2 parts (by measure). 

Sa aS Hav SS Be ee 1 part. 

NUVI WS a eg A RN % part. 

BEETS Ts 0 ae ee Alig eI ea MS 1 part 

OTOL say eS ME A a se ES ip 2 ae EE 1 part 

VE(S ECO YSK EY OY Se a a ae ea Se 1 part 

VV eUib@ Te Mise ASU ilion Ua ene) ee 3 parts 

51293°—Bull. 181—14—_2 
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Place the resin, soap shavings, the one-half part of water, and fish 
oil together in a receptacle and boil until the resin is dissolved. 
Then add the 8 parts of water, following with the oil of tar mixed 
with the kerosene. Stir the mixture well and allow it to boil for 
15 minutes. When cool the mixture is ready for use and should be 
stirred frequently while being applied. Application should be made 
with a brush. One-eighth to half a pint is required for each animal. 
The cost of the mixture is given as 30 cents a gallon. 

The present writer has not made or used the above repellent. Its 
formula and method of preparation’ seem too complex for wide 
use. It would appear that great caution should be exercised in boil- 
ing the mixture because of the inflammability of some of the in- 
gredients. ; 

The same author recommends the following formula for horses. 
It is said to be effective for three to four hours and even longer: 

sho tea Su eee ee 1 ee ee 2 quarts. 

Carbolic-acid | (crude)222 "2" =. 2 es ee 1 pint. 

IRennynoy asec set eee 8 ee eee 1 ounce. 

OuGorotan=a= 226 == sek es he CR ee ee ee 8 ounces. 

ICnOSen Ge a2 ates a ae eee oe ee eee ed *1% quarts. 

The cost is given at about 80 cents a gallon. The mixture must be 
applied with an atomizer and not with a brush. 

Carlyle (1899), of the Wisconsin Experiment Station, states that 
fish oil to which is added a little oil of tar and a little sulphur will 
serve to protect cows from hornflies for four to five days if the 
weather is fine. He states that none of the remedies seem to be 
effective against the stable fly an hour after being applied. 

Otis (1904) recommends a repellent worked out by the entomologi- 
cal department of the Kansas station. The formula is as follows: 

HUGS Ln ef aeeon ci Se ae es Se eee 14 pounds. 

Mauna ry SO0ap = 22a ee ee Se 2 cakes. 

Shi Ol 2 Aa 2 eee ee eee 2 ee 4 pint. 

Watersenough to. make*"#)=) 2 =e es 2 ee 3 gallons. 

Dissolve the resin in a solution of soap and water by heating. 
Add the fish oil and the rest of the water. Apply with a brush. If 
to be used as a spray, add one-half pint of kerosene. The cost is 7 to 
8 cents a gallon. 

Fish oil containing a small admixture of carbolic acid has been 
used with good success as a repellent. 

Lindsey (1903), at the Massachusetts Agricultural Experiment 
Station, found light coal-tar oil quite satisfactory. This oil is de- 
scribed as the lighter of two oils derived from tar. It is a dark, 
thin oil with a strong creosote odor, It was applied as a spray. 

1Or enough to make 1 gallon of mixture. 
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Kerosene mixed with cottonseed oil or in the form of an emulsion 
may be used for repelling flies. Spencer (1904), at the Virginia 
station, used an emulsion of kerosene in a special spraying apparatus 
for destroying the hornfly. The formula and method followed in 
preparing the emulsion are given below: 

WellOws SOD eset ou ue wee A LS SNR A i as % pound. 

S Ona bere s oe she Ui aries See Tee a 1 gallon. 

FSMER OSES |OUR E Mes oe ee AU a Rs 2 se Sel 2 gallons. 

Shave the soap fine and dissolve in water at boiling: temperature. 
Place the kerosene in a barrel, add the hot-soap solution, and by 
means of a spray pump agitate for 15 to 20 minutes, or until emulsi- 
fication is complete. One gallon of water is added to prevent the 
solution becoming thick. This is a stock solution and should be 
diluted in the proportion of 1 to 5 of water. The diluted emulsion 
tends to separate, so only the amount needed should be diluted each 
time. 

It is stated that at the Virginia Agricultural Experiment Station 
daily sprayings for a period of two weeks reduced the hornflies to 
a point of insignificance. The flies were killed in passing through — 
the spray. 
A milk emulsion of kerosene may be made as follows: To 1 part of | 

milk add 2 parts of kerosene and mix by means of a force pump, or | 
in some other way. The creamy emulsion that results is to be diluted 
with 8 or 10 times the bulk of water. 

Mayer (1911) found that laurel oil applied to the skin of cattle and 
horses repelled the flies. The oil produced an inflammation of the 
skin in some of the tests. The oil applied to bedsores of horses re- 
pelled the flies and produced no change in the sores. 

Laurel oil and linseed oil in the proportions of 1 to 10 repelled 
flies from a bedsore on the foreleg of a horse for five days. The 
entire right side of a horse was rubbed with the oil. No flies were 
seen on the right side and great numbers were present on the left 
side. The action lasted for 12 days. A light application of oil to a) 
horse was effective for only two days. This mixture vroduced no 
inflammation of the skin. 

The following mixture was also tested by Mayer: Laurel “oil. 
part; dilute alcohol, 4 parts; and olive oil, 5 parts. , In® place’ of, 
dilute alcohol denatured alcohol with water may be used,* and im 
place of olive oil linseed oil may be used. The mixture was tried on 
horses, but the results were not so good, as the mixture did not stick. 
The action lasted five days. 

Rancid oil should not be used on account of its irritating action. 



12 BULLETIN 131, U. 5. DEPARTMENT OF AGRICULTURE. 

REPELLENTS FOR APPLICATION TO WOUNDS. 

Jensen (1909) gives three formulas of repellents for application 
to wounds: 

Formula No. 1: 

OUlsoL tart 24 See Pee eee ee Ae eee S ounces. 

Cottonseed oil to make_~-==—.._~___-______ 5 32 ounces. 

Formula No. 2: 

Powdered naphthalin__=- 2205 - = 2. 5 2 ounces. 

ELydroussw.oolhtatss2 ee. ile ae ae Fe eee 14 ounces. 

Mix into an ointment. 

Formula No. 3: 

Coallh ater? 2 a sae ee a =-=.--_-_ 12; ounces: 

Carbon disulpi Qa e225 S ge _ 4 ounces. 

Mix; keep in a well-stoppered bottle and apply with a brush. 

Mixtures Nos. 2 and 3 are said to adhere to moist surfaces, and No. 
3 is said, in addition, to form a coating over raw surfaces and protect 
fram the screw-worm fly. 

The editor at the close of the article in which the above formulas 

are given adds the following formula: 

Oil, Ok turpentine. = Sas — ee ee eee 1 dram. 

eNO Ole na coke ee ee ee ee Se ee Se 1 dram. 

Cottonseed oil sto makes. A eee eee 4 ounces. 

Mix and apply freely to wounds. 

It is stated that this remedy is highly effective and is used widely 
in the South. It is said to induce healthy granulation of wounds. 

EXPERIMENTAL TESTS OF VARIOUS SUBSTANCES AND MIXTURES 

FOR REPELLING FLIES. 

For the purpose of determining the efficacy of various substances 
and mixtures for repelling flies, a number of tests were made by the 
present author at the Bureau of Animal Industry Experiment Sta- 
tion during the summers of 1912 and 1913. The results of these tests 
are given below. In making various mixtures for the purpose of trial 
the plan adopted was to combine a pungent or odoriferous substance 
with an oil which served mainly as a vehicle. 

CRUDE CARBOLIC ACID.! 

The following tests were made with 10 per cent crude carbolic acid 
in cottonseed oil: 

On July 22, 1912, a calf was sprayed with a mixture of 10 per 
cent crude carbolic acid in cottonseed oil. About 2 quarts of the 
mixture were applied. The calf was discovered down about 7 to 10 

1A sample of the crude carbolic acid used in these tests was examined in the Bio- 

chemic Division of the Bureau of Animal Industry, and was found to contain 21.8 

per cent phenols. 
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minutes later with symptoms of carbolic-acid poisoning. There was 
salivation, dyspnea, trembling, paralysis, inability to rise, rapid 
breathing, and rapid and irregular beating of the heart. 

Another calf was sprayed on the same date with about 14 quarts 
of the mixture. The calf showed distinct symptoms of carbolic-acid 
poisoning in 6 minutes. It showed a tendency to fall in 8 min- 
utes, and fell in 14 minutes. The symptoms in the order in which 
they occurred were: Salivation, dyspnea; muscular tremors, loss of 
muscular control, and finally motor paralysis. The breathing was 
rapid and shallow. 

It was necessary to destroy both of the animals. 
July 15, 1913, applied the mixture to a calf by means of a brush. 

Used 22 ounces of the mixture. The repellent action was very 
marked. July 16, about 18 hours later, the animal was worried as 
much.-by flies as were the controls. Oil was present only along the 
back. There was only a very faint odor of carbolic acid. The pro- 
tection was practically nothing. There were no symptoms of poi- 
soning. 

The results obtained with crude carbolic acid may be summarized 
as follows: In the case of the first two calves treated it shows that 
carbolic acid in cottonseed oil is absorbed through the skin. It is 
well known that carbolic acid, when combined with oil, loses its 
caustic properties, but its toxic properties still remain, as evidenced 
by the above cases of poisoning. It seems certain that in the case of 
any such mixture, no matter how small the content of carbolic acid, 
a certain amount of the same must be absorbed. The amount ab- 
sorbed will depend, other things being equal, on the amount of the 
mixture applied. In the third test that was made, the same strength 
(10 per cent) mixture was used, but it was applied with a brush and 
only to the amount of 23 ounces. There were no symptoms of poison- 
ing. It is therefore evident that a 10 per cent mixture of crude car- 
bolic acid (21.8 per cent phenols) in cottonseed oil may be used with 
safety if the application is very light. It is undoubtedly true that 
a very much weaker mixture of carbolic acid if applied liberally 
would produce toxic symptoms. 

The repellent action of this mixture, however, does not endure. 
Its action was very marked at first, but lasted’ less than 18 hours. 
It would be necessary therefore to apply this mixture every day. In 
order to ascertain whether daily applications of the mixture could 
be made without danger to the animal, a calf was treated with this 
mixture on October 2, 3, 4, 6, 7, 8, 9, 10, 11, and 18. The mixture was 
applied with a brush. There were no symptoms of poisoning or other 
untoward results. 
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PINE TAR. 

TEN PER CENT PINE TAR IN COTTONSEED OIL, 

July 29, 1912, sprayed a cow with 10 per cent of pine tar in cotton- 
seed oil. Used 34 quarts of the mixture. 

July 30, the cow was looking droopy. The ears were hanging. 
July 31, the hair was still oily. There was no odor of tar. The 

animal was bright and perfectly normal. No hornflies were observed. 
A few stable flies were present on the legs and body. The animal 
was not fighting the flies, whereas unsprayed animals were con- 
stantly switching their tails. 

August 1, some oil was still present. Some stable flies were pres- 
ent, especially on the legs. Animal does not fight flies as much as 
do the untreated animals. 

August 3, oil still present on the back, croup, and thighs. , It is 
very sticky. There is little or no protective action. 

TWENTY PER CENT PINE TAR IN COTTONSEED OIL.’ 

July 15, 1913, treated a cow with 20 per cent pine tar in cotton- 
seed oil. Used 54 ounces of mixture. It was applied with a brush. 
The protection was marked but not quite so effective as either 10 per 
cent crude carbolic acid or 10 per cent oil of tar in cottonseed oil. 
July 16, about 18 hours later, the cow fought flies as much as did 
the controls. There was some oil present on the neck, back, and on 

the fore legs. There was no odor of tar. There was little or no pro- 
tective action evident at this time. & 

- 

A HALF-AND-HALF MIXTURE OF PINE TAR AND COTTONSEED OIL. teen 

July 31, 1912, sprayed a calf with a half-and-half mixture of pine 
tar and cottonseed oil. Used about 2 quarts of fluid. The mixture 
was too thick to spray well in pump. The animal was sprayed very 
unevenly and some spots were not covered. Two types of nozzles 
were used, but a satisfactory spray was not developed. 
August 1, there was plenty of oil present and also an odor of tar. 

Tar was visible here and there on the hair. No flies were observed. 
August 8, some oil was still present. There was a slight odor of 

tar. A repellent action was still noticeable on the back, croup, and 
thighs. 

July 31, a second calf was sprayed. Used about 2 quarts, which 
was not enough to cover the animal properly. 

August 1, there was plenty of oil present, and there was a strong 
odor of tar. No flies were observed. 

August 3, the oil and tar odor still present. A distinct repellent 
action on stable flies was still noticeable. 
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FIFTY PER CENT PINE TAR IN BEAUMONT OIL. 

August 19, a cow was treated with 50 per cent pine tar in Beau- 
mont oil. The mixture was applied with a brush. 

August 20, the mixture had been rubbed off the sides and abdo- 
men. The odor of tar was still present. The hair was rather untidy. 
Flies were present only on underside of abdomen. 
August 21, the cow was stiff. The mixture was still present on the 

back. There was no repellent action. 

SUMMARY OF RESULTS WITH PINE TAR. 

It is noted from the first test made that a liberal application of 
10 per cent pine tar in cottonseed oil caused the animal to look 
droopy. It is probable that this was due to a toxic action of the tar. 
The odor of the tar had disappeared on the second day following the 
treatment. The repellent action lasted for three days. Some oil 
was present five days after the treatment. 

In the test in which 20 per cent of pine tar was used, the mixture 
was applied with a brush and only 54 ounces were used. The repel- 
Jent action was marked, but not so great as in the case of 10 per 

cent crude carbolic acid or 10 per cent oil of tar. The repellent ac- 
tion lasted less than 18 hours. The odor of tar had disappeared at 
that time. 

In the third test in which a half-and-half mixture of pine tar and 
cottonseed oil was used, the mixture was applied liberally by means 
of a spray pump. The repellent action lasted more than three days 
in the case of both animals treated. The mixture is too thick to be 
used in a spray pump. 

In the last test, in which a half-and-half mixture of pine tar and 
Beaumont oil was used, the repellent action lasted less than two 
days. This mixture had a detrimental effect in that it caused the 
animal to become stiff. 

There seems to be no danger to animals in applying tar in cotton- 
seed oil for the purpose of repelling flies. In the first test there 
were slight symptoms of poisoning, but the amount of 10 per cent 
mixture applied (34 quarts) was much more than would ever be 
applied to an animal to protect it from flies. 

It is evident from the second test that when a pine-tar-cottonseed- 
oil mixture of moderate strength is applied in quantities such as it 
is economical to use, the applications will have to be made every day 
in order to provide protection. 
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OIL OF TAR.1 

TEN PER CENT OIL OF TAR IN COTTONSEED OIL. 

July 22, 1912, sprayed a calf with 10 per cent oil of tar in cotton- 
seed oil. Used about 2 quarts of the mixture. 

July 28, the oil was still evident. No hornflies were observed. 
Stable flies were seen to light on the hair but left immediately. Some 
stable flies were seen on the legs of the animals. 

July 25, the odor of the oil of tar had entirely disappeared. The 
hair was still oily but flies were seen to-light on the oily spots. 

July 29, there was no oil present. 
July 15, 1913, applied 33 ounces of the mixture to a calf by means 

of a brush. The repellent action was very marked. 
July 16, about 18 hours later, the calf did not fight the flies quite 

so much as did the controls. There was no odor of tax. There was 
a very slight evidence of oil on the sides and back but no repellent 
action could be observed. 

HALF-AND-HALF MIXTURE OF OIL OF TAR AND COTTONSEED OIL. 

August 22, 1912, sprayed a calf with a half-and-half mixture of oil 
of tar and cottonseed oil. Used about 2 quarts of tlie mixture. The 
animal almost immediately began to show signs of sickness. The 
eyes were half closed. The skin about the eyes, on the face, and at 
the corners of the mouth was wrinkled. There was slight salivation. 
These symptoms were followed by a slight swaying in the hind quar- 
ters when the animal walked. Finally the gait became staggering 
and the animal fell from time to time and arose again only with the 
greatest difficulty. 

August 26, when the next observation was made, the animal had 
entirely recovered. There was no repellent action noticeable. 

TEN PER CENT OIL OF TAR IN BEAUMONT OIL. 

July 22, 1912, sprayed a calf with 10 per cent oil of tar in Beau- 
mont oil. Used about 2 quarts of the mixture. 

July 23, oil was present on the hair. There were a very few stable 
flies on the legs. No hornflies were observed. 

July 25, more oil was present on the hair than in the case of a 
calf sprayed on the same date with a mixture in which cottonseed 
oil served as the base. 

July 29, oil was present on the back and rump. No hornflies were 

observed. 

1A sample of the oil of tar used in these experiments was examined in the Biochemic 

Division of the Bureau of Animal Industry and was found to contain phenols, volatile 

with steam, 14 per cent. 
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August 7, 1913, a calf was treated with 10 per cent oil of tar in 
Beaumont oil. The mixture was applied with a brush. The repel- 

lent action was marked. 
August 8, no odor of tar was noticeable. The oil was rubbed off the 

abdomen, the sides, and outside of the thighs. Some stable flies were 
present on the legs. Only a very few hornflies were present. 

FIFTY PER CENT OIL OF TAR IN BEAUMONT OIL. 

August 19, 1913, a cow was treated with a mixture of 50 per cent 
oil of tar in Beaumont oil. The mixture was applied with a brush. 
There was a slight salivation, and the cow remained rather quiet fol- 
lowing the treatment. It seems certain that there were symptoms 
of phenol poisoning. 

August 20, the odor of the oil of tar was still present. Only a few 
stable flies were present on the legs. Other animals in the same pen 
were covered with flies. The mixture had disappeared from the 
sides and abdomen. 
August 21, the cow was a little stiff. Oil was still present on the 

back. The cow was protected very little from the flies. 

SUMMARY OF RESULTS WITH OIL OF TAR. 

In the first test with 10 per cent oil of tar in cottonseed oil the 
mixture was applied with a spray pump. About 2 quarts of the 
liquid were applied. The repellent action lasted less than three 
days. 

In the second test the mixture was applied by means of a brush, 
and 38% ounces were used. The repellent action, which was very 
marked at first, had nearly disappeared at the end of 18 hours. 

In the third test a half-and-half mixture of oil of tar and cotton- 
seed oil was applied with a spray pump. About two quarts of the 
mixture were used. There were symptoms of poisoning. The next 
observation was made four days later, at which time there was no 
repellent action. 

In the fourth test 10 per cent oil of tar in Beaumont oil was 
applied with a spray pump. About 2 quarts of the mixture were 
used. ‘There were no symptoms of poisoning. 

In the fifth test 10 per cent oil of tar in Beaumont oil-was applied . 
with a brush. On the following day the odor of tar had entirely dis- 
appeared and the repellent action had almost entirely ceased. 

In the last test 50 per cent oil of tar in Beaumont oil was applied 
with a brush. The protection lasted about two days. There were 
mild symptoms of poisoning and the animal became slightly stiff. 

The repellent action of 10 and 50 per cent of oil of tar in cotton- 
seed oil or in Beaumont oil is very marked, but when applied in 
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such quantities as it is economical to use the action lasts less than 
a day when cottonseed oil is used, and about two days when Beau- 
mont oil is used. As shown by the third test, 50 per cent oil of tar 
is dangerous when applied in large quantities. 

The last test shows that 50 per cent oil of tar in Beaumont oil 
when applied in small quantities with a brush is also dangerous. 
The increase of the content of oil of tar from 10 to 50 per cent does 
not seem to increase the duration of the repellent action materially, - 
as indicated by tests 1 and 3, but the 50 per cent Beaumont oil mix- 
ture protected twice as long as the 10 per cent mixture.. 

For the purpose of determining whether daily applications of 10 
per cent oil of tar in cottonseed oil would. produce poisoning or other 
untoward results, a calf was treated with the mixture on October 2, 
8, 4, 6, 7, 8, 9, 10, 11, 138, and 14. The mixture was applied with a 

paint brush. No symptoms of poisoning resulted, and the skin 
remained unaffected. 

THE MOORE FORMULA. 

October 4, 1912, a calf was sprayed with the following mixture: 

SESS Ts 1 ee 0 ace ieee cape ee ee ee ee 100 parts. 

C01 MC) ii ihe ees ee ek eae ie, A ye ep eee ae ever a 50 parts. 

(Onpio co lexerers ue ofeNies pW cig Ee oe Se 1 part. 

About three quarts of the mixture were used. The animal appeared 
sick after being sprayed. It was restless and there was salivation. 

October 7, the animal was very oily. There was present an odor 
of tar and an oil. Flies were still repelled. 

July 16,1913, a bull calf was treated with the above mixture, which 
was applied ith a brush, and 6 ounces were used. The repellent 
action was marked. There were no symptoms of poisoning. 

It is noted from the first of the above tests that the application of 
the Moore mixture in large quantities is dangerous. Such a liberal 
application, however, would never be made in practice. The repel- 
lent action was still evident on the third day. In the second test a 
small quantity of the mixture was applied to a calf by means of a 
brush and no symptoms of poisoning resulted. 

TEN PER CENT OIL OF CITRONELLA IN COTTONSEED OIL. 

June 19, 1913, a calf was treated with 10 per cent oil of citronella 

in cottonseed oil, applied with an atomizer. A few hours later all 
protection had ceased. 

July 2, 1913, the above calf was again sprayed. An hour or so 
later a repellent action was still noticeable. The calf was not trou- 
bled much with flies as compared with the untreated animals. 

July 3, 1913, a cow was sprayed. Used 14 ounces. There was a 
very marked repellent action, but an hour or so later this had become 
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greatly reduced. There was a very slight odor of citronella at that 
_ time. 

July 10, 1913, applied the mixture to a cow by means of a brush. 
Used about 6 ounces of oil. July 11, about 22 hours after applica- 
tion, oil was present on the neck and along the back. There was 
no odor of citronella. There was little or no protection as indicated 
by the presence of many hornflies on the underside of the abdomen, 
and the presence of many stable flies on the legs. 

Tt is noted from the above tests that the mixture used is a powerful 
repellent, but that its effect does not last more than a few hours. 

TEN PER CENT OIL OF SASSAFRAS IN COTTONSEED OIL. 

June 19, 1913, a mixture of 10 per cent oil of sassafras in cottonseed 
oil was applied to a calf by means of an atomizer. There was a pro- 
nounced repellent action which, however, had disappeared at the 
end of a few hours. 

July 2, 1913, the same calf was again treated. An hour or so later 
a repellent action was still present. The calf was troubled very 
little with flies as compared with the other animals. July 3, there 
was no odor or protective action noticeable. 

July 3, 1918, treated a cow with the mixture. Used about 3 ounces. 
The repellent action was marked. An hour or so later the repellent 
action was greatly reduced and there was no odor of sassafras. 

July 10, 1913, applied the mixture with a brush to the above cow. 
Used about 54 ounces. July 11, about 22 hours later, a little oil was 
present on the neck, withers, and just behind the withers. Many 
hornflies were present on the front legs and on the underside of the 
abdomen. 

The above tests show that the mixture has a marked repellent ac- 
tion, but that this only lasts for a few hours. 

TEN PER CENT OIL OF CAMPHOR IN COTTONSEED OIL. 

June 19, 1913, a mixture of 10 per cent oil of camphor in cotton- 
seed oil was applied to a calf by means of an atomizer. A few hours 
afterward some protective action was still noticeable. 

July 2, 1913, the same calf was again treated. An hour or so later 

the calf was still protected from flies. 
July 8, 1913, no protection was noticeable in the case of the above 

calf. A cow was sprayed with the mixture. Used 24 ounces. There 
was a marked protective action. An hour or so later the protective. 
action was greatly reduced. There was no odor of camphor. 

July 10, 1913, applied the mixture tc the above cow with a brush. 
Used 5 ounces. July 11, about 22 hours after application, a little 
oil was present on the neck and along the back. There was no odor 
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of camphor. Some hornflies were present and many stable flies were 
on the legs. 

The immediate protection rendered by the above mixture is 
marked, but its action lasts only for a few hours. 

HALF-AND-HALF MIXTURE OF KEROSENE AND COTTONSEED OIL. 

August 7, 1913, a cow was treated with a half-and-half mixture 

of cottonseed oil and kerosene. The mixture was apphed with a 
brush. The flies were repelled. 

August 8, the oil was rubbed off the sides, abdomen, and the out- 
side of the thighs. Very few flies were present. 

KEROSENE EMULSION. 

August 21, 1913, treated a cow with kerosene en:ulsion made ac- 
cording to the formula on page 11, diluted 1 to 8. The emulsion had 
only a very slight repellent action. 

BEAUMONT OIL. 

August 7, 1913, a calf was treated with Beaumont oil. The oil was 
apphed with a brush. The repellent action was marked. August 
S, the oil had been rubbed off the abdomen, the sides, and the outside 
of the thighs. Stable flies were present on the legs. There was 
plenty of oil present on the neck, shoulders, and back. There were 
no hornflies on the animal, although they had been numerous the 
day before. 

FISH OIL. 

July 22, 1912, a calf was sprayed with fish oil. About 2 quarts of 
the oil were used. July 23, the oil was present on the hair. Flies 
frequently lit on the animal but left almost immediately. A few 
stable flies were noted on the legs. No hornflies were observed. 

July 25, considerable oil was still present. Some flies were seen 
to ight on and crawl over the greasy hair. There was a very slight 
fishy odor. 

July 29, oil was present on the back and rump. No hornflies were 
observed. Stable flies were observed on the legs. 

August 6, rear portion of body very sticky and dirty. There was 
a loss of hair in spots on the back and sides. 

July 15, 1918, applied fish oil with a brush. The protection was 
very marked. July 16, about 20 hours later, there was an abundance 
_of oil present on the upper half of body, and a repellent action was 
noticeable in this region. There was still a very slight amount of oil 
on the legs, but it was not sufficient to keep the flies off. 

In the first test with fish oil the oil was applied by means of a 
spray pump. Two liters were used. The repellent action lasted be- 
tween one and three days. The liberal application of the oil caused 
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the hair to become sticky and dirty in places. There was also a loss 
of hair. These unfavorable results were not noted in the second 
test, in which a light application of oil was made with a brush. 

LAUREL OIL. 

June 19, 1913, a calf was rubbed with laurel oil. The protection 
was very med. 

July 2, 1913, the oil was applied to a calf with a paint brush. 
There was a very marked repellent influence on both the hornflies 
and the stable flies. An hour or so later the repellent action was 
only very slightly reduced. 

July 3, 1913, the same calf was treated. Used about 2 ounces. 
The mixture was applied with a paint brush. The repellent action 
was marked. 

July 10, 1913, applied the oil with a brush to all parts of the body 
except the head. Used 5 ounces. July 11, about 22 hours later, 
there was an abundance of oil present on body and neck. There 
were no flies on the body and neck. Some stable flies were present 
on the legs. 

July 15, 1913, a severe exfoliation was noted on the shoulders and 
neck. There was a slight exfoliation on the head. A similar ex- 
foliation was noted on the withers shortly after the first treatment 
on June 19. 

August 19, 1913, a calf was treated all over with laurel oil. Appli- 
cation was made by means of a brush. 

August 20, there was an abundance of oil present. It was rubbed 
off the abdomen. ‘The repellent action was marked, but the odor of 
the oil was not as strong as at first. 

August 21, some oil was present on the back and sides. There was 
a repellent action still evident. 

August 7, 1918, a cow was treated with 10 per cent laurel oil in 
cottonseed oil. The mixture was applied with a brush. The repel- 

lent action was marked. 
August 8, oil was present on the neck, shoulders, and back. It was 

rubbed off the sides and abdomen. There was no odor of laurel oil. 
Stable flies were present on the legs. Hornflies were present on the 
abdomen where the oil had been rubbed off. 

Laurel oil has a very marked repellent action on both hornflies and 
stable flies. No observations were made to determine the limit of the 
duration of the repellent action, but it undoubtedly as a rule con- 
tinues for several days. On account of the fact that the oil has a 
tendency to produce an exfoliation of the skin it should be applied 
very lightly to the hair. As indicated by the last test, in a 10 per 
cent mixture of laurel oil and cottonseed oil the laurel oil disappears 
by evaporation in less than 24 hours. 
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July 25, 1912, a cow was dusted with pyrethrum powder along 
the neck and back. Used about 24 ounces of powder. Flies were 

observed to light frequently on the treated portions of the body and 
remain for a time. 

July 26, an attendant reported that there was plenty of powder 
still present and that it seemed to repel the flies. 

August 9, 1913, pyrethrum powder was applied to the skin of a 

cow. The repellent action was very marked. August 10, only a very 
slight protective action was noted. 
Pyrethrum powder when applied to the skin of cattle has a very 

marked repellent action, but this lasts only for about a day. 

SUMMARY OF EXPERIMENTAL TESTS. 

The experimental tests are summarized in the following table: 

Summary of experimental tests. 

Substance used. 

10 per cent crude carbolic acid in cot- 
tonseed oil. 

10 per cent pine tar in cottonseed oil... 
20 per cent pine tar in cottonseed oil... 
50 per cent pine tar in cottonseed oil... 

D 
50 per cent pine tar in Beaumont oil. -- 
10 per cent oil of tar in cottonseed oil... 

50 per cent oil of tar in cottonseed oil. 
10 per cent oil of tar in Beaumont oil - -| 

D 
10 per cent oil of citronelia in cotton- 

seed oil. 

oil. 

ner D uration Bee z spot 
uration | of repel- ethod of cy 

of odor. lent SER. i application. Effect on animals. 
action. sles 

stance. 

Days Days. Days. 
deewininieiciate | safelmereaisere| Se casecmes Spray pump.| Phenol poisoning. 

Sea eae ciate |eroreie eleinieeta | Se ero isice Sal amici doves Do. 
1+ i- 1+ BSTushe = see None. 
2—- 3+ j— Spray pump.| Caused depression. 
1— 1-— 1+ Brush se. 2252 None. 
3+ i) Bae 3+ Spray pump. Do. 
3+ 3+ Bae eee ee do: 222. Do. 
2— 2— ee Brush]... Caused stiffness. 
3— 35 3+ Spray pump.| None. 
if ee lee Brush. ...... Do. 

ee a2 ote 4— --+---.-.-| Spray pump.| Phenol poisoning. 
Sees hak ca eee asc e 7+ bee OOreees aa Ones 

1— 1+ 1+ Brushec.e 222 Do. 
1+ 2 pe Sees do.......| Slight symptoms of 

poisoning. On 
second day ani- 
mal was stiff. 

3+ 3+ 3+ Sprayed..... Phenol poisoning. 
OSES. 2 | See at ot Cen ae Brush.......| None. 
eS Sa 1— See seme) COMmIZere = Do. 

1— 1+ Brush....... Do. 
1 Ee ae] aro reese Atomizer... Do. 

1 ae Ra eer el (oe dozaens. Do. 
1— 1+ IBTUSDe aso wee Do. 
ai | aha ke aha (yea ce ete Do. 

1 ee forse eo De Bee Atomizer... Do. 
1— 1— 1+ Brush... Do. 

a te 1+ See a OM Ones Do. 
1+ 1+ ) en eee dOs.e.2 Do. 

3+ 3— 7+ Spray pump.) Slight loss of hair. 
ahs acta | ee ee na | ee ees Brushes see i 

1+ 1+ De eke a do.......| Severe exfoliation. 
2+ 2+ 2 ees do.......| None. 
1— 1+ Le hel oeieine (oo petra Do. 

Rs ete verte 1+ 1+ Sac cidiceecisas Do. 
We scs ads ee ee er] Do. 
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GENERAL SUMMARY. 

_ The biting flies that annoy domestic animals most in this country 
are the stable fly, Stomoxys calcitrans, and the hornfly, Lyperosia 
irritans. The bot flies are not biting flies, but are a menace to do- 
mestic animals because of the parasitic habits of their larve. This 
is also the case with the screw-worm fly, Paralucilia macellaria, 
which deposits its eggs in wounds, and a bluebottle fly, Lucilia seri- 
cata, occurring in the United Kingdom and Holland, and certain 
species of Calliphora occurring in Australia, the larvee of which 
invade the wool and skin of sheep. 

Repellents are more or less effective against all of these flies. 
Opinions differ with regard to the injury by biting flies. The 

common opinion seems to be that these flies are responsible for great 
losses. However, a limited amount of experimental evidence relating 
to cattle seems to indicate that the losses, when they occur, are not 
great. 

The repellent action of certain colors has been noted by various 
investigators. Light-colored animals suffer less from flies than dark- 
colored ones. One author (Marre, 1908) has recorded the observa- 
‘tion of a farmer in France who found that a blue color applied to the 
inside of stables repelled flies. This observation seems to have re- 
mained uncorroborated. 

Potassium tellurate has been recommended by Ochmann (1911) 
as an internal remedy for repelling flies.) However, Mayer (1911) 
failed to obtain results with the remedy, and it seems safe to assume 
that internal remedies will never prove practicable in repelling flies. 

Liquid repellents may be applied by means of a dipping vat, a 
pail spray pump, an atomizer, or by means of a rag or a paint brush. 
The method to be employed depends on the individual preference 
of the farmer and the nature and cost of the preparation used. 

The powder remedies that have been used are pyrethrum powder 
and tobacco powder. 

Various oils, emulsions of oils, and mixtures of oils are used in 
repelling flies. Crude petroleum, cottonseed oil, fish or train oil, 
and light coal-tar oil may be used pure. Jensen (1909) recommends 
for dairy cows an emulsion of crude petroleum containing an admix- 
ture of powdered naphthalin. 

Fish oil is rated as one of the best repellents and has been used 
alone and in combination with various other substances. Other sub- 
stances that have repellent qualities and that have been used in vari- 

ous mixtures are pine tar, oil of tar, crude carbolic acid, oil of penny- 
royal, and kerosene. 

Jensen’s formula is said to protect cows for a week. The pro- 
tective action of fish oil is stated to range from less than two days 

cen ni 
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(Parrott, 1900) to six days. Moore’s formula is said to protect for 
two days. This mixture is safe when applied hghtly with a brush, 
but not when applied lberally with a pail spray pump. 

Laurel oil is a very effective repellent. Mayer (1911) found that 
the protection lasted from 2 to 12 days. The oil when used pure has 
an irritating effect unless it is apphed lightly. According to Mayer 
the irritating effect may be overcome by combining it with linseed 
oil in the proportion of 1 to 10. The present author found that 
10 per cent of laurel oil in cottonseed oil was active for less than a 
day. ; 
A number of formulas for repellents for application to wounds 

have been recommended by various authors. 
In experimental tests carried out by the present author the follow- 

ing results were obtained: 
A 10 per cent mixture of crude carbolic acid (21.8 per cent 

phenols) in cottonseed oil has a very strong repellent action on 
flies, but this lasts less than a day, in consequence of which it is nec- 

essary to apply the mixture every day. The mixture should be ap- 
plied lightly with a brush, since a heavy application with a spray 

pump is likely to cause phenol poisoning. 
Mixtures consisting of 10, 20, and 50 per cent of pine tar in cot- 

tonseed oil have marked repellent qualities. They should be applied 
lightly and it is necessary to apply them every day. A liberal ap- 
plication of a 10 per cent mixture is deleterious to animals. This 
is also the case with a half-and-half mixture of pine tar and Beau- 
mont oil when applied hghtly with a brush. 
A mixture of oil of tar (14 per cent phenols, volatile with steam) 

in cottonseed oil and in Beaumont oil has a very marked repellent 
action. A 10 per cent mixture of oil of tar in cottonseed oil is safe. 
A half-and-half mixture of oil of tar and cottonseed oil when ap- 
pled liberally with a spray pump and 50 per cent oil of tar in Beau- 
mont oil applied with a brush are not safe. Ten per cent oil of tar 
in Beaumont oil is safe. When applied lightly it is necessary to 
apply 10 per cent oil of tar in cottonseed oil or 10 per cent oil of tar 
in Beaumont oil every day. 

Mixtures of 10 per cent of oil of citronella, oil of sassafras, or oil 
of camphor in cottonseed oil are powerful repellents, but they are 
active for less than a day. 
A heavy application of fish oil causes the hair to become sticky . 

and fall out. A light application did not produce these results. 
Pyrethrum powder is an effective repellent, but its action lasts 

only for about a day. 
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CORRELATING AGRICULTURE WITH THE PUBLIC- 
SCHOOL SUBJECTS IN THE SOUTHERN STATES. 

By C. H. Lane, Chief Specialist in Agricultural Education and E. A. MiLuer, Assistant 
in Agricultural Education. 

PURPOSE OF THE BULLETIN. 

The club movement that is taking hold of the young life of our 
country promises to afford the teacher a most potent means of vital- 
izing the everyday work of the school. The problems of securing 
the interest of the pupil in the common-school branches, of teaching 
in an effective way farm economy, and of gaining the abiding inter- 
est of the school patrons seem to have in a large measure their solu- 
tion in the correlation of agriculture with the common-school branches 
by means of boys’ and girls’ clubs. It is the purpose of what follows 
to suggest some ways and means by which the rural or public-school 
teacher may utilize clubs in correlating agriculture and farm-life 
problems with the regular school work. 

In setting forth this correlation scheme the public-school classes 
are divided into two groups, the first group including grades one to 
five, and the second group including grades six to eight. This 
division is made for two reasons. In the first place, very few active 
club members will be found in the first group of grades, and the club 
influence in correlating the work with them will be largely incidental, 
while with the second group, in which most of the club membership 
will be found, the influence should be direct. In the second place, 
the incentives that stimulate pupils of the ages usually found in the 
first group are quite different from those that affect. the pupils found 
in the second group. That is to say, pupils below the age of 12 are 
influenced more by imaginative and cultural stimuli, whereas pupils 
above that age and usually found in the sixth, seventh, and eighth 
grades are appealed to more strongly by economic incentives. 

Notr.—This bulletin is prepared especially for the use of rural school teachers in the Southern States. 

65765°—Bull. 132—15 1 



2 BULLETIN 132, U. S; \DEPARTMENT OF AGRICULTURE. 

THE PLAN. 

The term ‘‘correlation’’ as used in this publication means nothing 
more nor less than leading pupils into the interpretation of their 
public-school studies by using things most familiar to them, such as- 
farm, home, and school-life facts and incidents. 

It will be observed that the material is arranged according to a 
monthly sequence plan. Nine months’ work is provided for, but 
in case the school term is not so long, as is generally true in rural 
schools, the work out of season may be dropped. Any feasible 
work suggested for months before or after the opening and closing 
of a school should be undertaken at seasons best suited to the local 
conditions. 

As suggested by the title of this publication, the correlation scheme 
is intended to be adapted to the southern section of the United 
States. Covering, as it does, a large territory, the scheme must be 

of necessity largely suggestive. The details, such as the statement 
of problems, working of subjects in language exercises, etc., should 
be left to the teacher. The gathering of local data as the basis of 
work should be intrusted in a large measure to the club members 
of the school. This is a point at which the teacher can secure the 
cooperation and interest not only of the pupils but of the patrons as 
well. When it is manifested that the school is to use the community 
problems and facts as the basis of its exercises there will be an awak- 
ening in school interest that will probably surprise even the teacher. 

HOW THE TEACHER MAY ORGANIZE A CLUB. 

As soon as possible after the school opens in the fall the teacher 
should write the county superintendent and the State agricultural 
college for all printed matter available pertaining to agricultural 
clubs. When the teacher has studied the literature and has become 
familiar with the plans, projects, rules, ete., of clubs, a meeting for 
organization should be called and should include as many boys and 
girls of the school district as can be brought together. It would be 
well to invite the patrons of the school to this meeting and have 
the farm-demonstration agent for your county give a talk on the agri- 
cultural-club movement. If possible, have your county superin- 
tendent of education and the woman in charge of girls’ canning clubs 
at this meeting and ask their aid in this organization work. Near the 
close of the meeting, which should not be too long, a simple form of 
constitution and set of by-laws may be adopted, and the regular offi- 
cers of the club elected at this time may include a supervisor, presi- 
dent, vice president, secretary, treasurer, and program committee. 

The following general form of organization has been found satis- 
factory: 
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SUGGESTED CONSTITUTION AND By-Laws.! 

CONSTITUTION. 

Articte I. Name of club.—This organization shall be known as .......- School 

Boys’ and Girls’ Agricultural Club. 

Art. II. Objects of club—The objects of the club shall be to make farm life more 

attractive and farming more profitable. 

Art. III. Membership.—Boys and girls from 10 to 18 years of age shall be eligible. 

Arr. IV. Officers —The officers of this club shall be a supervisor, president, vice 

president, secretary, and treasurer. 

Art. V. Duties of members.—Prescribed in the rules for contests, such as follow 

instructions, attend club meetings, make exhibits at the school and county fair, and 

keep a report of expenses, income, observations, and work. 

Art. VI. Duties of officers —The president shall preside at all meetings; the secre- 

tary shall keep the minutes and records of all such meetings; the treasurer must care 
for all funds collected and shall pay out the same only upon the written order of the 

president, and the vice president may act as president in the absence or disability 

of that officer. The teacher shall be supervisor, having the general supervision of 

all local club work and power of exercising authority in proper management of the 

club. 
Sec. 1. An advisory committee shall arrange for all public contests and exhibits, 

the procuring and awarding of prizes, and the reporting of statistics and other infor- 

mation to the State organizer. 

BY-LAWS. 

1. The members of the club shall agree to read all reference literature bearing 

upon the home project. This may include literature dealing with the growing of 
corn, cotton, potatoes, tomatoes, chickens, pigs, etc. 

2. A written plan of the work of each boy and girl must be prepared for the teacher, 

They must do all the work connected with the eco alee contest or project entered 

upon. 

3. The amount of yield by weight and measurement of land and other results of 

the spring and summer work must be certified to by the contestant and attested by 
at least one disinterested witness, preferably a member of the local school board. 

4, Every member of the club must make an exhibit at the annual school fair. 

5. In estimating profits, $5 per acre shall be charged as rent of land. The work of 

each club member shall be estimated at 10 cents per hour, and the work of each horse 

at 5 cents per hour. Manure shall be charged at the rate of $1 for each one-horse 
wagonload and $2 for each two-horse wagonload. 

6. No club member will be allowed to receive more than two prizes. 

7. The committee of judges for the annual school fair shall be selected by the 

teacher. 

8. Exhibits winning prizes at the school fair should be sent to the annual county 

contest and even to the State contest. 

9. All awards on farm crops shall be based upon the following score: 
Per cent. 

(@yaGreatestsyreldeper acre==:-.. sapere see 2 eae ere 30 

(a) eBestiexhivbutaes cress 2c) ee PT SPER ee Bate ss 20 

(c) Essay and report. - ace Seok eet Uris NO ere ete aera ta AN) 
(d) Best showing of Brot: on inv Gaament SRE RE Sa SRE te 30 

PR Cen eS ah epee ces eee es Seppe (es Aa ede E SS Veet le ELBE at pes ed i 100 

1 The teacher should write the State agent in charge of club work at the State agricultural college for sug- 

gestions concerning the organization and conducting of a boy’s and girls’ agricultural club. 
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PRIZES. 

The matter of prizes is of great importance. While the various 
contests of the club members have for their primary object the assist- 
ance of the teacher and the public schools to find an easy approach, 
educationally, to all the interests of rural and village life and to form 
a connecting lnk between parent and teacher, farm, and school, it is 

found that prizes are necessary to secure the best results. An attempt 
should be made to offer a large number of prizes. Among the prizes 
suggested by the Bureau of Plant -Industry as suitable awards in 
club contests, the following may be mentioned: 

(1) Free trips and expenses paid to district and State fairs, educational institu- 

tions, summer Chautauquas, etc. 

(2) Top buggy, saddle, gold watch, automobile, etc. 

(3) Clear title to one or more acres of land (to encourage land ownership). 
(4) Farm implements, tools, equipment, etc. 

(5) Thoroughbred pigs, cattle, horses, mules, pen of chickens. 

(6) Club emblems, banners, and pennants. 

(7) Manual-training workbench, set of toools, camera, trunk, leather handbag, 

writing desk, etc. 

(8) Poultry equipment, such as incubators, watering and feeding troughs, brooders, 
fencing, and gates. 

(9) Free tuition to short courses in agricultural and mechanical colleges and regu- 

lar courses in colleges. 

(10) Canvas tent, camp outfit, canoe, hunting equipment, baseball suit, and suit 

of clothes. 

(11) Dictionary, encyclopedia, set of agricultural books, special club library, series 
of books of standard literature. 

(12) Subscriptions to farm journals, magazines, and special periodicals for boys. 

School credit should be given to every member of the club who 
carries to completion some one club project. Every boy and girl 
should be taught the real meaning and value of a prize and that a 
realization of work well done is the true reward of effort. 

HOW TO KEEP UP THE CLUB INTEREST. 

The success of the rural school club depends largely upon the coopera- 
tion of the rural school teacher, county superintendent of education, 
farm-demonstration agent, and the State college of agriculture. 
Shortly after the club is organized in any rural school the teacher 
should submit the names of the members to the county superinten- 
dent of education, who will assist i furnishing the club with litera- 
ture directing them in the werk. The teacher will find it advan- 
tageous to have the county demonstration agent make talks before 
the school, as well as visit the contestants’ home projects as he makes 
his rounds from time to time. The teacher should visit the homes of 
all club members and, together with the boys and girls and any other 
members of their families, go to the prize acres, etc., and have the 
owners tell the methods of preparing the soil, fertilizing, and thus 
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far cultivating the crop. The results of such a trip will present much 
material for discussion at club meetings and regular class instruction 
in agriculture. For every school club there should be a local com- 
mittee of three men and three women who will encourage the chil- 
dren, interest influential members of the community in the club, 

and inspect from time to time the work of the club. 

THE SCHEME FOR GRADES ONE TO FIVE. 

In following the scheme for the first five grades it is suggested that 
as much practical work as possible be done in nature study and in 
the school and the home gardens. As many as possible of the facts 
for the various exercises should be secured from these two sources. 
If junior agricultural clubs are organized in the school the mem- 
bers should be able to render valuable service in making the cor- 
relation work successful. 

SEPTEMBER. 

LANGUAGE LESSONS. 

To develop the conversational powers of the younger children the language-lesson 

work may be supplemented by engaging them in conversation and putting tactful 

questions to them concerning the conditions of crops and the home-life problems. 

These are facts with which the children may readily familiarize themselves and con- 

cerning which they will feel free to speak. 

‘Slightly more advanced pupils may be exercised in relating stories concerning the 

home and the farm. The more advanced pupils of this group should be required to 

reduce their narratives to writing and unconsciously engage in composition work. 

Written descriptions of things seen on the monthly excursions to the woods and 

fields should be required. 

READING AND SPELLING. 

The following are suggested for supplementary work in reading during this month: 

The Hay Loft, R. L. Stevenson; Milking Time, Christina Rossetti; September, 

Helen Hunt Jackson; The Village Blacksmith, Longfellow; The Country Boy’s 

Creed, Edwin O. Grover; Solomon and the Bees, John G. Saxe; The Story of a Leaf, 

Rebecca Rickoff; and Garden Plants, A. B. Alcott. The adaptation of the foregoing 
to the different classes must be left to the teacher. Most of these articles will be found 
in any good system of public-school readers. 

The words in the supplementary work for the month having an agricultural bearing 

should be listed and assigned as lessons from time to time. The difficulty of any 

assignment should depend upon the advancement of the class. In the supplementary 

work of this month, for example, will appear such words as follow: Apple, juice, 
core, tree, leaves, limbs, peanut, ground pea, pindar, goober, vine, nodule, root, 

drill, seed, grain, potato, eyes, tomato, cotton, square, bloom, tobacco, acre, yield, 
stalk, fodder, ears, tassel. : 

DRAWING. 

Simple outline work of the various leaves found in the school or home garden, and 

parts of the plants and the fruit of the same should be done by pupils this month: 
Drawings of some of the simpler insects found in the garden, orchard, and fields should 

also be made. Adapting the work to the advancement of the pupils must be left to 
the judgment of the teacher. 
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HISTORY. 

Have the pupils learn from whatever source available the history of the plat of 

ground occupied by. the school building. In this connection have them give an 

account of the school buildings that have been used by the school district in the past. 

Such points as where they were, when built, and by whom should be covered by the 

account. Have the pupils also collect facts as to the principal school activities of 

the past, as to the teachers employed, their terms of service; as to the clubs organized, 
the prizes won, and the names of the winners. 

GEOGRAPHY. 

Have the smaller pupils prepare a sketch showing the outlines of the school ground, 

the location of the building, and the principal equipment in the building, the location 

of the trees, the playground, the school garden, walks, etc. Let the more advanced 

pupils follow this up with a study of the school district with regard to the location of 

the different crops grown. The pupils of the fourth and fifth grades should extend 

this work to the county. Outline maps should be prepared showing the location of 

the different crops grown and how the growth is affected by the character of soil and 

its topography. To indicate the crops grown and the location of other agricultural 

enterprises the outline map of the county should be filled in with seeds, pictures of 
animals, fruits, ete. 

ARITHMETIC, 

For the beginners the simple processes of counting, addition, subtraction, etc., 

should be taught by using the agricultural products of the school garden and the fields, 

such as apples, peas, small grains, potatoes, etc. Determining the number of peas in 

a pod, ina pint measure, an’d estimating the number in a bushel; estimating the num- 

ber required to plant an acre, either broadcast or in the drill, will give exercises for 

these processes. Similar exercises may be developed in connection with the other 

products mentioned. Exercises for more advanced pupils may be secured on excur- 

sions to the fields by taking measurements and counting the number of plants within 

the area taken and, with this as a basis, determining the number of plants per acre. 
By counting the number of ears of corn, bolls of cotton, fruits, or seeds of other crops 

within the area taken, the yield per acre may be estimated and the size and value of 

the crop determined. Such exercises may be multiplied almost indefinitely. 

EXCURSIONS AND PRACTICAL WORK. 

Weekly excursions with the pupils should be made to near-by fields, orchards, and 

forests with a view of gathering facts for the language and arithmetic exercises and 

making observations for the geography work. 

Practical work in gathering school-garden products and caring for the fall crops 

should be done. Collecting, grouping, and mounting helpful and harmful insects 

should be engaged in.! 

OCTOBER. 

LANGUAGE LESSONS. 

Conversations with younger pupils about the progress being made on the farms in 

harvesting crops should provide supplementary work for them. Brief written state- 

ments concerning their observations at home should be required. Of pupils of more 

advanced classes, narrations concerning their observations in connection with methods 

employed in harvesting should be required. After the stories have been related 

orally in class the pupils should be required to reduce them to writing. The more 
advanced pupils should write stories and descriptions concerning observations on 

excursions. 

1 See U. S. Dept. Agr., Farmers’ Bul. 606. 
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READING AND. SPELLING. 

The following are suggested for supplementary work in reading during this month: 

The Kitten and the Falling Leaves, Wordsworth; Evening at the Farm, J. T. Trow- 

bridge; The Corn Song, Whittier; That Call, Alice Cary; Autumn Leaves, George 

Cooper; Autumn, Edmund Spencer; Farmyard Song, J. T. Trowbridge, and Harvest 

Song, James Montgomery. 

List and assign the new words bearing on agriculture found in the correlating exer- 

cises of thismonth. The following are suggested as examples of words that will appear: 

Variety, crib, soil, plat, test, report, visit, fair, pumpkin, exhibit. 

DRAWING. 

The following are suggested for outline work in drawing: Ears of corn, grains of corn, 

open cotton boll, pumpkins, potatoes, and other field and garden products in season. 

HISTORY. 

Have each pupil, sufficiently advanced to do so, prepare a history of his homestead 

or place at which he resides, dating back as far as reliable information may be had. 

Special mention should be made of the farm improvement, the character of the crops 
grown and with what success, and the connection the home and the people have had 
with the agricultural and school development of the community. 

GEOGRAPHY. 

Have the younger pupils prepare an outline of the farmstead showing location of 
the house, outbuildings, garden, and orchard. Require them to use seeds and pic- 
tures to indicate the location of the permanent objects on the farm and to indicate the 

farm products and animals grown. 

Have the older pupils study the yields of the crops of the community as affected 
by elevation and character of soil. Let it be shown in each case where there are 
striking examples of good or poor yields whether it is due to the elevation or to the 
character of the soil. i 

Require the more advanced pupils of this group to plat a 5-acre piece of ground, 

locating the trees, streams, hills and hollows, houses, if any, crops grown, relative 

yields, and the different kinds of soil. 

ARITHMETIC. 

For the simpler processes with the younger pupils use shelled peanuts, finding the 

number of peas in a pod of each variety, the number in a pint, and estimate the num- 
ber required to plant given areas. Determine the number of rows of grain on an ear 

of corn, the number of grains in a row, and the whole number of grains on the ear. By 
using specimens of different varieties these exercises may be multiplied to meet the 
needs of the work. Similar processes with cotton seed and other garden and field 

crops may be developed. For more advanced pupils simple processes in the cost of 
material for farm buildings may be used. 

EXCURSIONS AND PRACTICAL WORK. 

Weekly trips to near-by fields for the purpose of observing methods of harvesting 

crops and seed selection should be made. In most sections of the South October is 

the month for county fairs. By all means let the teacher spend at least one day with 

his pupils at the fair for the purpose of studying the exhibits and taking notes. The 
agricultural exhibits at the fair should prove a source of splendid material for corre- 
lation exercises. 

Seasonable work in the school or home garden should constitute the practical work 
of the month. 
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NOVEMBER. 

LANGUAGE LESSONS. 

The farm stock, poultry, and implements, the roads to school, to church, and to the 
local market should provide material for conversation for the younger pupils. For 

the slightly more advanced pupils oral and written narrations on the foregoing sub- 

jects should be required. For the still more advanced pupils written descriptions of 

different breeds of poultry and stock and the farm implements should constitute the 
work. The condition of the roads to the county courthouse and to the principal 

county market should also provide material for written work. 

READING AND SPELLING. 

The following are suggested for supplementary work in reading for this month: 

November, Alice Cary; How the Leaves Come Down, Susan Coolidge; The Flight of 

the Birds, E. C. Stedman; Hunting Song, Coleridge; Cotton, Zitella Cocke; The 

Farmers’ Gold, Edward Everett; Indian Corn, Edward Eggleston; and To a Mouse, 

Robert Burns. 

List and assign the new words that appear in the correlation work of this month. 

Among these should be found such as follow: Poultry, chicken, duck, goose, turkey, 

ego, feathers, color, horse, swine, sheep, breed, calf, roads, market, produce, progress. 

DRAWING. 

Drawing for this month should consist of outlines of eggs, different kinds of poultry, 
farm animals, simple farm implements, split-log drag, etc. 

HISTORY. 

A history of marketing the community crops should be prepared consisting of such 

items as the following: Places at which sold, prices obtained, manner of transporting, 

condition of roads, cost of marketing, etc. For the more advanced pupils of this 
eroup a history of the methods of county road working, past and present road laws, 

should be studied. The extent to which the growing of crops in the different parts 

of the county has been affected by roads should be studied. A comparison of the 

home county with adjoining counties where conditions are better or worse should be 
made. 

GEOGRAPHY. 

A study of the effect of elevation on the maturing of crops should be made in. the 

school district and in the adjoining districts. The excursions for this month should 

be made to include observations of fields of different elevations to note the effect. A 
study should be made also of the influence of elevation on the kinds of crops that the 

community is able to grow. This study should be extended through the county and 
to the adjoining counties for the benefit of the more advanced pupils. 

ARITHMETIC. 

A profitable exercise for beginners is to have them count the number of farm imple- 
ments, stock, poultry, and things of ike character at their homes and report the same 

to the teacher in class. By finding totals of each variety or class and of all farm ani- 

mals and implements many exercises may be developed. For the more advanced 

pupils problems as to the cost of marketing crops on good and bad roads, taking into 

account the time, the size of the loads, and the life of wagons should be developed. 

Problems on the effect of good and bad roads on the price of land should be made. 

As a basis for these exercises values in different communities where roads are good or 

bad should be taken into consideration. It would be well during this month to 

develop problems on the cost of planting fruit trees and the value of their yields. 

° 
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EXCURSIONS AND PRACTICAL WORK. 

The excursions for the month witl be determined more or less by the correlation 

needs. Special attention should be given however to visiting farms of the community 
having improved breeds of poultry and swine. Where possible, excursions should 

be made to farms equipped with modern implements, and the names and uses of these 

implements learned. If there is no farm in the community affording this opportunity, 
a visit to an extensive hardware concern for this purpose should be made. Farm- 

supply catalogues should be ordered, and the names of farm implements and their 

uses learned. 
Seasonable work in the school garden should be done. Cuttings of shrubbery and 

fruits should be made and stored during this month. 

DECEMBER. 

LANGUAGE LESSONS. 

For the younger pupils conversations on corn and its uses, cottonseed and its by- 

products and uses, peanuts, peas, and the small grains and their uses should be 

engaged in. Oral and written narrations on visits to old-fashioned gins, water mills, 
and other out-of-date machinery should be required of the more advanced pupils. 
Written descriptions of old-fashioned looms, spinning wheels, mowing blades, etc., 

compared with the modern machinery substituted for them should also be required. 

READING AND SPELLING. 

The following selections are suggested for supplementary work this month: The 

First Snow Fall, Lowell; and The Origin of Roast Pig, Charles Lamb. For the 

younger pupils there are a number of interesting Mother Goose rhymes relating to 

agricultural subjects that may be used. 

List and assign the new agricultural terms found in the correlation work as spelling 
exercises for this month. As examples of words that will appear the following are 

submitted: Starch, meal, bread, flakes, oil, gin, wheel, machine. 

DRAWING. 

During this month it will be profitable to engage the pupils in drawing all kinds 

of farm-crop seed and weed seeds and learning to recognize them at sight. It will 

be interesting to introduce colored crayons at this time to give each seed as nearly 
as possible its shade of color. 

HISTORY. 

It is suggested that during this month the history of the methods of planting, 
cultivating, harvesting, and marketing of the ordinary crops be studied. This study 

should tend to bring out the improvement that has been made in the various methods. 

GEOGRAPHY. 

During this month the study in geography should relate to the crops that are kept 

on the farm and those that are sold, the agricultural products that are bought by the 

community and the crops exchanged for them. The reason for the exchange of these 

crops should be noted, and the loss or gain to the community by the same. The 

means of exchanging crops should be studied, such as the manner of transportation 
and the commercial concerns engaged in buying and selling. 

ARITHMETIC. 

For the younger pupils exercises in determining the number of eggs, pounds of 

butter, and gallons of milk produced at each home in the community and the value 
of the same during each week in December should be developed. For the more 

65765°—Bull. 132—15——2 
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advanced pupils problems involving the following items of farm management should 
be developed and assigned: Harvesting, preparing for market, the cost of marketing, 

the cost of feeding poultry flocks, the Ae of feeding dairy cows, the value of their 

products, and the per cent profit or loss. 

EXCURSIONS AND PRACTICAL WORK. 

Excursions should be made with a view of making comparison of old and out-of- 

date and new farm machinery, gins, grain mills, etc. 
During the month of December indoor exercises in studying and learning to iden- 

tify seeds of plants and weeds, and learning to distinguish between good and bad 
seeds shoula be practised. > 

JANUARY. 

LANGUAGE LESSONS 

Conversations concerning the uses of fertilizers, the quantity required, and for 

what crops, should be engaged in with the younger pupils. Oral and written accounts 

of visits to fertilizer plants, methods for distributing fertilizers, and methods of 

mixing should be required of the more advanced pupils of the group. Descriptions 

of fertilizer distributors, fertilizer mixing boxes, and the different brands of fertilizers 

should constitute werk for the still more advanced pupils of this group. 

READING AND SPELLING. 

The following selections are suggested as supplementary work for this month: 

Winter Time, R. L. Stevenson; The Snowdrop, Tennyson; The Frost Spirit, Whit- 

tier; and Snowbound, Whittier. 

List and assign words found in the correlation exercises of this month adapted to 
the use of the several classes. Among this number should be found such as follows: 

Sacks, brand, potash, acid, nitrogen, mixed, material, fertilizer, community, distrib- 

utor, commercial, elements, manufacture, formula, problem, profit. 

DRAWING. 

The drawing work of the month should consist of outlines of fertilizer sacks, ferti- 

lizer horns, fertilizer mixing boxes, tools employed in home mixing of fertilizer, and 
sketches of more improved fertilizer distributors. 

HISTORY. 

Study the history of the use of commercial fertilizers in the community and county, 

noting the principal brands and formulas that have been used and in connection 

with what crops. Let special attention be given to the effect that the use of fertilizers 

has had upon the agricultural development of the community, noting the crops grown 

previous to the use of fertilizers and those grown since their use. Also study the 

effect of fertilizers ou the yield of crops. The development of the industry of manu- 
facturing fertilizers in the community, county, and State should be studied, and in 

connection with this the history of the prices and the conditions that have affected 
prices. 

GEOGRAPHY. 

Study the leguminous crops that can be grown in the community successfully, 

noting the locality and the conditions obtaining. Extend this study to the county, 

noting where the leguminous crops are grown and not grown and the reason. Locate 

the fertilizer plants in the community, county, and State, and assign reasons for 

the particular location. What and where are the raw fertilizer materials found in the 

community, county, and State? What crops are exchanged for fertilizers, and is the 

exchange made at a profit or loss? 
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ARITHMETIC. 

' Have the younger pupils count the number of sacks of fertilizer used at home and 

report this to the teacher. Let the total number of sacks be determined, the total 

number of pounds for each farm, for the community, and find the average number 

of pounds used per acre for each farm and for the entire community. Multiply this 

work to include the cost per acre, per farm, and for the community. For the more 

advanced pupils develop simple problems on the cost of fertilizing elements taken 

from the soil by each crop. Prepare statements of problems involving the replacing 

of fertilizing elements by leguminous and other cover crops and by the use of mold. 

Problems involving the cost of the elements in various fertilizers as determined by 

their formulas should be developed. 

EXCURSIONS AND PRACTICAL WORE. 

Visits to fertilizer plants, warehouses, etc., for the purpose of observing the mixing 

processes and of securing the names of the different brands, their formulas, and special 

uses, should be made. The necessary data for the other correlation exercises should 

be secured on these trips. 
During this month the school grounds should be laid out and the year’s work 

planned. The plats of the individual pupils in the school and home gardens should 

be laid out and located during this month. Making stakes and other devices to be 

Fic. 1.—Simple seed-germinating devices. 

used in the school and home gardens should constitute some of the practical work 

of the month. 
FEBRUARY. 

LANGUAGE LESSONS. 

Conversations on the need, value, and methods of seed testing should be engaged 
in. For the slightly more advanced pupils oral and written narrations of the steps 

in making a seed-testing box should be required. Written descriptions of seed-testing 

boxes should be assigned as work for the still more advanced pupils. Conversations 

and oral and written statements concerning the value of sprays, the materials used, 

the steps in mixing, and the devices used, should be given. Descriptions of methods 

of pruning and grafting should constitute work for the advanced pupils of this group. 

READING AND SPELLING. 

The following selections are suggested for this month: The Oak Tree, Mary Howett; 

The Voice of the Grass, Sarah Boyle; The Planting of the Apple Tree, Bryant; Wood- 

man Spare That Tree, G. P. Morris; The Parable of the Sower, The Bible; How to 

Plant a Tree, Julia E. Rogers; and Plant a Tree, Lucy Larcom. 

Such words as the following will appear in the correlating exercises of the month: 

Seed, testing, checks, production, germination, diseases, insects, spraying, pruning, 

grafting, scion, stock, vigorous, tongue, cleft, budding, helpful, harmful. 

DRAWING. 

Make drawings of different kinds of seed testers (fig. 1), of germinating grains, both 

weak and vigorous, of diseased parts of plants showing affected parts, of proper and 

improper cuts in pruning, of different methods of grafting. 
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HISTORY. 

The history of the practice of testing seed in the community and county showing 

the different methods employed, and the effect in crop preduction should be studied. 

A study of the different fruit crops of the community and county as to their introduc- 

tion, success or failure, and why, should be made. The history of plant diseases and 
insects, showing how and when introduced and the successful and unsuccessful 

methods of combating them should constitute part of the correlation work of the 

month. 

GEOGRAPHY. 

The correlation work in geography for the month should consist in naming and 

locating the farmers of the community and county that have practiced seed testing. 

Name and locate the plant diseases that obtain in the community and county, setting 

forth the conditions favorable and unfavorable to the propagation of the same and 

the effect that the appearance of these diseases and insects have had upon the agricul- 

tural interests. What conditions cf climate, altitude, and soil obtain favorable and 

unfavorable to fruit growing. 

ARITHMETIC. 

For the younger pupils work may be assigned involving the determining of the 

number of checks in seed testers, the cost in time and material of making them, and 

the value of the time spent in testing seed. For more advanced pupils problems 

should be developed involving the value of testing seed, the value of the time spent 

in such work, and the loss that would be sustained in poor stands by failure to dc it 
properly. These processes may be multiplied to include as many principles of 

arithmetic as desired. Problems involving the cost of spraying mixtures, and 

the time emploved in their application should be developed. The work should be 

extended to the saving in fruit crops and the value of the time and means expended 

in this way. Let your problems be based as nearly as possible upon local experiences. 

EXCURSIONS AND PRACTICAL WORK. 

Excursions should be made this month for the purpose of observing diseased orchards 

and learning to distinguish the different diseases affecting the plants of the same. 

Specimens of diseased plants and vegetables should be brought from the homes of the 

community for study in the school. Special attention should be given to the seeds 

that are to be planted in the school garden. Asa matter of precaution all seeds should 

be subjected to preventive treatment in order that the school or home garden may 
not become infested with diseases. 

The practical work of the month should consist of testing the vitality of seeds to be 

planted in the garden, pruning of school or home ground shrubbery, preparing 

ground, and planting early vegetables. 

MARCH. 

LANGUAGE LESSONS. 

Have the younger pupils engage in conversation and prepare short written state- 

ments concerning the kinds of birds, their habits and their means of subsistence. 

Oral and written statements should be required of the more advanced pupils con- 

cerning the habits of birds, their means of subsistence, and migrations. These stories 

should be based on observations made on the school grounds and during excursions 

made to the fields and woods. Written descriptions of nests and their locations should 

be required of the more advanced pupils. Reasons should be sought and assigned 

for the nesting habits of different birds. 
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READING AND SPELLING. 

-The following are suggested as supplementary selections for the month: Little 

Birdie, Tennyson; Da‘sies, T. D. Sherman; Robin Redbreast, William Allingham; The 
Barefoot Boy, Whittier; Mary Emily’s Chickens, L. N. Duncan; The Lamb, William 

Blake; The School Garden at Plumfield, Louisa M. Alcott; and The Botany Lesson, 

Rebecca Rickoff. 

List and assign the new words of an agricultural bearing appearing in the correlation 

work of this month. Examples: Bird, nest, flock, migration, local, value, location, 

destroy, native, rodents, pests, insects, materials, garden, habit, domestic, prevalent, 

subsistence, stake, preparation, planting, practical. 

DRAWING. 

Simple outline work of birds, fowls, and different kinds of nests should constitute 

the drawing work of the month. In case of more advanced punils, some color work 

with crayon might be required to give touches of reality to the sketches. 

HISTORY. 

Study the history of the birds prevalent in your community and section. This 

history should cover the origin, introduction (in case any of the birds are not native), 

and their relation to agriculture. Special attention should be given to the relation of 
the different kinds of birds to historical events, art, song, and story. 

GEOGRAPHY. 

Study the migration of local birds. Learn the conditions of climate and food supply 
at the places to which they go. Compare these with local conditions of the different 

seasons. Compare the habits and uses of migrating and nonmigrating birds, as to 

their methods of subsistence. Study the habits of nesting as to locality and assign 
reasons for the selection of different places by the different kinds of birds. 

ARITHMETIC. 

For the younger pupils, develop problems on the number and quantity of the 
different kinds of seeds, such as onions, potatoes, corn, beans, peas, etc., required to 

plant a given area. For the slightly more advanced pupils, a record of the time spent 
in working plats in the school or home garden should be kept and problems developed 

on the value of the time. For still more advanced pupils, problems on the cost of 

materials used in the home and school gardens, such as stakes, fertilizers, and seed, 

should be developed. 

EXCURSIONS AND. PRACTICAL WORK. 

During this month, excursions should be made to the forests to observe the birds, 

to learn their names, their songs, their habits of nesting, means of subsistence, and 
other peculiarities. The same studies should be made with reference to the undomesti- 

cated animals, rodents, and insects prevalent in the community. This work should 

be extended through the months of March, April, and May. 

Making hotbeds, germinating plants, preparing ground, and planting plats in the 

home and school gardens should constitute the practical work of the month. 

APRIL AND MAY. 

LANGUAGE LESSONS. 

For the younger pupils, conversation practice and brief narrations, oral and written, 

concerning the school-garden experiences and insect, animal, and bird habits should 
be engaged in. For more advanced pupils, oral and written exercises concerning the 
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preparation of seed beds, planting, fertilization, and cultivation should be required. 
The written work should be extended to descriptions of plants in process of germi- 

nation and in different stages of growth. Oral and written stories on the rounds of 

economic insect life, the means of subsistence in each stage of existence, and the 

methods of combating insects in each stage of existence should constitute part of the 
written work for the month. 

READING AND SPELLING. 

The following are suggested for supplementary exercises: The Cow, R. L. Stevenson; 

The Little Plant, Kate Brown; Come Little Leaves, George Cooper; The Busy Bee, 

Isaac Watts; Little Cock Sparrow; The Bee and the Flowers, Tennyson; To a Butter- 

fly, Wordsworth; The Gladness of Nature, Bryant; The Owl, Tennyson; The Song of 

the Brook, Tennyson; The Pet Lamb, Wordsworth; Sweet Peas, Keats; and To a 

Mountain Daisy, Robert Burns. 

The new words and terms appearing in the correlation exercises of April and May 

should be listed and assigned as lessons from time to time. Examples, plantlet, 

leaves, roots, flowers, simple, stage, existence, elevation, drainage, excursion, com- 

bating, forests, germination, absorption, growth, implements, developed, common. 

DRAWING. 

The drawings of these months should consist of outlines and sketches of germinating 
seeds, plantlets, leaves, roots, flowers, and parts of flowers from the gardens, fields, 

and forests. Drawings of devices and simple implements used in the school garden 

should be made. Drawings of the insects found in the gardens, the home orchards, 

and the fields should also be made. Insects having a well-defined round of life should 
be studied with a view of making drawings of each stage of existence. 

HISTORY. 

The history of the most common garden plants covering the following points should 

be studied: Where native, by whom domesticated, or in case of varieties, by whom 

developed, and when and under what circumstances introduced into the community 
or section. 

The life history of the prevalent insects, both beneficial and harmful, should be 
studied, giving special attention to when, where, and how they exist in each stage of 

the round of life; when, where, and how introduced into the community. 

GEOGRAPHY. 

The time of planting garden plants as affected by climate, elevation, and drainage 
in the community and in the local school garden should provide interesting work in 

the subject these months. Market gardening with a community bearing should be 

studied, noting especially the crops that can be successfully grown, the means of dis- 

tribution, and the places of marketing. Such questions as follow should be answered: 

What garden products does your community buy, and why? Where were they raised, 

and what conditions obtained? What effect has the Girls’ Canning and Poultry Club 

had upon the production of these products in ‘your community? What effect have 

insects, fungus diseases, and birds upon the time of planting, the manner of cultiva- 

tion, and the general treatment of garden crops? 

ARITHMETIC. 

Problems should be developed on the value of birds to the farmer in the number of 

weed seeds and insects destroyed by each individual bird in the course of a year. 

Estimates of the harm done by birds, rodents, vermin, insects, and small animals 

should provide material for exercises in arithmetic. 
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EXCURSIONS AND PRACTICAL WORK. 

Excursions for the purpose of studying birds, animals, and insects should be con- 

tinued. It would be well to make excursions to gardens, orchards, or fields where 

methods of combating harmful species of any of the foregoing are being employed. 

Practical work for these months will consist almost entirely of caring for the garden 
plats of the pupils (fig. 2). 

THE SCHEME FOR GRADES SIX TO EIGHT. 

While the following suggestive scheme is prepared for all the pupils 
of these grades, yet the success with which these exercises may be 
correlated with the other school work will depend to a great extent 
upon the cooperation of the club members of the school. The im- 

Fig. 2.—Harlem, Ill., consolidated schoo! garden. 

portance of club membership should be emphasized by the teacher 
in every way possible, especially by calling upon the members to 
assist in this work and by making the problems of the clubs the 
problems of the school. 

SEPTEMBER. 

LANGUAGE LESSONS. 

Written reports of field observations. Compositions on selection of seed in the field: 

Corn, cotton, tomatoes, potatoes, tobacco, cane, peanuts, etc. Make records of prac- 

tical work. Letter writing: Write letters ordering seed catalogues, asking for the quo- 
tation of prices on seed, requesting publishers to contribute farm papers for school 
libraries, asking friends and others to contribute books on agricultural subjects for 

school libraries. 
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READING AND SPELLING. 

The following are suggested for supplementary correlation reading: Bureau of Ento- 

mology Circular No. 6, The Mexican Cotton-Boll Weevil; Bureau of Animal Industry 

Circular No. 208, Organization of Girls’ Poultry Clubs; Bureau of Entomology Circular 
No. 4 (2d ser.), The Army Worm; Farmers’ Bulletins Nos. 198, Strawberries; 290, The 

Cotton-Boll Worm; 303, Corn-Harvesting Machinery; 408, School Exercises in Plant 

Production; 415, Seed Corn; and 478, How to Prevent Typhoid Fever. 

List and assign new words related to agriculture for spelling exercises. 

DRAWING. 

Make drawings of ideal and faulty specimens of various farm plants such as corn, cot- 

ton, sugar cane, tobacco, tomatoes, etc. Collect, name, and make drawings of weeds 

and helpful and harmful insects active at this season. 

HISTORY. 

During the month of September, or the opening month of school, considerable time 

should be spent in organizing the school clubs, studying parliamentary practice, famil- 
iarizing club members with rules governing contests, planning exhibits for the county 

fair or school fair, practicing club members in making out reports of yields, and plan- 

ning and preparing the agricultural notebooks to be used by the pupils in keeping 

records of the ensuing year. 

GEOGRAPHY. 

Have each pupil prepare an outline map of the State and fill in with seeds, fibers, 

and pictures, showing by these the agricultural products of the State and their location 

as affected by climate. Extend this study to the other States and show by comparison 

of the agricultural products in what respects the climate is the same, and in what 

respects the climate is different from the local State. Follow this up with a study of 

the agricultural products of other countries for the purpose of determining those that 

have the same climatic conditions and those that differ. 

ARITHMETIC. 

Develop problems from measurements made of fields of given crops and especially 

club acres and plats. Count stalks, ears, bolls, etc., and with these as a basis develop 

exercises on yields, values of crops, etc. From data gathered in the community, 

develop exercises on the comparative cost of farm buildings to farm lands. Problems 

in making out bills of lumber for pigpens, poultry houses, dairy barns, cribs, silos, etc., 

and finding cost of same may be made use of. As nearly as possible, use local material 

as a basis for exercises. Have the club girls furnish recipes of various dishes to be 

used as a basis for calculation on the cost of materials involved. 

EXCURSIONS AND PRACTICAL WORK. 

Weekly excursions should be made to near-by fields, or, better still, to the patches 

of club members (fig. 3) to study types of stalks and to make field selections of seeds. 

The stalks selected should be indicated by some kind of marking, so that they may 

be detected easily when seeds are matured and ready for gathering. Before going 

on these excursions publications pertaining to seed selection should be carefully read. 
It would be wise to take the publications for reference on these excursions. 

Practical work in preparing equipment for storing seeds and arranging exhibit 

material for the school or county fair should be done in this month. 
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OCTOBER. 

LANGUAGE LESSONS. 

Reports of field observations. Compositions on modern methods of harvesting and 

modern methods of preparing leading crops for market. Descriptions of observations 

made at the school or county fair should be required. Letters to commercial people 
asking for prices and offering products for sale should be written. Make a record of 
practical work. 

READING AND SPELLING. 

The following are suggested for correlation reading: Farmers’ Bulletins Nos. 113, 

Harvesting and Storing Corn; 258, Texas or Tick Fever and Its Prevention; 292, 

Fic. 3.—School children visiting a club member’s acre ofcorn, Elbert County Ga. 

Cost of Filling Silos; 354, Onion Culture; 408, School Exercises in Plant Production; 

436, Winter Oats for the South; 548, Storing and Marketing Sweet Potatoes; 617, 

School Lessons on Corn; and Bureau of Plant Industry Document No. 485, The 

Selection of Cotton and Corn Seed for Southern Farms. 

List and assign the new words for spelling exercises. 

DRAWING. 

Prepare outline plans of poultry and hog houses, cribs, silos, and dairy barns. Make 

drawings of the less complicated harvesting machinery and the important parts of 

thesame. In this connection emphasize the learning of the names and uses of imple- 
ments and their parts. 

65765°—Bull. 132—15——3 
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HISTORY. 

Study the history of crops of the community as to their origin, time, and circum- 

stances of their introduction, and the success with which they have been grown. 
Also study the history of weeds, insects, and fungus diseases of the section as to origin, 
introduction, spread, damage done, and methods of combating. 

GEOGRAPHY. 

Study the topography of the State with reference to the effect that elevation has upon 

agricultural industry. Prepare outline maps to illustrate. Extend this study to 

other States and countries and note the effect of elevation, as compared with latitude, 
on crops, locating those sections that have similar products as a result of similar 
altitude or latitude. 

ARITHMETIC. 

Develop exercises on the capacity of bins, cribs, hay barns, silos, wagon beds, etc.; 

also on cost of harvesting crops, such as corn, cotton, cane, fruits, peanuts, potatoés, 
and on the cost of preparing salable crops for market. Let all exercises be based on 

local conditions and facts. These data should be collected by the club members of 

the school. During this month problems involving the annual reports of club mem- 

bers should be developed. The exercises should be so prepared as to involve as many 

of the principles of arithmetic as necessary. 

EXCURSIONS AND PRACTICAL WORK. 

Select seed from near-by fields and club plats from plants previously marked on 

the excursions. This is the month for fairs, and the pupils should visit these, observe 

exhibits, and collect facts for correlation exercises. 

Practice in storing seed in previously prepared devices should be given. Let the 
economic importance of this work be emphasized. During this month pupils should 

get valuable training and practice in judging crops and animals. Let the school 

authorities insist on the officers of the fair association furnishing specialists for this 
purpose during fair week. The training and experience in scoring and judging of 

this week can be followed up by the teachers and pupils during the following months. 

NOVEMBER. 

LANGUAGE LESSONS. 

Reports of field observations. Compositions on crop marketing, crop storing, and 
the feeding of crops. Written descriptions of bins, cribs, silos, and hay barns, modern 

in character, should be required. Make records of practical work. A description of 
the school’s exhibit by the club members at the county or school fair with a record of 

the results obtained in the way of prizes, etc., should be made. Practice in letter 

writing should be had by applying to the Department of Agriculture for the necessary 

publications for the succeeding months’ correlation exercises. 

READING AND SPELLING. 

The following are suggested for correlation reading: Farmers’ Bulletins Nos. 298, 

Food Value of Corn and Corn Products; 379, Hog Cholera; 408, School Exercises in 
Plant Production; 488, Hog Houses; and 537, How to Grow an Acre of Corn. 

List and assign the new words for spelling exercises. 
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DRAWING. 

Prepare drawings of farm tools used in breaking and cultivating land, in fertilizing 

crops, and in general cultivation. When the implements are too complicated, make 
drawings of only the most essential parts. Keep in mind that the purpose is to teach 
the pupils the names and uses of implements and parts of implements. 

HISTORY. 

Study the history of the methods of preparation, cultivation, and harvesting of the 

various crops of your State and section that have obtained in the past and note the 
development. Compare these with methods employed in other sections and countries 

having similar products. Study the history of farm implements, noting the develop- 
ment, the saving of time and labor, and the increased efficiency. 

GEOGRAPHY. 

Study the time of planting crops, the maturing of crops, and the manner of housing 

crops and animals as affected by the elevation and latitude of your own State. Ex- 
tend this study to a comparison of the same with other States and countries having 

similar agricultural productions. 
ARITHMETIC. 

Problems should be developed on the cost of liming land, turning land at different 

depths, on the economy in the use of improved machinery in turning land, on the 

crop yields for your county, State, and section, on facts gathered as to the farm prod- 

ucts bought and sold by the Stateand country. Let problems be developed involving 

the value of farm products bought and sold by the home county and lessons deduced 

as to the status of your county in a financial way. Answer these questions: Do you 

produce more than you buy? Do you buy what you should produce? From records 

of pig-club members compare the relative value of scrub and pure-bred hogs. From 
records of poultry-club members develop problems on the production of the different 

breeds of poultry. 

EXCURSIONS AND PRACTICAL WORK. 

Excursions should be made to the farms of the community to study poultry, swine, 
horses, cattle, and sheep, for the purpose of practice in scoring (fig. 4) and to secure 

data for correlation exercises. On these visits to the farms implements should be 

observed to learn their names and uses. If there are any particular farmers who 

have new or specially improved implements for fall and winter plowing, visits should 

be made to observe these and to note their efficiency in use. 

DECEMBER. 

LANGUAGE LESSONS. 

Reports of field observations. Prepare score cards for exercises of this kind in field 

crops. Compositions on value of improved farming implements, especially those that 
are adapted to your section, should be required. Compositions on the care of farm 

implements should also be required. Letters ordering farm-implement catalogues 
and bills of implements should be written. Copy records of practical work. 

READING AND SPELLING. 

Farmers’ Bulletins Nos. 51 (Rev.), Standard Varieties of Chickens; 270, Modern 

Conveniences for the Farm; 321, The Use of the Split-Log Drag on Earth Roads; 

408, School Exercises in Plant Production; 413, The Care of Milk and Its Use in 

the Home; and 541, Farm Buttermaking. 

List and assign new agricultural terms for spelling exercises. 
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DRAWING. 

Lay out school grounds and plat to a scale, showing the walks, flower yard, garden, 

clumps of shrubbery, trees, buildings, etc. Plat the school and home gardens to 
scale, showing walks and individual plats. 

HISTORY. 

Study the introduction and development of the use of fertilizer in the State and 

section, noting its effect on the agricultural development, the study that has been 

made to use it intelligently, the laws that have been passed relating to the fertilizer 
industry, and to what extent the use of fertilizers has proved beneficial. 

Fig. 4.—A lesson on the beef type. 

Study the organizations and functions of the State and national departments of 

agriculture and note in what particular way these departments have been helpful to 

your State. 

GEOGRAPHY. 

Study the trade that results from the exchange of agricultural products between 

your State and the other States and countries. Compare the exports and imports 
as to quantity, value, and character. Learn the means by which each home-produced 
article reaches the ultimate consumer. Extend this study to the trade relations of 

your section of the country with the other sections and with the other parts of the 

world. In this connection prepare maps showing lines of commerce and locate the 
principal receiving and distributing points for each agricultural product bought or sold. 
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ARITHMETIC. 

‘Develop problems on the cost of keeping cows in the different homes of the com- 

munity. Have pupils bring data as to the rations fed daily to the cows and from such 

determine the nutritive value and let it be shown whether the ration is balanced 
or not. Where the Babcock tester can be had let the milk of the various cows of 

the community be tested and from these facts develop problems showing the profit- 

ableness or unprofitableness of the individual cow, and by a comparison of the kind 

and cost of rations and returns from each cow let it be shown whether the profit or 

loss is due to the feeding or to the animal. Special problems in nutritive ratios 

should be developed for the benefit of the pig and poultry club members. This 

entire month can be spent in working out balanced food rations for the various farm 

animals of the community, combining foodstuffs in these rations that can be had 

Fig. 5.—Fathers observing a corn-judging contest, New Martinsville, W. Va. 

at the least cost. As a basis for these exercises the following publications are sug- 
gested for use: Farmers’ Bulletins 22 (Rev.), Feeding Farm Animals; 346, The Com- 

putation of Rations for Farm Animals by Use of Energy Values; and 411, Feeding Hogs 
in the South. 

EXCURSIONS AND PRACTICAL WORK. 

Excursions for comparison of out-of-date and modern farm machinery, gins, and 
grain mills should be made. Trips should also be made for the purpose of practice 
in scoring farm animals. 

Practical indoor work in scoring seeds should be engaged in during the months 

of December and January (fig. 5). Have specimens brought to the school by club 

members and the work carried on under the supervision of the teachers. When 

possible, have farmers bring animals to the school grounds for practice in scoring. 
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JANUARY. 

LANGUAGE LESSONS. 

Reports of field observations. Prepare systems of crop rotation adapted to your 

section. Write description of seed testers and methods of testing the vitality of 

seeds. Letters ordering material for seed testers and garden stakes or submitting 
bills of material should be written. 

READING AND SPELLING. 

The following are suggested for correlation work in reading this month: Farmers’ 

Bulletins Nos. 185, Beautifying the Home Grounds; 213, Raspberries; 347, Repair of 

Farm Equipment; 375, Care of Food in the Home; 389, Bread and Bread Making; 

408, School Exercises in Plant Production; 468, Forestry in Nature Study; 511, 

Farm Bookkeeping; and 538 and 539, On Citrus Growing in the Gulf States. 
List and assign the new words and terms of an agricultural character appearing in 

the correlation exercises of the month. 

DRAWING. 

Have each pupil lay out his plat in the school garden and show in the diagram 

the location of each vegetable to be planted, indicating the rows or beds by name. 

Require drawings of all garden devices, such as stakes, tools, etc. During this month 
seed-testing boxes or cases should be planned and drawings made to a scale. 

HISTORY. 

Study the relationship of the agricultural products of the State and section to the 

political history of the State and country. Let this study begin with the settle- 

ment of the country and extend to the present. Emphasize the importance of the 

relationship by connecting particular crops with striking historical events and legis- 

lative enactment. 

GEOGRAPHY. 

Study and compare the forms of government, the prevailing customs, the religions, 

the classes of people and their personal characteristics in the different parts of your 

own State, in other States, and in other countries having agricultural industries sim- 
ilar to that of your own State and section. 

ARITHMETIC. 

At the beginning of the new year the older pupils, and especially the club mem- 

bers, should he encouraged to open books for the purpose of keeping accounts of 

the outlay and income of the farms of the community. Separate pages should be 

set apart for each farm crop and enterprise, providing both credit and debit columns. 

Each domestic animal should be assigned a page with credit and debit columns. If 

it is not an animal that labors or supplies some product for immediate consumption, 

and is not disposed of during the year, its credit column should show the increase 

in weight or value at the market price. Club members should open books and keep 

accurate records of their enterprises for the year. 

Practice problems in determining the value of elements in fertilizers of given 

formulas, in the cost of compounding fertilizers of given formulas, and in determining 

the value of the time consumed in compounding fertilizers, should be developed. 

Data for the foregoing should be secured by visiting local warehouses or farms and 

examining the formulas found on the sacks of the various brands. Compare the cost 

of the home-mixed products with that of the commercial brands of the same formulas 

and note the saving, if any, by home mixing. Practice pupils in interpreting the 

fo:mulas on fertilizer sacks. 
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EXCURSIONS AND PRACTICAL WORK. 

. The excursions for this month should be made for the purpose of securing data 

for the exercises mentioned in the other subjects. 

The pupils of this group of classes should do practical work in compounding fertil- 

izers for their contest plats, and to get as much practice as possible they should go in 

groups from one boy’s home to another’s to assist in compounding the fertilizers. 
The fertilizers to be used in the school garden should be compounded by the club 
members in the presence of the entire school and for its benefit. 

All seed-testing devices should be prepared this month, and the seed to be tested 

assembled for the purpose. 

FEBRUARY. 

LANGUAGE LESSONS. 

Compositions on the value of seed testing should be required. A most valuable 
exercise for the advanced pupils and club members would be to collect, classify, 
and record the agricultural statistics of the school district. Let this show what was 

produced the previous year, what kept on the farm, what sold, and what bought. 

This will not only give valuable practice in systematic work but will furnish the 
school and community with valuable information as to its agricultural status. 

READING AND SPELLING. 

The following are suggested for supplementary reading: Farmers’ Bulletins Nos. 134, 

Tree Planting on School Grounds; 181, Pruning; 218, School Gardens; 236, Incu- 

bation and Incubators; 243, Fungicides and Their Use in Preventing Diseases of 

Fruits; 255, The Home Vegetable Garden; 389, Bread and Bread Making; 428, 

Testing Farm Seeds in the Home and in the Schools; 491, The Profitable Manage- 
ment of the Small Orchard on the General Farm; Bureau of Entomology Circular 

No. 54, Peach Tree Borer; and Bureau of Plant Industry Yearbook Reprint No. 197, 
How Birds Affect Orchards. 

List and assign the new words as spelling lessons. 

DRAWING. 

Require pupils to bring to school specimens of all kinds of domestic plants affected 
by fungus diseases and make drawings of these, showing the appearance of the affected 

part. Require drawings of cuttings, proper and improper pruning (fig. 6), methods 

of grafting, pruning and grafting implements; also drawings of spraying devices, 
In connection with all these emphasize learning the names and the uses. 

HISTORY. 

Study the origin and development of the school-gardening movement, noting 
especially the purposes, the results that have been obtained, and its future possi- 

bilities in advancing the interests of the community, both as to vitalizing the school 
work and as a source of revenue for school enterprises. 

GEOGRAPHY. 

Study the relationship of the agricultural products of your county and State to 

the industrial development of the same. Compare your own State in this respect 

with other States and countries having similar agricultural products. If there is a 

difference in the industrial development in any of the cases noted let it be 
accounted for. 
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ARITHMETIC. 

Problems on the value of selecting and testing seeds of the various crops should 
be developed for this month. Let the exercises invclve the value of time spent in 

selecting and testing, the time spent in replanting, and the effect of untested seed 

on the stand and the ultimate yields. Let these exercises as nearly as possible be 

based on data gathered from the community. These processes may be multiplied 

to meet the needs of the different classes in the subject of arithmetic. Problems on 

the cost of spraying materials, the time spent in spraying, and the increased yield 

should be developed. Comparison should be made of the yields of sprayed and 

unsprayed trees, and problems developed on these as a basis. The value of sprays 
in prolonging the lives of plants should be estimated. 

Fia. 6.—Practice in pruning. 

Useful publications to be used in connection with this work are: Bureau of Ento- 

mology Circular No. 42, How to Control San José Scale; and Farmers’ Bulletin 243, 

Fungicides and Their Use in Preventing Diseases of Fruits. 

EXCURSIONS AND PRACTICAL WORK. 

Excursions should be made this month to orchards for the purpose of observing 

methods in spraying and for practice in the use of spraying mixtures and devices. 

Excursions should also be made for the purpose of observing pruning and for practice 

in the same. 
Practical work in testing seeds, both in the school and the home, should be engaged 

in. The actual work at school should be confined largely to school-garden seeds and 

those to be used by the club members in their contest plats. 
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MARCH. 

LANGUAGE LESSONS. 

Reports of field observations, compositions on the value of clubs to the members, 

the schools, and the community, and the influence of clubs on increased production 

and onhome economy. Letters of correspondence between club members of different 

schools. Record of practical work. Debate: The Boll Weevil is a Blessing in Dis- 

guise. 

READING AND SPELLING. 

The following are suggested for supplementary correlation reading: Farmers’ Bulle- 

tins 205, Pig Management; 229, Production of Good Seed Corn; 241, Butter Making 

on the Farm; 287, Poultry Management; 408, School Exercises in Plant Production; 

417, Rice Culture; and 533, Good Seed Potatoes and How to Bed Them. 

List and assign new words for spelling exercises. 

DRAWING. 

Have each pupil prepare a drawing of his home farm, locating buildings, yards, 

barn lots, permanent pasture, orchards, streams, springs, woodland, roadways around 

or through the farm, crops as planned for the year, the prize acres and plats, etc. 

After an accurate outline has been drawn the map can be made attractive by filling 

in with seed, fiber, pictures of fruit, stock, farm implements, flowers, and houses at 

proper places on the map. On farms where a system of rotation is followed a set of 

maps should be drawn representing the location of the crops for each year of the 

course. 

HISTORY. 

Study the history of the agricultural-club movement in your State and in other 

States. Collect and study data as to records of prize winners, methods employed 

by them, and value of prizes and advertising received by the winners. Study the 

systems of judging yields employed in your State and other States. 

GEOGRAPHY. 

Prepare a map of the United States and indicate the States in which there has been 
club activity, the kinds of clubs, and prepare a statement in this connection showing 

the influence of the club movement on the school and farm work of each State. Also 

study the influence of clubs on increased production, crop marketing, home life, and 
health. 

ARITHMETIC. 

Develop problems on the cost of farm fencing. Special attention should be given 

to the cost of constructing temporary hog and poultry fences. Exercises in this phase 

of the work should be developed for the benefit of the club members. Problems relat- 

ing to the cost and value of grazing crops for hogs and poultry should be developed. 

EXCURSIONS AND PRACTICAL WORK. 

The time that can be devoted to excursions should be spent in visiting the different 

club members’ patches for the purpose of observing the methods and thoroughness of 
preparation. 

Practical work for this month should consist in preparing plats and patches for 
planting the contest crops. 
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APRIL. 

LANGUAGE LESSONS. 

Reports of field observations. Compositions on methods of growing given crops, 

such as corn, potatoes, and tomatoes. The following points should be covered in 

each composition: Preparation of soil, fertilization, cultivation, and harvesting. 

Write letters to the State extension agent asking advice and information as to matters 

pertaining to your club work. Make a record of practical work. Debate: ‘‘The corn- 

club movement’’ has done more to increase the yield of corn in the State during the 

last five years than any other one influence. 

READING AND SPELLING. 

For correlation reading the following are suggested: Farmers’ Bulletins Nos. 54, 

Some Common Birds; 220, Tomatoes; 372, Soy Beans; 414, Corn Cultivation; 431, 

The Peanut; 458, The Best Two Sweet Sorghums for Forage; 459, House Fly; and 

509, Forage Crops for the Cotton Regions. 

The usual method of listing and assigning words should be employed. 

DRAWING. 

During the months of April and May the pupils of this group should spend the time 

to be devoted to drawing in gathering data and preparing a map of the school township 

or district, showing the location of all public enterprises that touch upon farm life. 

These will include the following: Principal and neighborhood roads, telephone line, 

rural carriers’ routes, church buildings, school buildings, railroads, railway stations, 

sidetracks, community markets, if any, streams, mills, gins, etc. This map should 

be so complete that it will show all the advantages and disadvantages of the township 
or school district. Complete this map by locating the homes of the boys and girls 

who belong to the clubs and have contest plats. 

HISTORY. 

During the months of April and May, or the closing month of the school, special 

attention should be given to the study of the histories of crops or breeds of animals to 

be grown by the club members, laying special emphasis on the degree of success with 

which each has been produced and the conditions that have obtained in connection 

therewith. It wul be especially important to study the methods of preparing seed 

beds, of fertilizing, of planting, and of cultivating that have been employed in the 

past, to determine with what success these methods have been employed and to what 

extent they should be used by the club members. This study should be extended 

to methods of feeding poultry and swine, noting especially the success of the different 

methods and the conditions that obtained in each case. 

GEOGRAPHY. 

Prepare a map of the State, indicating thereon by distinguishing marks the different 

classes of schools teaching agricultural sciences. Continue this study to the Nation 

and to other countries and determine as nearly as possible the effect that such insti- 

tutions have had on agricultural advancement and how agricultural conditions have 

affected the work of the schools. 

ARITEMETIC. 

Develop problems on crop rotation, estimating the value of the same in soil improve- 

ment and in saving in the cost of fertilizers. Plan rotations especially adapted to the 

needs of the corn and pig club members, based on proper rotation principles, and at 

the same time providing feed and grazing for hogs. Develop exercises based on the 

foregoing for work in the arithmetic classes. 
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EXCURSIONS AND PRACTICAL WORK. 

Visits should be made to places in the community affording opportunities for the 
studying of hotbeds, cold frames, and their structure and use. 

The months of April and May should be devoted to planting contest crops and germ- 

inating plants for the purpose of transplanting later. 

MAY. 

LANGUAGE LESSONS. 

The closing days of school are generally used preparing exercises for the final public 

entertainments. These exercises should be full of the subject of agriculture. Let 

all the selections rendered touch upon some phase of agriculture. This will be an 

opportunity for the teacher to show in a public way what the school can do for the 
community in connection with its most important enterprise. 

READING AND SPELLING. 

The following are suggested for correlation reading: Farmers’ Bulletins Nos. 132, 

Insect Enemies of Growing Wheat; 426, Canning Peaches on the Farm; 447, Bees; and 

521, Canning Tomatoes in the Home and in Club Work. 

The same plan with regard to the spelling exercises should be followed as in other 

months. 

DRAWING AND HISTORY. 

Same as in April. 

GEOGRAPHY. 

Study birds of the State with regard to habits of migration. Compare those that 
migrate and those that do not as to their agricultural economy. Study insects and 

fungus diseases of the State as to kinds, localities infested, and the influence they 

have on the kinds and yields of crops. 

ARITHMETIC. 

Develop problems on cost of terracing, estimated saving of terraces, cost of open 
ditches, cost of blind ditches, and problems involving the relative values of blind and 

open ditches with reference to original cost, saving in cultivatable ground, time in 

cultivation, keeping open ditch clear of weeds, etc. Multiply problems on the econ- 

omy of birds in destroying weed seeds, insects, and insect eggs. (See Yearbook Re- 

print No. 448, Does it Pay Farmers to Protect Birds? Also Farmers’ Bulletin No. 187, 
Drainage of Farm Land.) 

CORRELATION SUPPLEMENTS. 

REFERENCES. 

Let each school provide itself with the publications of the Depart- 
ment of Agriculture mentioned in this scheme and arrange them 
according to subjects in a permanent place in the school building. 
These publications may be had as long as the supply lasts by apply- 
ing to the Department of Agriculture, Washington, D. C. 

Each school should write to the State college of agriculture asking 
that its name be listed to receive such matter printed by the college 
and the experiment station connected with it as is of value in the 
school work. 

—— a, 
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Have the pupils bring from home the farm papers that have been 
read there. 

Group your publications after some convenient plan and form the 
habit of using them in connection with your work. ; 

Almost unlimited reference material may be had free. Use a few 
postal cards and command this material. Create an agricultural 
atmosphere in the school, thereby making it a real center of activity 
in the community. 

Agricultural colleges in the Southern States: 

Alabama Polytechnic Institute, Auburn, Ala. 

College of Agriculture of the University of Arkansas, Fayetteville, Ark. 

College of Agriculture of the University of Florida, Gainesville, Fla. 

Georgia State College of Agriculture, Athens, Ga. 

State University and College of Agriculture, Lexington, Ky. 

Louisiana State University and Agricultural and Mechanical College, Baton 
Rouge, La. 

Maryland Agricultural College, College Park, Md. 

Mississippi Agricultural and Mechanical College, Agricultural College, Miss. 

The North Carolina College of Agriculture and Mechanic Arts, West Raleigh, 

N.C. 
Oklahoma Agricultural and Mechanical College, Stillwater, Okla. 

The Clemson Agricultural College of South Carolina, Clemson College, S. C. 
College of Agriculture, University of Tennessee, Knoxville, Tenn. 

Agricultural and Mechanical College of Texas, College Station, Tex. 

Virginia Polytechnic Institute, Blacksburg, Va. 

West Virginia University and Agricultural and Mechanical College, Morgan- 
town, W. Va. 

SEED SELECTING. 

As soon as possible after the opening of school in the fall trips to 
to club patches and near-by fields should be made and typical plants 
located, from which seeds are to be selected later. Plants should be 

selected that have made the best showing as to symmetrical growth 
and number and quality of seed under average conditions. For 
instance, do not be misled by an attractive, symmetrical, highly 
productive specimen that happens to have unusual distance or stands 
on an unusually fertile spot. Select the plant that has outstripped 
its neighbors in the before-mentioned characteristics under average 
conditions. 

Let these individuals be marked in some way so that they may 
be located readily when seeds have matured. 

Later in the season, after the seeds have matured and in advance 

of general harvesting, go back to the fields or plats and select the 
choice specimens of seed from stalks previously marked. 

Such seed should be stored in a dry, cool place to await germi- 
nating and vitality tests.! 

1See U.S. Dept. Agr., Bu. Plant Indus. Doc. 485, The Selection of Cotton and Corn Seed for Southern 

Farms. 
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SEED STORING. 

Care should be exercised in storing seed that its vitality may be 
preserved. Extremes in temperature, excessive moisture, and attacks 

of rodents, insects, etc., should be provided against. If the farm 
buildings are not equipped with a room especially prepared for 
storing seed, racks should be used, which may be suspended from 
points inaccessible to small animals. To prevent insect injury, 
grains especially should be fumigated with bisulphid of carbon. 
Seeds that are likely to be affected with fungus diseases should be 
treated with a formalin solution before planting. 

SEED TESTING. 

The work in testing garden and field-crop seeds should prove one 
of the most interesting, as well as one of the most valuable exercises 

Fig. 7.—Sand tray for testing seed corn. 

that the club members and the schools can engage in. No special 
skill is required. 

The accompanying seed-testing device (fig. 7) will suggest the 
principal equipment.? 

The value of seed testing in securing regular stands of healthy, 
vigorous plants can not be overestimated. 

PLANS FOR SCHOOL GARDENS. 

The plan for the school garden will depend upon a number of 
things, among them being the land available, the number of pupils, 
and the size of the individual plats. In the event that the school 

1See U.S. Dept. Agr. Farmers’ Buls. 243 and 544. 

2 Special attention is called to U.S. Dept. Agr. Farmers’ Bul. 428, Testing Seed in the Home and in the 

School. 
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grounds do not supply a sufficient amount of land arrangements 
should be made to secure a plat adjacent to the school. 
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Fig. 8.—Suggestive plan for a school garden and an individual plat. 

The mistake of making the individual plats too large should not 
be made. Just sufficient area should be assigned to enable the pupil 
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to give it proper attention. Careful, thoughtful work should be 
insisted upon rather than quantity. 

Demonstration plats for the supervision of the teacher should be 
set apart. These plats should be used to demonstrate certain truths 
with regard to individual crops. The farmers of the community 
should be encouraged to take an interest in this phase of the work 
for their own benefit. 

The preceding school-garden plan (fig. 8) should prove suggestive 
to the teacher in laying out grounds. 

SCHOOL EXHIBITS. 

Every school should have its fair or its exhibit day. There are 
-many reasons for this. In the first place, such an enterprise is local 

Fia. 9.—Marion County, Tex., Girls’ Club exhibit. 

in character, and it is possible for every pupil to participate. Look- 
ing forward to an exhibit of products and work will prove quite an 
incentive to the pupil to do his or her best in the garden, plat, or 
other work. The interest thus awakened among pupils will react on 
the community and attract its attention to the school. It will be 
necessary to offer prizes for the best exhibits, and in soliciting the 
articles for this purpose the attention of beneficent and enterprising 
people will be called to the progressive spirit of the school and its 
importance magnified. In turn, the recognition given the school by 
patrons and others will prove encouraging to the pupils and will be 
conducive to better results in their work. 
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Aside from the benefits of an inspirational character the pupils 
will be rewarded with better yields and in some instances with prizes 
of intrinsic value. 

As a means of raising funds for school improvement the prize- 
winning exhibits should be sold at auction. 

The exhibits (fig. 9), excepting live stock, can be displayed either 
within or without the school building. Seats and simple contriv- 
ances may be employed for the display. Nothing appears to better 
advantage than agricultural or home-economic products. The exer- 
cise of a little taste in the arrangement will produce surprising results. 

Finally, the school fair will provide a means of collecting and 
preparing material for the district or county fair, if such is conducted. 

SCORE CARDS. 

SCORE CARD FOR LARD HOGS. 
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SCORE CARD FOR BACON HOGS. 
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SCORE CARD FOR COTTON PLANT. 
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SCORE CARD FOR CORN. 
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SCORE CARD FOR POTATOES. 

"UEC EG a ee A Rg prin oVdall Cropy-a- 6-55 sees ee 

Stu- | Cor- 
Eereet dent’s | rected 

g score. score 

SIiPMOMOVerIArve NOT UNGEISIZCO) -- 2222 =< = <2 aac ce ee eee eee anne 7 eee yee (ea eta rier 
sieve tt (true to type of variety, whether round, cylindrical, or kidney 

SSH OUN) Bete sees sere otal Bin eeiaie ya otajerapain\n:aio) cis) o:10: v/a coe eemsioe cla ciewicion aie a eer (ky eae 
OS Se et Se ie ee fee ae eed ct nc nc eee oe a nerecaecd 10) Sea eees [Paeense ols 

SUSE So 52S eRe BOS a nS ECBO Ce aCe st MRE toes 5 Ae Ree 5 
BESS Tyas Serre seen ole le ee aierara ye ei siclalerd Sy<icis sais See eee nisin 5 | 

auuiave (Shouldibe'smooch) seeseseccce occ cose Sec oe eee ences 20!) 2s See ebee | eeeoee ose 
2 CN OD OOS BORO SERCO Sete aE = ne stat ee 7A) epeeroemoens Bete at sO oe 

SNanibe: (not less than 8 nor more than 12) ) eee. Soe: Se ee 5 | | 
Distribution (not too close together, some eyes on each quarter).... 5 | 
Depth (not too deeply indented nor raised above surface)..-.----.- 10 } 

¥reedom from blemish (scab, rot, or insect injury)...............--------- 203) |: See ae ee 

EO ce a BETIS os, 1003 seen eee oes 

BRS EEE ene ate he re sk. 3) 2 ee Se eee Se aes A ee 

iN 2RONS OOO See Ca AE, So Wate FS Site ese aes ae ae 

SCORE CARD FOR BUTTER 
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SCORE CARD FOR JELLIES. 
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SCORE CARD FOR FRUIT AND VEGETABLES. 
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SCORE CARD FOR BREAD. 
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SCORE CARD FOR TOMATO PLANT. 
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SCORE CARD FOR APPLES—BARREL PACK. 
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SUGGESTED PROBLEMS IN ARITHMETIC. 

SEPTEMBER. 

1. Provide the school with several rod (164-foot) poles marked off in foot and yard 
lengths. These should be made by the pupils. 

2. With a pole, measure the school yard and find the area. 

3. With a pole, measure club members’ plats and find the areas. 

4. With a pole, measure two areas a rod square in each boy’s plat, count the stalks 
in each area, find the average number in each, and estimate the number of stalks in 

each boy’s plat. 

5. Count the ears, bolls, etc., on each area, find the average number on each area, 

and estimate the number on the entire plat. Estimate the yield and the value of 

the yield. 

6. Prepare a bill of lumber for a hog house 6 by 36 feet, allowing for five partitions. 

The outside walls are 4 feet high and the summit of the roof 6 feet high. Find the 

cost of material at local prices. 

OCTOBER. 

1. A bushel measure for gauging corn is 12 by 12 by 27 inches. Find its volume 

in cubic inches. In cubic feet. 

2. How many bushels of corn in a wagon box 10 feet long, 3 feet wide, and 24 feet 

deep? 
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3. How many cubic feet in a bin of sufficient capacity to contain the yield of a 

poy’s acre that makes 156 bushels? 

4, Find the profit made on a tenth of an acre of tomatoes when the land rent is 

$1, labor $3, staking and pruning $2, fertilizer $2.50, cans $36, canner $5, cost of 

canning $10, and the output 1,200 cans, at § cents per can. 

5. Find the per cent profit in problem 4. 

NOVEMBER. 

1. What will it cost per acre to set an apple orchard if young trees cost 25 cents 

apiece and are planted in squares 36 feet apart? 
2. If it requires 15 bushels of corn, at 50 cents a bushel, and $5 worth of other feed 

to raise a pig to be 9 months old, what is the cost of the pig to the boy? 
3. If a scrub pig nets 150 pounds and is sold at 8 cents per pound when 9 months 

old, will there be a net profit or loss? 
4, Ifa pure-bred pig nets 250 pounds when 9 months old and is sold at 8 cents per. 

pound, is there a profit or loss? 
5. A poultry club girl has a flock of 15 hens: Each hen averages 96 eggs per year. 

What is the value of all the eggs at 15 cents per dozen? 
6. She feeds her flock of hens during the year 3 bushels of corn at 50 cents a bushel, 

1 bushel of oats at 50 cents a bushel, and $2 worth of other feed. What is her profit? 
7. The second year she improves her stock, and each hen averages 120 eggs. What 

is her profit? 

DECEMBER. 

1. A farmer owns 12 cows that average 22 pounds of milk each daily. How many 

pounds does his herd produce in a year? 
2. If the milk of the above herd tests 4 per cent butter fat, what is the value of the 

year’s production at 25 cents per pound butter fat? 
3. If by changing the nutritive ratio of the feed the above-mentioned farmer in- 

creases the production of each cow 2 pounds per day without additional cost, what 
will be his increased receipts? What will be the per cent increase? 

4. Each cow of a Holstein herd averages 30 pounds of milk daily, each cow of a 

Jersey herd 20 pounds, and each cow of a scrub herd 15 pounds. The Holstein milk 

tests 34 per cent butter fat, the Jersey 5 per cent, and the scrub 3} per cent. Find 

the value of the average daily production of butter fat of each cow at 25 cents per 
pound. 

JANUARY. 

1. A fertilizer formula sets forth the available essential elements—namely, phos- 

phoric acid, ammonia, and potash—that the particular brand contains. For example, 

a 10:2:2 formula means 10 per cent phosphoric acid, 2 per cent ammonia, and 2 per 

cent potash. Find the number of pounds of each element in a ton*(2,000 pounds) 

of 10:2:2 goods. 

2. If phosphoric acid is worth 4 cents per pound, ammonia 15 cents per pound, 
and potash 5 cents per pound, find the cost of the fertilizing elements in a 10:2:2 goods. 

3. If a ton of 10:2:3 goods cost $24 in market, what would be the value of a man’s 

time (5 hours) who compounds his own fertilizer by the same formula when the ele- 

ments cost the same as in problem 2? 
4, Acid phosphate usually found on the market contains 14 and 16 per cent phos- 

phoric acid; kainit usually contains 12 per cent potash; muriate of potash contains 
50 per cent potash; nitrate of soda contains 16 per cent nitrogen, or approximately 

193 per cent ammonia; cottonseed meal usually contains 2 per cent phosphoric acid, 

7 per cent ammonia, and 14 per cent potash. 
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5. Find the value of the elements in a ton of cottonseed meal at the prices mentioned 
in problem 2. 

6. Find the amounts of 16 per cent phosphate, 193 per cent nitrate of soda, and 12 

per cent kainit required to compound a ton of 9:2:4 goods. What amount of filler 
will be required to complete the ton? 

7. Find the amounts of 14 per cent phosphate, 2:7:14 cottonseed meal, and 50 per 
cent muriate of potash required to make a ton of 8:3:3 goods. 

FEBRUARY. 

1. Spraying materials usually cost as follows: Lime, 1 cent per pound; copper sul- 

phate, 10 cents per pound; Paris green, 30 cents per pound; arsenate of lead, 15 cents 

per pound; kerosene, 13 cents a gallon; hard soap, 10 cents per pound; lime-sulphur 
mixture, 15 cents per gallon. 

2. Find the cost of the following formula: 

S POUNGS HMG 2450... 1252 ccaee eee a 0c es eee ee 
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3. Find the cost of the following formula: 
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4. Find the cost of the following formula: 
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5. If it takes three applications of 2 pounds of arsenate of lead and three days’ time, 
at $1.25 per day, to destroy the Colorado beetles on an acre of potatoes, how many 

bushels of potatoes, at 50 cents per bushel, will be required to pay for the treatments? 
6. A hoy failed to select and test the vitality of his seed corn and secured only 

three-fourths of aregular stand. His yield was 60 bushels. What should it have been 

if his stand had been regular? 

7. If two days had been required to select and test the corn seed in problem 6 and 

thereby secure a regular stand, what would have been the value of the boy’s time 

per day? 
MARCH. 

1. For the school garden plats 15 girls want 10 tomato plants each, and the plants 

should stand 14 inches each way, what should be the area of the cold frame? 

2. Determine the cost of such a frame. 

3. What would be each girl’s share of the cost? 

4. A boy who isa member of both corn and pig clubs follows a 3-year rotation course 

with 3 acres of land. To utilize his grazing crop each year it is necessary for him to 

have a portable hog fence of sufficient length to inclose an acre. If it requires 60 

rods of fence at 35 cents per rod and 80 posts at 10 cents apiece to construct the fence, 

what will be the cost of material? 

5. If the above boy’s temporary pea pasture will support a sow and six pigs, what 

will each of the pigs have to bring at 10 weeks old to pay for his temporary fence? 

APRIL. 

1. In a 3-year rotation course of corn, cotton, and oats and peas, one-fourth ton of 

stubble and one-fourth ton of pea vines are turned under. What is the fertilizing 

value if 1 ton of pea vine provides 40 pounds nitrogen, 10 pounds phosphoric acid, 
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and 40 pounds potash; and 1 ton of stubble provides 10 pounds nitrogen, 4 pounds 

phosphoric acid, and 20 pounds potash? 
- 2. A farmer plants an acre to cotton three years in succession, using 400 pounds of 

fertilizer each year. The first year the acre produces a bale, the second year five- 

sixths of a bale, and the third year two-thirds of a bale. What is the income for the 

three years if cotton sells at 12 cents a pound and seed at $20a ton? (A bale of lint 

weighs 500 pounds. The seed of a bale 800 pounds.) 

3. The same farmer plants another acre, using the same amount of fertilizer each 

year, to cotton the first year and makes a bale, to corn and peas the second year and 

produces 75 bushels of corn and 10 bushels of peas, to oats and peas the third year and 
produces 40 bushels of oats and 15 bushels of peas. Find the value of all the crops 
if corn is worth 75 cents per bushel, cotton the same as in problem 2, peas $1.50 a bushel, 

and oats 50 cents per bushel. 

4. Find the fertilizer value of one-fourth ton of oat stubble and one-half ton pea 
vines turned under during the three years in problem 3. 

5. Find the total values in problems 3 and 4 and compare with 2. 

6. Will the method followed in problem 2 or that in problem 3 furnish more humus? 

Which method will leave the soil in better physical condition? 

MAY. 

1. Field tiling costs about as follows: Three-inch, 3 cents per foot; 4-inch, 4 cents 

per foot; 5-inch, 5 cents per foot; and 6-inch, 6 cents per foot. Find cost of 500 feet 

of each? 

2. A man owns a plat of swamp land 48 rods long and 10 rods wide. Find its area 
in acres. : 

3. There is a small stream running through the middle of the plat lengthwise. To 

drain the plat into the stream it requires 4-inch tiling laid 2 feet deep every 4 rods. 
Find cost of tiling to drain the plat. 

4. It costs 124 cents a rod to dig the ditches. What will the ditching cost? 

5. What will the system of drainage cost in 3 and 4? 

6. The plat has been producing 2 tons of hay valued at $10 per ton. How many 

bushels of corn per acre will the plat now have to produce the first year to pay for 
the drainage system and make a return equivalent to the usual income from the hay 
crop? 

7. Fifty insects per day is a low estimate for the average bird to eat. On an 80-acre 

farm there is an average of 2 birds per acre. How many insects will be consumed on 

this farm per day? Per month? 

8. If there averages 1 bird per acre, how many in your State? 

9. If each bird eats one-tenth of an ounce of weed seed per day, how many pounds 

of weed seed would be consumed in the State in a day? In August, September, 
and October? 
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EXPERIMENTS WITH CROPS UNDER FALL IRRIGATION AT 
THE SCOTTSBLUFF RECLAMATION PROJECT EXPERIMENT 
FARM.’ 

By Frirz Knorr, 

Farm Superintendent, Office of Western Irrigation Agriculture. 

INTRODUCTION. 

In western Nebraska, as in many other portions of the Great 
Plains area, precipitation during the fall and winter months is com- 
paratively light. In these sections the major portion of the rainfall 
of the year occurs from April to October. As a rule, the precipita- 
tion occurring between October and April comes as light showers or 
as light snowfalls. As a result of this condition, it is very commonly 
found that land which has produced a crop the preceding year con- 
tains very little moisture at planting time in the spring. On uri- 
gated lands this condition is frequently unfavorable to field crops, 
When at planting time the soil contains insufficient moisture to 
germinate the seed and to support the early growth of the crop, it is 
necessary to irrigate early in the spring. Early spring irrigation may 
be objectionable for three reasons: (1) It is frequently difficult to 
secure irrigation water as early as it is needed; (2) when it is neces- 
sary to irrigate the land but a short time before crops are planted, it 
is difficult, and sometimes impossible, to secure satisfactory moisture 
conditions in the lower depths of soil, not only in the spring but dur- 
ing the greater part of the season; and (3) early spring irrigation 
may so saturate the surface layers of soil as to delay seriously, the 
planting of the crop. 

1 The Scottsbluff Experiment Farm is located on the North Platte Reclamation Project, 6 miles east 

of Mitchell and about 8 miles northwest of Scottsbluff, Nebr. The tract consists of 160 acres of land irri 

gated from the Government canal. Though the entire tract is irrigable, about 30 acres are devoted to 
dry-land experiments. The land was withdrawn from entry by the Department of the Interior for use 

as an experiment farm, and operations were begun in 1909. Three of the original buildings were erected 
by that department. The farm is under a superintendent detailed by the Office of Western Irrigation 

Agriculture. The work is supported by Federal appropriation through the United States Department 

of Agriculture and by State appropriation through the University of Nebraska. The buildings on the farm 

outside of the original three structures have been erected from State funds. 

NotEe.—The results of a 3-year experiment reported in this bulletin indicate that fall irrigation in 
the irrigated sections of the Great Plains area produces an increase in yield of field crops more than com- 

pensating for the cost. 

51844°—l4——_1 
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Several years ago it was suggested that the soil-moisture conditions 
in sections where the winter precipitation was light might be very 
much improved if the soil was saturated with irrigation water after 
the crop was removed in the fall. It seemed likely that an applica- 
tion of water at this time would afford an opportunity for establishing 
satisfactory moisture conditions, not only in the surface soil but in 
the subsoil to a depth of 6 feet or more during the time elapsing 
between fall irrigation and the planting of crops the following spring. 
It was thought that if this were true better crops might be produced 
in certain inaoated sections of the Great Plains area af fall irrigation 
were practiced. In order to determine what effect fall irrigation 
would have on the crops grown, a series of experiments was started 
at the Scottsbluff Experiment Farm in the fall of 1910. These 
experiments were continued in 1911, 1912, and 1913, and three years’ 
results are now available for consideration. An account of these 
experiments and the results secured is given in this bulletin. 

SOIL CONDITIONS. 

The surface soil at the experiment farmis asandy loam. At depths 
varying from 3 to 7 feet the loam is underlain by a stratum of Brule 
clay varying in thickness from 1 inch to 4 inches. This clay is ex- 
tremely hard when dry, but it is not highly impervious to water. 
Under the clay the soil to great depths consists of a very fine sand. 
This sand is hard when dry, but when moist it is soft and friable. 

RAINFALL. 

As previously stated, the rainfail in western Nebraska is compara- 
tively ight during the fall and winter months. This is indicated in 
detail in Table I, which shows the precipitation in inches from 
October, 1910, to December, 1913, inclusive: 

Taste I.—Precipitation in inches at the Scottsbluff Experiment Farm from October, 
1910, to December, 1913, inclusive. 

Year. | Jan. | Feb ‘Mer Apr. | May.| June.| July.| Aug. | Sept. | Oct. | Nov.| Dec, | Total 

LOL aero sete eee | aErses | eeiete |. Sete coeretects fe eee | eer | rere | terete | sige | OL3L | 0205205237) Sonera 
DOTS sects sister aaa | 0.45 | 0.10 2.31 | 0.81 | 2.13 | 1.28 | 0.65 | 2.14 71.10) .08) .34) 11.39 
1 OND 2s Sie nites sist ste Strate | «200 .2:60) L 27 | B.02h 21566 | 60 2.45) 522-77 225 FO TGs). e875 20 18, 51 
LONG. corec cesceaseee | 0 0 603)> 184.3. 72215 To0d, 1.802) 4.33.) 108s) 47 | dd 8 13. 75 

| 

Table I shows that the total annual precipitation at the Scottsbluff 
Experiment Farm was 11.39 inches in 1911, 18.51 inches in 1912, and 
13.75 inches in 1913. The average annual rainfall of the three years 
was 14.55 inches. The chief feature of the rainfall in connection 
with the fall-irrigation experiments is the quantity of precipitation 
which came during the autumn and winter months each year preced- 
ing the growing seasons of 1911, 1912, and 1913, when the crops used 
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in these experiments were grown. The total precipitation from Octo- 
ber 1, 1910, to April 1, 1911, amounted to 1.19 inches. From Octo- 
ber 1, 1911, to April 1, 1912, the total precipitation was 3.59 inches, 
and from October 1, 1912, to April 1, 1913, it was 2.13 inches. The 
average total rainfall for this 6-months period during the three 
years was 2.3 inches, or a little less than 16 per cent of the average 
total annual rainfall during 1911, 1912, and 1913. 

The above facts substantiate the statement previously made in 
connection with the low precipitation of the fall and winter months. 
Since much of this precipitation comes as small showers or as light 
snowfalls, a large proportion of the moisture is lost by evaporation 
from the surface soil, so that during the months from October to 
March, inclusive, comparatively little moisture is added to the soil 
by precipitation. This being true, soil which has given up the 
greater part of its available moisture to a field crop remains compar- 
atively dry during the following winter. 

The precipitation which came during the growing season of 1911, 
1912, and 1913 could not be expected to influence greatly the results 
obtained with fall irrigation, since it fell on all the plats in the experi- 
ment and since irrigation water was applied uniformly to all the plats 
during the growing season. The chief point to be considered in con- 
nection with the,rainfall as it affected the results of these experi- 
ments is that the fall and winter period was comparatively dry, the 
precipitation being insufficient to increase materially the quantity of 
moisture in the soil, particularly at depths of a foot or two below the 
surface. 

METHODS OF EXPERIMENT. 

Of the land used for these experiments one half was irrigated in 
the fall each year, and the other half was not so irrigated. In the 
fall irrigation, water was applied copiously to the soil, so as to sat- 
urate the latter to as great a depth as possible. This water was 
applied late in September or early in October each year, usually 
between September 15 and 30. In the fall of 1910 the land to be 
fall irrigated was plowed before irrigation, but it was found that 
this method necessitated considerable extra labor. In order to irri- 
gate after plowing, the land had to be leveled, and after irrigation 
it was necessary to harrow the land in order to check evaporation. 
If irrigation water were applied before plowing, the leveling could 
be dispensed with. For this reason, in the fall of 1911 and again in 
the fall of 1912 the land was irrigated before plowing. 

In the spring of each year crops were planted on the fall-irrigated 
land, and the same crops were planted on adjacent land not so irri- 
gated. The spring and summer treatment of the land and crops 
was identical in both cases. Each crop was planted on the same 
date on both the fall-irrigated land and the land not so irrigated, 
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and the irrigation during the growing season was uniform in both 

cases. 
Irrigation was applied to the plats in both series by the usual meth- 

ods. The potatoes, sugar beets, and corn were irrigated by means 
of furrows between the rows and the grain crops were irrigated by 
the field-fiooding method. The water applied to the different plats 
was not measured, but irrigation was practiced in the way it is com- 
monly done by good farmers in the locality. The water was allowed 
to flow over each plat so long as the soil absorbed it readily. In 
1911, the only year in which soil-moisture determinations were made, 

it was found that at the first irri- 
gation, June 10, the soil on the fall- 
irrigated land, Series VI, absorbed 
the irrigation water very readily. 
The soil was saturated to a depth 
of about 18 inches, and a good sup- 
ply of water penetrated to a depth 
of 6 feet. Series VII, which was 
not fall irrigated, required a longer 
run of water in order to saturate 
the upper 18 inches of soil, and 
when this was done dry soil was 
found at a depth of 24 inches. Af- 
ter several attempts to apply addi- 
tional water to Series VII and thus 
put moisture in the lower depths, 
the loss of water by run-off was so 
great that the flow had to be 
stopped. The results of the mois- 
ture studies made in 1911 are dis- 

W6 sf YS } cussed later in this builetin. 

Fiq. 1.—Diagram of Series VI and VII on field H, The crops used in these experl- 
Scottsbluff Experiment arab uiere ee caper: ments were wheat, barley, oats, 
iments in fall irrigation were conducted. 

; potatoes, sugar beets, and corn. 

Corn was not included, however, until 1912, and only two years’ 
results with this crop are available. 

The experiments were conducted in field H, Series VI and VII, 
shown in figure 1. Series VI was fall irrigated each year and Series 
VII received ro fall irrigation. The plats used were one-tenth acre 
in size. In 1911 there were on each of the series three plats each of 
wheat, barley, oats, potatoes, and sugar beets. In 1912 each series 
contained two plats of potatoes, two plats of corn, and three plats 
each of the four other crops. In 1913 there were on each series two 
plats of barley, two plats of potatoes, and three plats of each of the 
four other crops. 
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No attempt was made to conduct these experiments in definitely 
established crop rotations. The principal feature in the sequence of 
crops from year to year was that in most cases a cultivated crop fol- 
lowed an uncultivated one. For example, plat 2 in each series grew 
wheat in 1911, corn in 1912, and oats in 1913; and plat 11 in 
each series grew beets in 1911, wheat in 1912, and corn in 1913, 
The field on which these experiments were conducted was broken 
in the spring of 1910, so that all of the crops grown in 1911 were 
produced on virgin soil. The sequence of crops on the plats in both 
series during the years 1911, 1912, and 1913 is shown in Table II. 
Exactly the same sequence was used in Series VI as was used in 
Series VII; that is to say, for any given plat in Series VI in any one 
of the three years the corresponding plat in Series VII in the same 
year was planted to the same crop. 

TaBLE II.—Sequence of crops in the plats in Series VI and VII, used for the fall-irrigation 
experiments at the Scottsbluff Experiment Farm in 1911, 1912, and 1913. 

Year and crop. Year and crop. 

Plat No. Plat No. 

1911 1912 1913 1911 1912 1913 

ee oe ae ao ESET eeenee Potatoes ..| Barley. Le ame eer ae Oatsrares Barley ....| Beets. 
Deny sae Ie Wheat....| Corn......| Oats. 10 yeaa eee Potatoes ..| Oats...... Potatoes. 
See pare se Barley....| Beets..... Wheat. 1D eee Rana iBeetsheaas Wheat. .-..| Corn. 
Re ho a es Oats e222). Barley....| Beets.1 DAE es Aes a Wheat....| Potatoes ..| Oats.1 
Onion ee: Potatoes ..| Wheat ....| Potatoes. BG eae ais Oatsees == Beets.....| Wheat.1 
Goenka Beets... .. Oatszsaaee Corn. 1420 INS RE Potatoes ..} Barley....| Bests. 
Usa ee Wheat....| Corn...... Oats. 15S Sey deers & Barley. ..-| Oats... .-- Corn.! 
SieeeS a eee Barley....| Beets... .. Wheat. LG ae ee IBEetSe ss Wheat....| Barley. 

| 

1 These plats were used for a special experiment in 1913, and the yields of the crops are not considered in 
this report. 

Table If shows that with the exception of plats 4, 9, and 15, an 
intertilled crop (potatoes, corn, or beets) was grown in alternation 
with either wheat, oats, or barley during the 3-year period. 

RESULTS OF EXPERIMENTS. 

A discussion of the cultural treatments applied and of the results 
secured in the fall-irrigation experiments during the 3-year period is 
given in the pages that follow. : 

WHEAT. 

Defiance spring wheat was used in these experiments and was 
planted with a press drill at the rate of 6 pecks per acre each year. 

In 1910 the land in both series was plowed during the first week in 
September. Both series were harrowed and leveled after plowing, 
On September 15 Series VI was irrigated. After the irrigation it 
seemed advisable to harrow Series Vi for the purpose of checking 
evaporation, and in order to preserve uniformity both series were 
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harrowed at the same time. In the spring of 1911 the land was pre- 
pared for seeding by harrowing and leveling. The wheat was seeded 
on March 31. On Series VII, which had not been irrigated the pre- 
ceding fall, the soil was very dry at planting time in the spring of 1911 
and the grain was very slow to germinate. After the rains, which 
came during the latter part of April, however, the grain came up 
promptly and a good stand was secured on both series. 

The wheat plats in the two series were irrigated uniformly twice 
during the season of 1911. No differences were noted in the time 
of maturity of the wheat on the two series. The crop reached matu- 
rity on August 10. 

In 1911 Series VI was irrigated on September 29 and 30. As soon 
as the soil was sufficiently dry in Series VI both series were plowed to 
a depth of about 7inches. They were left in a rough condition during 
the winter. [tis believed that leaving the soil in the rough condition 
had the effect of preventing much of the soil drifting which commonly 
occurs when the soil is left in a finely pulverized state during the win- 
termonths. As previously stated, the total precipitation from October 
1, 1911, to April 1, 1912, was 3.59 inches, which was more than that 
which fell during the corresponding period in either the preceding or 
the following year. This relatively high precipitation left the soil on 
the series not irrigated in the fall in better condition at spring planting 
time in 1912 than at the corresponding time in 1911. When spring 
operations were begun in 1912, the surface soil on both series was in 
excellent condition for receiving the seed, and it was expected that 
there would be little, if any, difference in the yields obtained on the two 
series during that year. The two series were double-disked, harrowed, 
and leveled preparatory to seeding, and the wheat was planted on April 
10. Uniform treatment was appiied to the two series as in 1911. 
Both series were irrigated twice. No difference was noted in the 
time of maturity of the wheat on the two series. The crop on all 
the plats ripened August 2. 

In 1912 Series VI was irrigated on September 29 and 30. As soon 
as the soil was sufficiently dry in Series VI both series were plowed 
and left in a rough condition over winter. The preparation for plant- 
ing in the spring of 1913 was the same as that in 1912. The wheat 
was planted on April4. The soil was in good condition at the time of 
planting and copious rains in April resulted in a uniform germination 
of the grain on all the plats. The irrigation and other treatments 
subsequent to planting were uniform on both series during the growing 
season. Both series were irrigated twice. All the wheat ripened 
about the same time, July 30. 

The numbers of the plats, the height of the wheat at maturity, the 
yields of straw and of grain, and the number of pounds of straw accom- 
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panying the production of each bushel of grain during the three years 
are given in Table Ii. The plat numbers were the same in each 
series each year. In other words, where plats 5, 11, and 16 in Series 
VI were fall irrigated, the corresponding plats in Series VII grew the 
same crops and were otherwise treated in the same way, except 
that they received no fall irrigation. In studying the table it is 
necessary to keep this in mind and to remember that the figures in 
columns headed ‘‘ VI” relate to the fall-irrigated plats, while those 
in the column headed ‘‘ VII” relate to the plats which were not fall 
irrigated. 

TABLE II1.—Results obtained with wheat on fall-irrigated land (Series VI) and on land 
not fall irrigated (Series VII) at the Scottsbluff Experiment Farm in 1911, 1912, and 
1913. 

Yield per acre. 

Height (inches). | REL Oh ee 
Year and plat. Straw (pounds). Grain (bushels). 

VI. Vil. VI. VII. VI. VII. VI. VII. 

, 1911. 
sh eae ae AB eeue 29 28 3, 520 2,940 31.1 22.6 113.2 130.1 
lati: a steer O27 31 29 3, 220 2, 640 31.3 21.0 102.8 12587; 
Patil ee eae se 31 28 8, 020 3,170 32.1 23.8 94.1 133.2 

Average.-....-. 30 28 3, 253 2,916 31.5 22.4 103.3 130.2 

1912. 
plata cee ae as 40 36 3, 910 3, 410 45.5 46.9 85.9 (PE 
TRE INS a ee eee 42 38 3, 080 2, 250 40.7 35.9 75.7 62.9 
Plat 16........ See SRE 40 37 2,720 3, 760 38.7 32.4 70.3 116.0 

Average........ 40 37 3, 236 3,140 41.6 38.4 77.8 81.8 

1913. 
Plait mera sects s/asis's 5 36 37 1, 640 1, 200 26 3 20.6 62.4 68.2 
NARS eee oe eek 39 38 1, 750 2, 060 27.5 25.0 63.6 82.4 

Average........ 37 37 1, 695 1, 630 26.9 22.8 63.0 71.5 

Average results, three : 
VOLS seyesiesse t eins ise 35. 8 34.1 2, 728 2,562 33.3 27.8 81.9 92.1 

Difference in favor of 
fall irrigation....... +1.7 | +166 +5.5 —10.2 

i 

Table III shows that the average results obtained with wheat during 
each of the three years favored fail irrigation. There were several 
individual instances in which the results did not agree with the average 
results, but the inconsistencies were in all cases relatively small. Con- 
sidering the average results during each of the three years, the wheat 
on fall-irrigated land grew taller and produced heavier yields of straw 
and of grain and a lower proportion of straw to grain than the wheat 
on land which was not fall irrigated. Considering the average results 
of the 3-year period, the wheat on the fall-irrigated land grew 1.7 
inches taller, produced 166 pounds more of straw, 5.5 bushels more of 
grain per acre, and 10.2 pounds less straw per bushel of grain than the 
wheat on the land which was not fall irrigated. 
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BARLEY. 

The soil treatment applied to the plats which produced barley was 
substantially the same as that applied to the wheat plats during the 
three years. Plowing and other operations necessary in preparing 
the seed bed were the same on the barley plats as on the wheat plats, 
and fall irrigation was applied at the same time each year. A variety 
of barley known as California Feed was used during each of the three 
years, and it was seeded at the rate of 7 pecks per acre. 

In the spring of 1911 the barley was planted on April 20. At this 
time the surface soil on both series was’very dry, and very little seed 
germinated until after a rain of 0.35 inch which came on May 2. This 
rain supplied sufficient moisture to the fall-irrigated plats, but was not 
sufficient to germinate the grain on Series VII, where no fall irriga- 
tion had been applied. The barley on Series VII did not come up 
until after a heavy rain on May 15. After this rain the barley on both 
series grew well. The first irrigation was applied to the barley plats 
on both series on June 12. It was noted that the soil on Series VII 
absorbed moisture much less rapidly that that on Series VI and that 
the depth to which the irrigation water penetrated was somewhat 
ereater on Series VI than on Series VII. The barley in both series 
was irrigated the second time on June 27. At this time the barley 
on the plats which had been fall irrigated showed the need of water 
much less than that on the plats on Series VI, but, in order to preserve 
uniformity, all plats were irrigated. The barley was irrigated twice 
during the season. The grain on both series matured on July 26. 

In the spring of 1913 soil conditions at planting time were much 
more favorable than in 1911. This apparently was due te the rela- 
tively high rainfall of the preceding autumn, as was mentioned in con- 
nection with wheat. The seed was planted on April 24. The barley 
on both series germinated well and good stands were secured. The 
plats were irrigated twice during the season. The grain on both series 
matured July 30. 

In the spring of 1912 barley was planted on both series on April 28. 
The soil conditions were fairly favorable. There was sufficient mois- 
ture in the soil to germinate the seed and support early growth. The 
plats in both series were irrigated twice during the season. ‘The grain 
ripened on both series on July 28. 

The numbers of the plats, the height of the barley at maturity, the 
yields of straw and of grain, and the number of pounds of straw accom- 
panying the production of each bushel of grain during the three years 
are given in Table IV. The plat numbers were the same in each series 
each year. The figures in the columns headed ‘‘ VI” relate to the fall- 
irrigated plats, while those in the columns headed “VII” relate to the 
plats which were not fall irrigated. 
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TABLE IV.—Results obtained with barley on fall-irrigated land (Serves VI) and on land 
not fall irrigated (Series VII) at the Scottsbluff Experiment Farm in 1911, 1912, and 

- 1913. 

Yield per acre. 

Height (inches). Seer aeletaa nad 
Year and plat. Straw (pounds). Grain (bushels). 

VI. VIL. VI. VII. VI. VII. VI. VII. 

1911 
PlatiShesceecencee ae Ss 29 25 2, 640 2, 700 40.4 24.5 65.7 110.2 
PIA See eee nics coe 31 26 2,335 3, 060 34.8 30.0 67.1 102.0 
Patel peepee Sesto 31 25 2,745 3, 080 37.6 29.5 73.0 104.4 

Average........ 30 25 2,573 2,936 37.6 28.0 68. 4 104.9 

1912 
TE peak ee A ee 36 36 97 870 37.1 33.9 26.1 25 
PATO ae ose ee 37 34 1, 640 790 43.3 2.5) 37.9 24.3 
MP late wee eer. 37 36 2,150 1, 400 48.1 38.6 44.7 36.3 

Average.....- 37 36 1, 586 1,020 42.8 35.0 By/eal 29.1 

1913 
Lely na a be Oe ee sea 30 32 1,340 1,380 29.1 27.0 46.0 51.1 
lab lO es eee ee 32 32 1, 720 1, 430 31.8 26.8 54.1 53.4 

Average........ 31 32 1, 530 1, 405 30.4 26.9 50.3 52.2 

Average results, three 
VCOUS ee rerep tenis seni 82.5 30. 7 1, 896 1, 787 35.9 29.9 51.4 59.8 

Difference in favor of 
fall irrigation....... +1.8 +109 +7.0 —8.4 

J 

Table IV shows that the average yields obtained with baleey during 
each of the three years were in favor of fall irrigation, and the same 
was true with all but one of the individual grain yields obtained. 
Barley on fall-irrigated land produced higher average yields of straw 
per acre each year, except 1911. In 1911 and 1912 the barley grew 
somewhat taller on the fall-irrigated land, but in 1913 the height of 
the matured grain was slightly greater on the land which was not fall 
urigated. The average proportion of straw to grain was lower on the 
fall-irrigated land in 1911 and 1913 and higher in 1912. Considering 
the average results of the 3-year period, the barley on fall-irrigated 
land was 1.8 inches taller than that on land not fall irrigated, and it 
produced 109 pounds more of straw and 7 bushels more of grain per 
acre and 8.4 pounds less of straw per bushel of grain. 

OATS. 

The soil treatment and fall irrigation applied to the plats producing 
oats were the same as those applied to the plats producing wheat and 
barley during the 3-year period. <A variety of oats known as ‘‘ New 
Market”’ was used each year, and the seed was planted at the rate of 
10 pecks per acre. 

In 1911 the condition of the soil at planting time, April 20, was the 
same on the oats plats as on the barley plats, and the seed on both 

51844°—14——_2 



10 BULLETIN 133, U. S. DEPARTMENT OF AGRICULTURE. 

series was slow to germinate. The rains, which came on May 2 and 
May 15, however, added sufficient moisture to the soil to start a good 
stand on both series. The oats were irrigated twice during the 
season. No difference was noted in the time of maturity, the grain 
on all the plats having ripened on July 26. 

In the spring of 1912 the soil was in excellent condition when the 
oats were planted on April 24, and good stands were secured on both 
series. The oats were irrigated twice during the season. No differ- 
ences were noted between the two series tale the grain began to head. 
From this time on the crop on the fall-irrigated plats was more vigor- 
ous than on the plats which had not been fall irrigated. The grain 
was ripe on both series on July 29. 

Tn the spring of 1913 the oats on the fall-irrigated plats germinated 
much more promptly than those on the plats in Series VII. The 
germination on the plats which were not fall irrigated was very irreg- 
ular, but the rains which came in the early part of May added suffi- 
cient moisture to the soil to produce satisfactory stands. The oats 
were irrigated twice during the season. The grain ripened about 
August 1 on both series. 

The numbers of the plats, the height of the oats at maturity, the 
yields of straw and cf grain, and the number of pounds of straw 
accompanying the production of each bushel of grain during the 3-year 
period are givenin Table V. The plat numbers were the same in both 
series each year. In Table V, the figures in the columns headed ‘ VI” 
relate to the fall-irrigated plats, while those in the columns headed 
“VII” relate to the plats which were not fall irrigated. 

TaBLE V.—Resulis obtained with oats on fall-wrrigated land (Series VI)andon land not fall 
irrigated (Series VII) at the Scottsbluff’ Experiment Farm in 1911, 1912, and 1913. 

Yield per acre. Dounaeorat 

Teight (inches). URES OLS ELA EDEE 
Year and plat. Straw (pounds). Grain (bushels). bushel of grain. 

VI. | VET: Vil. Vain VI. eV IT. Vi. VII. 

1911 
Mlatasss secs saoe eee 40 40 3,380 2,610 66. 2 40.3 tot 64.8 
Plasto sete ake eae a 40 38 8, 350 3. 280 62.5 D8. 1 53. 6 61.1 
Pitts So nee oe eee ate 38 36 3, 790 3, 640 76. 8 dD50 49.3 66. 2 

Average........ 39 38 3, 506 3,178 68. 5 49.6 Dee, 64.1 

1912. | 
PPS On eee ee 41 42 2,920 2, 230 65.6 DDS 44.5 40.3 
Plat lO Sseeanc cess en 44 44 4,920 3, 630 113.0 96. 0 43.5 37.8 
Plate pace os cer 42 42 4,670 3, 790 105. 2 94.1 44.4 40.3 

Average......-- 42 | 42 4,170 3,216 94, 6 81.8 44,1 39.3 

1913. 
Plate ects 2 sete eek 43 42 3, 000 1,910 84.3 76.5 35.6 24.9 
fh Ey (See ee 45 42 3, 620 2;100 101. 2 97.5 35. 8 2155 

Average.......- 44 42- 3,310 2,005 9207 87.0 BHT é 23.0 

Average results, 3 
Veal steers see ccaee.e 41.9 40. 8 3,656 8,521 83. 8 72.8 43.6 48.4 

| 

Difference in favor of Tee 
fall irrigation. ...... +1.1 +135 +11.0 —4.8 
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As shown in Table V, the individual yields of oats were in most 
-eases higher on the fall-irrigated land, and the same was true with 
respect to the individual yields of straw. In 1911 the proportion of 
straw to grain was uniformly lower on fall-irrigated land than on land 
not fall irrigated, while the reverse was true in 1912 and 1913. Con- 
sidering the average results of each year, the oats on the fall-irrigated 
land were taller in 1911 and 1913 and the same height in 1912; the 
average yield of straw per acre was higher on the fall-irrigated land 
in each of the three years, and the same is true with respect to the 
average yield of grain. Considering the average results of the 3-year 

- period, oats on fall-irrigated land grew 1.1 inches taller, produced 135 
pounds per acre more of straw, 11 bushels more of grain, and 4.8 
pounds less of straw per bushel than oats on land not fall irrigated. 

CORN. 

Corn was included in this experiment in 1912 and 1913 only. The 
preparation of the land and the fall irrigation were the same as with 
the crops previously discussed. A local variety known as Calico corn 
was used. The seed was planted in rows 40 inches apart and the 
plants were thinned to 20 inches apart within the row. 

in 1912 the corn was planted in both series on May 8. The crop 
was irrigated once during the season of 1912. No differences were 
noted as to the stage of maturity reached by the corn on the two 
series during the year. The crop was harvested on September 15, at 
which time the grain on all the plats was about 85 per cent matured. 

In 1913 the corn was planted on May 19. During the period from 
July 7 to 12 severe hot winds prevailed and damaged the corn on 
both series to some extent. No differences were noted between the 
plats on the two series as to the damage done by the hot winds. The 
crop was irrigated once during the season. No differences were 
noted as to the stage of maturity reached before frost. The corn 
in both series was harvested on September 18, at which time it was 
practically all matured. 

The numbers of the plats and the yields per acre of stover and of 
erain during the years 1912 and 1913 are given in Table VI. 

Table VI shows that with one exception the individual grain yields 
of corn were higher each year on the fall-irrigated land. Considering 
the averages obtained in each of the two years, the yields of stover 
and of grain were higher on fall-irrigated land than on land not fall 

- wrigated, and the proportion of stover to grain was lower on the fall- 
irrigated land. Considering the average results of the two years, 
the corn on fall-irrigated land produced 490 pounds per acre more of 
stover, 10.6 bushels per acre more of grain, and 5.4 pounds less of 
stover per bushel of grain than the corn on land which was not fall 
irrigated. 
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TaBLe VI.—Resulis obtained with corn on fall-irrigated land (Series VI) and on land 
not fall irrigated (Series VII) at the Scottsbluff Experiment Furm in 1912 and 1913. 

Yield per acre. 

Pounds of stover 
per bushel of grain. 

Year and plat. Stover (pounds). Grain (bushels). 

VI. Valle AYA Ei ena gs Vil: Vil: 

1912 

Plat Qos s ecco as enemies ake Gots wwe cence ece 4,400 4,650 57.2 52.7 76.9 88.2 
Pla tieectaecen st ese eee eee ceeeemanen 3, 700 3, 100 47.2 44.9 78. 4 69.0 

AVOLAP Os teens sea eee eee 4,050 3,875 52.2 48.8 77.5 79.4 

1913 | 
PIA TiO see eee Ne eee eee een ae aaa 4,000 4,100 70.0 | 56.4 57.1 (PRE 
2 Er bt ee Ae See ere ee et eo a ee ae 4,850 3,040 62.1 | 40.0 78.1 76.0 

BASVGIA POL ss eal. cce cerejasaiele Se.clee see 4,425 3,570 66.0 48.2 67.0 74.1 

Average results, 2 years....---...--------- 4,212 3, 722 59.1 48.5 71.3 76.7 

Difference in favor of fallirrigation,......- +490 +10.6 —5.4 

SUGAR BEETS. 

The soil treatment for sugar beets was the same as that previously 
described in connection with the other crops in this experiment. 
Sugar beets were planted in 1911, 1912, and 1913. 

In 1911 the beets were planted on April 30. At this time the soil 
on Series VII, which was not fall irrigated, was so dry that none of 
the seeds germinated until about May 20. At this time heavy winds 
caused considerable soil drifting, which so damaged the crop on 
Series VII that the stand was reduced to such a point as to be con- 
sidered a failure. It was too late to reseed, and sugar beets were 
therefore discarded for the year 1911. 

In 1912 the beets were planted on April 27 in rows 20 inches apart, 
the seed being planted at the rate of 15 pounds per acre. Soil drift- 
ing again destroyed the stands, and the plats were reseeded during 
the second week in May. A good stand was secured from the second 
seeding. The beets were irrigated three times during the season. 

In 1913 the beets were planted on May 20 in rows 20 inches apart, 
the seed being planted at the rate of 17 pounds per acre. The plants 
were thinned to 12 inches apart in the row. The crop was irrigated 
three times during the season. The numbers of the plats and the 

‘ yields per acre obtained during 1912 and 1913 are stated in Table VII. 
Table VII shows that the average yield of sugar beets was higher 

each year on the fall-irrigated land than on the land which received 
no fall irrigation. The average results of the two years show an 
increase of 1.6 tons per acre in favor of fall irrigation. 
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TaBLe VIL.—Results obtained with sugar beets on fall-irrigated land (Series VI) and on 
land not fall irrigated (Series VII) at the Scottsbluff Experiment Farm in 1912 and 
1913. i 

Yield per acre (tons). 

Year and plat. = 

Valuer li, evel 

1912 

THEW Bs om odo oe a Se IS NS ee et MR ec fay das ed EER Do 13.4 13.1 
SET EUG eas eee sare eae eS 22 203) ) St 2 Sh emerge ah 2 2 hose se 11.0 8.6 
TPA EYE TB) asd So GR SNES Pa Ecorse RSet 0912) OS Sa ee eet 1583 12.6 

ENS CET ELD) ei aa IN a eI ag me Eo 12.2 11.4 

1913. 

[BYE On oS Se eee ee eae nee RE RIE SSE e A te a ir eS 11.2 8.3 
tpl spe ements cers meme eS Lee od) gc See at aloes Big snomeiec 11.6 9.5 

PAW OLD POSE sisi teen eis Nebr erode Shy aie dS NOR retro Sl ea 11.4 8.9 

Average results, 2 years AES cs SE SRR 5 oc es ao 12.3 10.7 

Difterenceindavonoltallinrnigcation ess) 5 = 2. 2 a. See ae Re ne a es teal) 

POTATOES. 

The preparation of the land for potatoes was substantially the 
same as that for the crops previously discussed. Early Ohio pota- 
toes were used. The seed was planted in rows 42 inches apart, with 
the hills 15 inches apart in the row. 
In 1911 the potatoes were planted during the second week in May. 

The plants came up promptly on both series and made good growth 
until July 3. At this time a disease known as leaf-roll attacked them 
and in less than two weeks the entire crop was destroyed, so that no 
yields were secured in 1911. 

In 1912 the potatoes were planted during the second week in May. 
At the time of planting, the surface soil contained an abundance of 
moisture and an excellent stand was secured on both series. During 
the growing season no important differences were apparent between 
the two series. "The crop was irrigated three times during the season. 

In.1913 the potatoes were planted on May 30. Good stands were 
secured and no differences in the growth of the vines on the twoseries 
were noted during the season. The plats in both series were irrigated 
uniformly twice during the season. The numbers of the plats and 
the yields per acre in 1912 and 1913 are stated in Table VIII. 

As shown in Table VIII, no important differences, either in the 
individual yields or in the average yields, were obtained with pota- 
toes. Considering the average results obtained during each of the 
two years, the yields were slightly higher on the fall-irrigated land, 
but the differences were insignificant. 
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Taste VIII.—Results obtained with potatoes on fall-irrigated land (Series VI) and on 
land not fall irrigated (Series VII) at the Scottsbluff Experiment Farm in 1912 and 
1978: 

Yield per acre (bushels). 

Year and plat. i aso 

Nae Vil. 

1912 
BURGH 25 Sis & der aiee Sbecisecss eels enous Se ceeeiaete seem Sesion ereee aoc ee soon sans 120.0 |. 118.0 
02 Bees ae eS ON aaa ares ane aE pes ae en Ona Onen acm bende snennocnaae 122.0 121.0 

BV GIALO® 23. coca c= eee eee coe Se ee eee ee 121.0 119.5 

1913. | 
LS ae ee a ae Oe eae ee meee Meri an acer aan Serra eS | 137.0 129.0 
Plapl Osi css sawten etch es wicks es ooo eee case eeceeeemeseees eee a eee ee 120. 0 121.0 

ANVGTALG22 2 o.oo ca Ser ecss meses onecsae Soon nwo ee vasesseeet sesedecus 128.0 125.0 

Average results, 2:-years.. !: 2.2222: 6.2225s2i2.see222. Be Mee ees eo oe eee 124.5 122. 2 
| ny } 

Difference in favor of-fallirmgation’.../.2.2222.22..2c0-22 gence ses 2-22. eoeeeeees +2.3 

SUMMARY OF ALL CROPS. 

The more important figures previously given in connection with the 
six crops included in the experiment are briefly summarized in Table 
IX. This table states the number of years results have been secured 
with each crop, the number of plats which have been devoted to each 
crop during the period, the average yields of potatoes and sugar beets, 
and the average grain yields of the grain crops. The differences in 
favor of fall irrigation are also stated. In order to show the relative 
effect of fall irrigation on the six different crops, the yields given in 
the first part of the table are stated in percentages in the last three 
columns, where the yields obtained on the land which was not fall 
irrigated are considered as 100 per cent in each case. As in the pre- 
ceding tables, the figures in the columns headed “ VI”’ relate to fall- 
irrigated land and those in the columns headed “VII” relate to the 
land which received no fall irrigation. 

TasLe 1X.—Average and relative yields of six crops on fall-irrigated land (Series VI) and 
on land not fall irrigated (Series VIL) at the Scottsbluff Experiment Farm. 

| | | 
| N S lativ ] 7} 

Scene Average yield per acre. | ser sec, o SSCS 

nN NUT 0 | TT OL per | Crop. | ie | 
| of years. vield. | Gain by Gait by 

| Valen |e Vole Vi. | VIE. |) falbirri= | °Vi: VII. | fallirri- 
i | gation. | gation. 

2? 42} | | i =| 

Wheat........- | 3 | 8 | 8 | Bushel....| 33.3 27.8 5. 5 119 100 19 
Barley ........ 3 8 | 8 lo edo- ena. 36.9 29. 9 7.0 123 100 23 
Oats: 22.2 3 8 | Scecdonee 83. 8 72.8 11.0 | 115 100 15 
Corneticca seen 2 | 4 | Baer dOe feces 59.1 | 48.5 10. 6 122 100 22 
Sugar beeis. - . gy O58 5 Donssssnes ino) LO 1.6 115 100 15 
Potatoes...... | 2 | 4} {} Bushel....| 124.5] 122.2 Eo 102 100 2 

Miccops. 1. eee. Pea A ee ep. eran Nea ee 116] ~~ 100 16 
| 
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As shown in Table IX, the average yields of all six crops were higher 
on fall-irrigated land than on land which was not fall irrigated, the 
average increase having been 16 per cent. 

SOIL-MOISTURE STUDIES. 

The soil-moisture conditions on, the three wheat plats in each series 
were studied during the season of 1911. A 6-foot boring was taken 

MOISTURE CONTENT —FER CENT 

~ 

Fig. 2.—A veragemoisture content of soil to a depth Fig. 3.—Average moisture content of soil toa depth 

of 6 feet on three wheat plats on fall-irrigated of 3 feet on three wheat plats on fall-irrigated 

land and three wheat plats on land not fall land and three wheat plats on land not fall 

irrigated at the Scottsbluff Experiment Farm, irrigated at the Scottsbluff Experiment Farm, 

1911. 1911. 

from each of the three plats in each series seven times during that 
season, and the moisture content of each 1-foot section of soil was 
determined. The wheat plats on both series were irrigated twice 
during the season of 1911, on June 10 and July 5 and 6, and the plats 
in Series VI had been irrigated in the fall of 1910, as previouslystated. 

AIRF HUAYIS MY 28 UNE T3 SUNE 2? HI 10 SEPT, 2P 

& (250 MAY IS PEY 28 SNES AED? WU SEPT. 22 

aw, Se 
ZUNE EY 7 eal 

Nae, 

MOISTURE CONTENT=—PER CENT 

~ Ss eA 
& 
os ae EN | 
See) ONY u 

g 6 
Ss 
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Fic. 4.—A verage moisture content of surface foot of Fic. 5.—A verage moisture content of the sixth foot 

soil on three wheat plats on fall-irrigated land and of soil on three wheat plats on fall-irrigated land 

on three wheat plats on land not fall irrigated at and on three wheat plats on land not fall irrigated 

the Scottsbluff Experiment Farm, 1911. at the Scottsbluff Experiment Farm, 1911. 

The moisture content of the soil on the seven sampling dates is shown 
in figures 2, 3, 4, and 5. The average moisture content of the first 
6 feet is shown in figure 2 and that of the first 3 feet in figure 3, while 
figures 4 and 5 show the moisture content of the first foot and sixth 

| foot, respectively. 
As shown in figure 2, the average moisture content of the first 6 

feet of soil was higher throughout the season on the fall-irrigated 
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land than on the land that was not fall irrigated. The difference was 
about 7 per cent on March 30 and May 15, about 3 per cent on May 28, 
more than 8 per cent on June 13, 4 per cent on June 27, 1 per cent on 

July 10, and 4 per cent on September 28. That these differences in 
the average moisture content of the first 6 feet were due mainly to the 
relative dryness of the lower portion of the 6-foot zone of soil on the 
land not fall irrigated can be seen by an examination of figures 3, 4, 
and 5. 

Figure 3 shows the average moisture content of the first 3 feet on 
the two series. It is seen that the fall-irrigated land had more mois- 
ture in the upper 8 feet of soil than the land not fall irrigated, but the 
differences were decidedly less than those obtained where the upper 6 
feet were considered, except on March 30, when the difference was 
nearly as great as that shown in figure 2. 

As shown in figure 4, the moisture content of the upper foot of soil 
was very nearly the same on both series throughout the season, but 
the fall-irrigated land contained somewhat more moisture on all the 
sampling dates except July 10. 

Figure 5 shows the moisture content of the sixth foot of soul during 
the season of 1911. It is seen that the sixth foot of soil on the land 
not fall irrigated was comparatively dry throughout the season. It 
contained about 5 per cent of moisture on March 30, and this moisture 
content increased to about 9 per cent by September 28. The sixth 
foot of soil on the fall-irrigated land contained nearly 12 per cent of 
moisture on March 30, and about the same on September 28. 
A study of these four figures leads to the following conclusions: 

(1) The irrigation water applied in the fall supplied abundant moisture 
to the soil to a depth of at least 6 feet, while the land not fall irrigated 
remained relatively dry during the following winter. (2) The irriga- 
tion water applied during the season of 1911 percolated to the lower 
depths in the moist soil of the fall irrigated land more rapidly than in 
he relatively dry soil of the land not fall-irrigated. (3) The more 

favorable soil-moisture conditions on the fall irrigated land during 
the growing season were due chiefly to the fact that on that land the 
soil was well supplied with moisture at the beginning of the season. 

SUMMARY. 

(1) In many sections of the Great Plains area a comparatively 
small proportion of the annual precipitation comes during the period 
from October to March, inclusive, and the result is that the soil is fre- 
quently too dry at planting time in the spring to promote germina- 
tion and support an early growth of spring-planted crops. 

(2) Experiments were started in the fall of 1910 at the Scottsbluff 

Experiment Farm to determine whether fall irrigation of the land 
would improve the soil-moisture conditions and result in better yields 
of field crops. 
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(3) These experiments included wheat, oats, barley, potatoes, 

sugar beets, and corn. Three years’ results have been obtained with 
wheat, oats, and barley, and two years’ results with potatoes, sugar 
beets, and corn. 

(4) With very few exceptions, higher yields of each crop were ob- 
tained each year from the land which was fall irrigated than from 
adjacent land which was not fall irrigated. Considering the average 
results of three years, fall irrigation increased the yield of wheat 19 
per cent, of barley 23 per cent, and of oats 15 per cent. In the aver- 
age results of two years, fall irrigation increased the yield of corn 22 
per cent, of sugar beets 15 per cent, and of potatoes 2 per cent. The 
average increase in the yield of the six crops on fall-irrigated land was 
16 per cent. 

(5) With the exception of potatoes, the yields of all the crops were 
increased by fall irrigation sufficiently to more than pay for the cost 
of the fall irrigation. 

(6) Soil-moisture studies made on the wheat plats in 1911 showed 

that the fail-irrigated land contained more soil moisture to a depth 
of 6 feet throughout the season than the land not fall irrigated. The 
greatest differences in soil moisture were found in the lower depths 
of soil, particularly the sixth foot, which contained from 3 to 9 per 
cent more moisture on the fall-irrigated land than on the land not 
fall irrigated. 

(7) The difference in soil-moisture content during the growing sea- 
son appears to have been due to the fact that the land which wasnot 
fall irrigated was comparatively dry at planting time in the spring 
and that it consequently absorbed water less readily than the fall- 
irrigated land, which was well supplied with moisture at the begin- 
ning of the season. 
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CITRUS FRUIT INSECTS IN MEDITERRANEAN 
COUNTRIES.' 

By H. J. QUAYLE. 

THE MEDITERRANEAN FRUIT-FLY.? 

Ceratitis capitata Wied. 

OCCURRENCE. 

In the Mediterranean countries the Mediterranean fruit-fly (Ceratitis 
eapitata Wied.) was first recorded from Spain in 1842, from Algeria 
in 1859, from southern Italy in 1870, from Sicily in 1882, from Tunis 
in 1885, from Malta in 1893, from Egypt in 1904, and from France in 
1900.2. This chronology, however, does not necessarily represent the 
spread of the insect, for it may have occurred in some of the countries 
long before any published record appears. In addition to the coun- 
tries enumerated it is also said to occur in Asiatic Turkey. In the 
Mediterranean vicinity it is recorded from the Azores, Madeira, and 
Cape Verde Islands. The writer has taken this insect at Valencia 

1 This paper is of immediate value on account of the important information it contains bearing on the 

subject of the need of regulating the entry of citrus and other fruits imported from Mediterranean countries to 

prevent the entry of the Mediterranean fruit fly into the United States. The investigations embodied 

in this paper were made by Prof. Quayle during the summer of 1913 as a collaborator of the Federal Horti- 

cultural Board of this Department. Prof. Quayle is an expert on citrus insects and has previously made 

important studies in this field in California in connection with the State experiment station. Advantage 

was taken of the fact that he was proposing to use his sabbatical year to make a world-wide survey of citrus 

insects to commission him to make a much-needed preliminary survey of the citrus and other fruit insects 

in Mediterranean countries, more particularly in relation to the export fruit to the United States. — 

The fruit-fly conditions of the principal Mediterranean citrus districts was the important subject; the 

report, however, includes data on other fruit insectS which ought to be considered in relation to any pro- 

posed regulation of the entry of fruits from countries covered. 
As having an important bearing also on the possibility of the entrance of the fruit fly with Mediterranean 

fruit, the investigation includes a report on harvesting and marketing conditions of citrus fruit, more par- 

ticularly as to methods of picking, sorting, curing, and shipping. 

This paper indicates very clearly that there is little danger of fruit-fly introduction from the lemon, 

which is the maiz citrus importation from Mediterranean countries. That there is some danger from 

oranges and certain other fruits at particularly favorable seasons of the year has also been clearly brought 

out.—C, L. MARLATT, Chairman Federal Horticultural Board. 
2Ttalian, Mosca della arance; Spanish, Mosca. 

3 For these and other facts, including a full bibliography of Ceratitis capitata, see Quaintance, A. L.., U.S. 

Dept. Agr., Bur. Ent., Circ. no. 160, 25p.,1 fig., Oct. 5, 1912. 
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and Barcelona, Spain (also punctured oranges in the London markets 

from Murcia, Spain), at Marseille, France, throughout southern 

Italy and Sicily, and punctured oranges in the markets of Jerusalem, 

Palestine. 
FOOD PLANTS AND INJURY. 

In Spain, during July, 1913, the Mediterranean fruit-fly was found 

in peaches and oranges, but in very limited numbers. The extent of 
infestation in peaches, its favorite food, amounted to only a fraction of 
1 percent. It is true that most of the peaches had not yet matured, 
and there is no doubt that a heavier infestation occurred later in the 
season. Many of the pears, apples, and other fruits were examined, 
both in the market and in the field, but none was found infested at that 

Fic. 1.—The Mediterranean fruit-fly ( Ceratitis capitata): a, Adult fly; b, head of same from front; c, spatula- 

like hair from face of male; d, antenna; e, larva; f, anal segment of same; g, head ofsame. a, e, Enlarged; 

b, 9,/, greatly enlarged; c, d, still more enlarged. (From Howard.) 

time. Figs, which would probably be infested, were immature, as it 
was then in the period between the first and second crops. 

During the month of March an extensive examination of oranges 
in the field and in packing houses was made, but at that season 
none was infested. It was learned that occasional complaints of in- 
fested oranges occur at the close of the shipping season during the 
last of June and the first of July, and again in a few of the earlier 
ripening fruits in October. When the section was again visited, in 
July, all of the crop was harvested, but scattering fruits on the trees 
and on the ground were common. ‘These would be the ones likely to 
be infested were the fruit-fly present. After a week’s examination in 
the groves around Valencia, only four oranges were found with the 
larvee (fig. 1, e) of thefruit-fly. It is probable that the fly was unusu- 
aliy rare in 1913, because no complaint of infested fruit was recorded 
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from any of the late shipments, and also because of the extreme 
scarcity of the fly as found by the writer in cther fruits, as well as in 
oranges. 

In Sicily Ceratitis capitata has been reared by the writer from the 
following fruits: Apple, azarole, fig, Indian fig, lemon, mandarin, nec- 
tarine, orange (sweet), orange (bitter), peach, pear, and plum. Of 
these fruits the peach is the most severely infested. ‘This is particu- 
larly true of the late peaches in August and September. In many 
places much of the fruit as it approached maturity was attacked. As 
a consequence most of the fruit is picked rather green and not so many 
of the infested fruits find their way to the markets. In some sections, 
however, the fruit-fly was not so abundant in the field, and it was pos- 
sible to get a good percentage of sound, mature fruit. Wormy fruit 
was supposed not to be sold in the markets of Palermo, and this was 
enforced by a few 50-lire fines. After the first few days following the 
hatching of the larve infested peaches are readily distinguished, and 
the writer was able to get all the infested fruit necessary for experi- 
mental purposes from the Palermo markets. 

All of the peaches met with in Sicily were clings and of a very firm 
texture. The preponderance of such a variety may be due to the 
fact that such fruits do not break down so readily from the attacks of 
the fly. Figs are also more or less infested, but to no such extent as 
the peach, and the loss to the figs was very little. Most of the figs are 
picked for drying while they are still firm, and few in this condition 
contained larvee. Plums and apples were rarely infested, while a few 
larvee were found in pears. The pears of Sicily are likewise of solid, 
firm texture, there being no Bartlett or other representatives of our 
better varieties. Indian figs, a very common fruit in all parts of Sicily, 
were not infested until September, and then only a small percentage. 
It was not difficult to find azaroles containing larve, but the greater 
percentage of them was sound. 

Aside from a few localities where considerable injury is done to the 
peach, the fruit-fly is not a very destructive pest in Mediterranean 
countries and fruit continues to be grown successfully in spite of its 
presence. In these countries, too, it should be noted, the growers 
have little knowledge of the insects infesting their fruit, with the 
exception of one or two species, and they do not, as a rule, practice any 

- measures for artificial control. The writer knows of no case where 
the culture of any fruit in these countries has had to be abandoned 
because of the destructiveness of the Mediterranean fruit-fly. While 
this insect was on two or three occasions, during his sojourn in the 
Mediterranean vicinity, served to the writer through peaches at the 
table, codling-moth-infested apples and pears formed a regular part of 
the menu in comparison. These statements are made with no pur- 
pose of minimizing the importance of the pest. 
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INFESTATION OF ORANGES. 

Oranges were not found infested with the fruit-fly during April and 
May. By the end of May oranges are almost entirely off the market 
in Sicily. Much orange fruit was examined during April and May, 
both on the Island of Sicily and on the mainland, but no infestation 
was found. In Calabria and at Messina oranges were seen with fruit- 
fly punctures from the previous season, but no larvee were present. 
The eggs failed to hatch or the larve died immediately upon hatching 
without getting beyond the egg cavity. According to Dr. Martell, 
entomologist at Messina, who has given considerable attention to 

the fruit-fly, oranges may usually be found infested by the ist of June, 
but none was found with living larve anywhere, to the writer’s knowl- 
edge, up to the second week in June of 1913. 
When the writer returned to Sicily on the ist of August such ripe 

oranges as were still on the trees or on the ground were heavily 
infested with the fruit-fly (Pl. I, fig. 2). Indeed, no oranges could 
be found that were either not infested or did not show punctures. 
For some reason unaccounted for, afew oranges among an almost 
complete infestation will show from two or three to a dozen punc- 
tures, yet will remain sound and contain no larve. One orange taken 
late in August contained the remarkable number of 118 larvee (PI. I, 
fig. 5). These were mostly full grown, and the orange was below 
medium size. The pulp alone did not furnish sufficient food for such 
a number, so many of them had retreated to the denser rind, and it 
was necessary to cut this into very small pieces to disclose the larvee, 
which were concealed in small burrows. This orange, before it was 
cut, was firm and undecayed. 

The usual number found in oranges varied from 6 or 7 to 15 or 20. 
In peaches there were about the same number, but occasionally as 
many as 30 or 35. In figs usually from 3 or 4 to 8 or 10 were found, 
while in azaroles and plums, which are smaller, from 2 or 3 to 5 or 6 
would be the usual numbers. 

Both the sweet and bitter oranges were infested. The bitter 
orange, therefore, at least as it occurs in Sicily, is not objectionable 
as food to the fly. The pomelo, or grapefruit, is very rare in Sicily, as 
elsewhere in Europe, so that a fair test of possible infestation was not 
presented. A few old grapefruit, however, occurring on three or four 
trees that adjomed orange trees on which all the fruit was infested, 
showed no larve or punctures. Mandarins are, of course, commonly 
infested. (Pl. I, fig. 4.) Occasional ones, apparently remaining 
over from the previous year, were collected as late as August, and 
these were in nearly ail cases infested. 

The first oranges of the crop of 1913 with fruit-fly punctures were 
seen about the middle of September. This fruit had begun to turn 
yellow over a small area on one side, and the punctures were in this 
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DAMAGE TO CITRUS FRUITS BY THE MEDITERRANEAN FRUIT FLY. 
Fig. 1.—Lemon infested with Ceratitis capitata. Fig. 2.—Orange infested with C. capitata. 

Fig. 3.—Lemon infested with C. capitata. Fig. 4.—Mandarin infested with C. capitata. 
Fig. 5.—118 larvae of Ceratitis caprtata from a single orange. All from Sicily. (Original. ) 
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yellow area. The adult dies (ig. i, a) were commonly seen walk- 

ing about on the fruit looking for a suitable place for oviposition. By 
the last of September the fly was seen in considerable numbers where 
the fruit was beginning to ripen. In Sicily up to the last of September 
it was but rarely that a tree would be found with any of the fruit show- 
ing yellow. An occasional orange would be seen at this time almost 
entirely yellow, but these were not mature, for they were stili very 
sour. Punctures were common on such fruit, as well as on some 
others almost entirely green, and as many as a dozen punctures were 
often seen in a small yellow area. Possibly the punctures were partly 
accountable for the yellowing. The flies were seen more commonly 
on the trees during the morning and evening. In the rearing cages 
during the hot weather they remained on the ground or out of the 
direct sunlight during the middle of the day. | 
A large number of punctured oranges were examined during the 

last of September. Not a single one was actually found infested 
with the larve. Ninety per cent of the punctures examined either 
contained no eggs or larvee, or contained eggs that had failed to hatch 
or larvee that were dead. The remainder contained eggs but recently 
deposited, or young larve that had just hatched and were still within 
the egg cavity. The reason for the absence of eggs in many of the 
punctures is probably that the fly, after making the puncture, found 
conditions unsuitable for oviposition. The presence of shriveled eggs 
or dead larve in the egg cavity must be due to the immaturity of the 
fruit. In a large majority of cases the eggs had hatched; in fact, 
only a few unhatched eggs were found. 

In immature oranges there is often a formation of gum about the 
puncture. Green oranges were known to have punctures, in some 
cases, by the presence of small globules of gum on thesurface. When 
these oranges were taken from the tree and opened they were found 
to contain eggs, or larve that had just hatched. Very soon a yellow 
spot occurs about the point of puncture, and the gum upon harden- 
ing is easily removed, and probably soon falls off naturally. A hard, 
gummy, granular tissue also forms around the egg cavity, and it is 
often possible to remove this ball of brown tissue with the egg cavity 
intact. It was at first thought that the formation of this tissue, by 
furnishing an impenetrable wall around the egg cavity or by com- 
pressing the eggs and larve within, was the direct cause of the insect’s 
mortality. But this hard tissue is not formed to any extent before 
the eggs hatch. In practically all cases where living young larve 
were found, which indicated recent oviposition, the surrounding tissue 
was not appreciably hardened, although the brown color began to 
show. 

The egg cavity is situated in the spongy layer of the rind, just below 
the outer covering containing the oil cells. The surrounding wall of 



6 BULLETIN 134, U. S. DEPARTMENT OF AGRICULTURE. 

gum seems to be formed from the outer layer, but soon extends into 
the spongy tissue and entirely surrounds the egg cavity. The number 
of larvee found in the punctures in September was always large— 
from 20 to 30 or 40. Larvee were seen closely massed together in the 
egg cavity, but although appearing perfectly normal they were inac- 
tive. In such cases death had occurred recently, for later they be- 
came brown and shriveled. Occasionally one or two would be seen 
to move slightly. In some cases two or three larve had made their 
way out of the egg cavity and penetrated a short distance into the 
spongy tissue. In no case, however, was the pulp reached. Why the 
larvee perished within the egg cavity or soft spongy tissue is not 
definitely accounted for. It appears to be because of lack of air or 
through the action of some substance in the rind. 
A large majority of the punctures in green oranges were seen to be 

entirely sealed by gum. The tendency of citrus fruits, or, in fact, any 
fruit, to exude gum to repair wounds while they are immature, is well 
known. The condition of the larve in the egg cavity—simply dying 
massed together as they hatched, with no evidence of any attempt to 
migrate—may indicate suffocation. While many larve occur in a 
single cavity, and the space is well occupied, death can hardly be 
accounted for through compression by growth of tissue or gum forma- 
tion, because some of them, at least, could work their way out of the 
cavity. In cases where living larve were found, from 30 to 40 were 
seen in a single cavity with plenty of opportunity for migration. 

That fruit-fly larve require considerable air was shown in the case 
of those that were transferred into a juicy lemon, where the entrance 
was completely closed by the posterior tip of the bodies of a half 
dozen or more of the larve. Numerous instances of the death of 
full-grown larve have been noted to take place in the exuding juices 
of fruit in glass jars. In peaches and other fruits, also, there are holes 
in the outer epidermis, made at first through oviposition and later 
enlarged and serving for the entrance of air. 

Fruit-fly larve appear to live largely in decayed tissue; that is, the 
decay induced by them seems to precede the progress of the larve. 
It is possible that in green fruit this decay is not so readily induced. 
And here, again, the organisms of decay may be kept entirely out 
of the fruit if the entrance to the surface is effectually closed. 

On September 24, 1913, 25 living young larve that had just hatched 

were taken from an egg cavity of the greenest orangefound infested and 
placed through a hole in the rind into the pulp of the same orange. 
In another orange, also very green, a hole was made connecting the 
ege cavity with the pulp without disturbing the young larve in the 

cavity. In both cases openings were left to the surface. When the 

fruit was examined on October 3, partly grown larvae were found in 

both of the oranges mentioned. Only a small percentage, however, 
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had lived, although the number was sufficient to indicate that the 
pulp of the orange was not too green or too acid to serve as food. 
These oranges were perfectly green, there being no yellow whatever 
on. one and only a slight tinge over a small area on the other. The 
inability of the larvee to reach the pulp seems, therefore, to be due 
to an injurious substance in the rind, to lack of air, to decay, or to 
all three combined. 
From examination of oranges in Italy, Sicily, and Palestine, as 

they are maturing in the fall, there appears to be no possibility of 
infestation until the fruit reaches maturity, even though eggs of the 
fruit-fly may be deposited. The practical bearing of tnis fact is im- 
portant in greatly limiting the season of infestation. And in the 
Mediterranean countries visited, cold weather appears by the time 
the fruit is mature and susceptible to infestation, so that the season 
is very short in the autumn, and most of the fruit is harvested 
before the return of warm weather in the spring. 

APPEARANCE OF FRUIT-FLY PUNCTURES IN ORANGES. 

Immediately after the adult fruit-fly has oviposited in the orange 
the puncture is not readily distinguishable, but 1t soon appears as a 
brown or grayish, oval-shaped area about 0.5 mm. long, with a crack 
or opening in the center. In green oranges the area immediately 
around this may be yellow. Later this area may become brown and 
depressed. After some time also the point of puncture is indicated 
by a distinct conical elevation. These elevations are conspicuous on 
the surface of the fruit and they may at once be diagnosed as indi- 
cating punctures of the Mediterranean fruit-fly. In older fruit these 
conical elevations may arise from circular depressions which are of a 
brownish or yellowish color. If the outer layer containing the oil 
cells be cut away, the egg cavity will be disclosed in the spongy tis- 
sue. After some time brown and hard granular tissue usually sur- 
rounds the egg cavity, so that the whole may be removed from the 
surrounding tissue as a gall. To make sure that punctures are pres- 
ent the ege cavity should be examined for the egg skins, shriveled 
eggs, or larve. If the orange is infested, small burrows may be 
traced through the spongy layer to the pulp, and the pulp itself will 
be decayed. Typical punctures are at once distinguished, but their 
character and form vary so greatly that sometimes other scars or 
abrasions on the fruit may be mistaken for them. 

INFESTATION OF LEMONS. 

The only supposed instance recorded of the occurrence of Cera- 
titis capitata in lemons in Sicily is a note by Prof. Inzenga in the 
Annali di Agricoltura Siciliana, Volume XIV, 1884, page 101. In 

1Since the foregoing was written the writer has examined fruit-fly conditions in the Hawaiian Islands, 

where they are strikingly different from those in Mediterranean countries. The most evident difference 

in appearance of the fruit in Hawaiiis the much more copious exudation of gum. 
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‘ 
this article Prof. Inzenga simply states that a ‘‘small worm” was 
observed by Profs. Alfonso and Bonafede to breed in the orange, 
lemon, Indian fig, and other varieties of fruit. Prof. De Stefani,! of 
the Universitate di Palermo, questions, and rightly so, the authen- 
ticity of the statement, adding as proof that in all the writings cf 
Profs. Alfonso and Bonafede no statement occurs to the effect that 
Ceratitis capitata breeds in lemons. Prof. De Stefani further calls 
attention to the fact that no entomologist (excepting the questionable 
case above) has ever observed Ceratitis to breed in lemons in Italy; 
and concluded with the statement that ‘‘It is excluded absolutely 
that Ceratitis capitata lives in the lemons in Sicily.” (E. da excludersi 

assolutamente che la Ceratitis capitata viva nei lemoni di Sicilia.) _ 
Dr. G. Martelli, who has made careful studies on Ceratitis capitata, 

published an article entitled ‘‘La Mosca della arance non vive nei 
nostri limoni” (The orange fly does not breed in our lemons), in the 
Giornale di Agricoltura Meridionali, No. 9, Ann. V, 1913, Messina. 
In a paper read before the R. Scuola Superiore di Agricoltura at 
Portici in January, 1913, Dr. Martelli records experiments in at- 
tempting to transfer the eggs of Ceratitis into the lemons. These ex- 
periments all resulted negatively, and he concluded that the insect 
would not live in lemons. 

During April and May an extensive examination in all the seccions 
of Sicily was made in the field, as well as in numerous field and ex- 
porters’ packing houses, with the result that no evidence of infested 
lemons was found. This was the season when the heaviest shipments 
were being made to the United States, and it was felt that a thor- 
ough examination should be made at that time. But at that season 
no fruit-fly larve appeared in any other fruit, and thus negative evi- 
dence under such circumstances would be of little value. Conse- 
quently it was proposed that the inspection be continued at a later 
and more favorable season, and this was at once agreed to by Mr. 
Marlatt, chairman of the Federal Horticultural Board. Accordingly 
the writer returned to the Island of Sicily, where he remained through- 
out August and September. 

As already intimated, there was abundant evidence of the presence 
of Ceratitis capitata in other fruits at that time. Field inspection 
was therefore resumed in the lemon groves of Sicily during the first 
week in August, and during the second week there was found the 
first evidence of the breeding of Ceratitis capitata in lemons. (PI. I, 
figs. 1,3.) The infested lemons were large, overripe ones, with more 
or less decay, and were found on the ground. The total number 
found during the week was four, all taken in the same grove. Near 
by were many old ripe oranges severely infested with the fly. The 
week following 10 more infested lemons were found; most of these 

1 Intorno ad Alcuni Insetti degli Agrumi del Prof. Teodosio De Stefani, Palermo, p. 6, 1913. 
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were taken in this grove, but four wer2 taken in three other places. 
Two out of the 10 taken during the week were on the tree, while the 
remainder were on the ground. It should be stated that the two 
taken from the tree were also partly decayed on one side. The 
decay in most of these lemons appeared not to be due entirely to 
the fruit-fly. No punctures were seen, and it is assumed that the 
eggs were deposited in the decayed side, or else the decay which set in 
later completely obliterated the punctures. One more lemon with 
fruit-fly larvee was found during the fifth week, making a total of 
15 infested lemons out of the thousands examined. None was 
found during the remaining three weeks of the inspection. None of 
the infested lemons would have been considered for shipment, and 
with three or four exceptions would not have been taken for the by- 
product factory. In some of the lemons, it is true, the larvee were 
nearly grown, and the condition of the fruit can not be vouched 
for at the time of oviposition, but in others the larvee were but 
partly grown, and thus the fruit had not been long infested. 

EXPERIMENTS WITH THE FRUIT-FLY. 

Through the kindness of the Prince of Galati use was had of a 
neglected garden within the city of Palermo, and under a tree 
here was equipped an improvised laboratory. (Pl. X, fig. 5.) Three 
series of experiments were carried on. The first series was to deter- 
mine if it is possible to transfer the larve of Ceratitis from other 
fruits into the lemon and bring them to maturity. The idea was 
generally held in Italy, even by the entomologists, that the lemon 
is too bitter or acid for the fruit-fly. The second series was to 
determine the possible extent of oviposition on lemons in confine- 
ment, and the third as a check on the second series and for life- 
history work, and to determine the extent of breeding in other fruits, 
as the apple, pear, peach, and orange, under the same conditions. 

To summarize briefly, the first series of experiments resulted in 
establishing the fact that it is possible to transfer fruit-fly larve 
from a fine ripe peach to a ripe and also to a perfectly green lemon 
and bring them to maturity. The second series, so far as the experi- 
ments were conducted in small glass containers, resulted negatively. 
The third series resulted in securing oviposition and development 
in the peach, pear, and orange. 

In the first set of experiments a small plug was cut out of the rind 
of the lemon, and a small cavity made in the pulp, just large enough 
to contain the larve. After the larve were transferred, the plug 
of rind was replaced, a small triangular piece first being cut out 
of one side of the plug for air. Aseptic methods were employed 

1Tn Hawaiia perfectly sound lemon has been seen with a single specimen of Ceratitis capitata. In Hawaii, 

also ,Ceratitis punctures in lemons are very common, though actual infestation seems to be rare. 

51981°—Bull. 134—142 
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in these operations, although not with entire success, to prevent 
infection from molds, which gave considerable trouble. In 12 experi- 
ments 163 larvae were transferred into lemons, and 108, or 66.2 

per cent, changed to pupe and emerged. The time spent in the 
lemons varied from 2 to 10 days, with an average maximum of 7.7 
days. 

The length of the larval period was determined as 10 to 11 days. 
On this basis the age of the larvie transferred varied from 1 or 2 to 
10 days. It will be noted that not all the larve developed, 33.8 
per cent having died from one cause or another. The molds in the 
fruit were probably the chief factor in the mortality. The exuding 
juice drowned a good many that were emerging for pupation, others 
were dead in the fruit, and possibly some were injured in the transfer. 
Enough, however, emerged to show that the lemon is not an impos- 
sible food for the larve of Ceratitis capitata. 

In each of 48 glass jars from 1 to 2 lemons were placed and 
from 6 to 22 flies liberated. These were fed with sweetened water, 
and lived from 3 to 26 days, the large majority, however, dying 
after 6 or 7 days. No infested lemons resulted from these experi- 
ments and no punctures were found. Under the same conditions 
peaches, pears, and oranges became infested, but with these some 
of the experiments also resulted negatively. Apples in three jars 
were not infested. In only a few cases were flies seen in copulation, 
and it appeared that they were too closely confined and under too 
unnatural conditions for free breeding. 

In four large breeding boxes, where infested fruit was placed on 
the ground and the fiies allowed to emerge, a total of 56 lemons in 
all stages of ripeness was placed. In 2 of these boxes the fruit 
was first punctured with a needle or scalpel, and in the other 2 
the lemons were sound. Some of the lemons remained in these 
boxes for 6 weeks. Hundreds of flies emerged in each of the boxes. 
The lemons, when examined, were in various stages, many being de- 
cayed. No infested fruit was found, and no punctures of the fruit-fly 
were seen in any of the lemons. 

While these experiments were not, of course, extensive and ade- 

quate enough to establish any fact on negative evidence alone, they 
do show that oviposition in the lemon in Italy is not at all common. 

PUPATION. 

Ordinarily fruit-fly larve go into the soil to the depth of about 

an inch, or otherwise seclude themselves for pupation; but this is 

not at all necessary, and pupation may occur anywhere in the open 

and direct light. The side of a packing box or any other container 

of fruit is thus suitable for the purpose, and the fruit-fly may be 

transported in this manner. 
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LIFE CYCLE. 

No extended life-history studies were attempted or possible in the 
time available, but such records as were kept indicate that the life 
cycle of Ceratitis is completed in 22 or 23 days in Sicily in August. 
Out of this total, 2 or 3 days are required for the eggs to hatch, 10 
or 11 days for the development of the larve, and 10 days for the 
pupal period. Since these records were made during the warmest 
weather they represent the minimum time for development. 

OTHER INSECTS IN ORANGES AND LEMONS LIKELY TO BE MISTAKEN 

FOR THE MEDITERRANEAN FRUIT-FLY. 

The commonest insect occurring in decayed or overripe oranges 
and lemons on the ground, and also occasionally on the tree, is a 
nitidulid beetle, Carpophilus dimidiatus Fab. Larvee and adults of 
this beetle often occur in great numbers. Usually decay has already 
set in before the fruit is attacked, but if 1t remains on the ground 
for some time the beetles will bore through the rind and they them- 
selves cause decay. ‘The appearance of such fruit is very much like 
that infested by Ceratitis. The larva of Carpophilus is about the 
same length as that of the fruit-fly, but is easily distinguished because 
it is beetle-like and both ends are tipped with brown. Instead of 
breaking down, lemons often dry with extremely hard, firm rind, 
and they remain in this condition for months. Such lemons occurring 
on the ground are, however, frequently infested with this beetle. The 
beetle enters the fruit where it rests on the ground by drilling holes 
through the firm rind. 

Another common ‘‘worm” in decayed oranges and lemons is the 
larva of a fly, Lonchaea splendida Loew. This larva is more slender 
and of a paler color than that of the fruit-fly, but small specimens 
are very likely to be mistaken for fruit-fly larve; hence they must 
be examined closely and identified by the spiracles to make sure of 
the species. The adult fly is smailer than Ceratitis and is of a me- 
tallic blue color. | 
Larve of Drosophila also frequently occur in decayed oranges and 

lemons, but, except in possible cases of very small specimens, they 
are easily distinguished from the more robust and yellowish white 
Ceratitis larve. Of all the ‘‘worms” infesting oranges and lemons, 
Ceratitis larve are the most sluggish and slow moving, so that 
with a little experience they may be distinguished by their move- 
ments. 
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THE BLACK SCALE.! 

Saissetia oleae Bern. 

DISTRIBUTION AND INJURY. 

The black scale is generally distributed throughout the Mediter- 
ranean citrus sections. (Fig. 2.) It varies in numbers from an occa- 

sional scale to numerous specimens forming a complete incrustation on 
the twigs and branches, and in injury from an insect of no commer- 
cial importance to one doing much damage through the quantity of 
sooty-mold fungus found on the trees and fruit. 

In the most important orange section of the Mediterranean 
countries, that of Valencia, Spain, the black scale is, according to our 
standards of judging, entitled to rank first among the citrus fruit pests. 
This statement is at least true for the years 1912 and 1913. In all of 
the scores of packing houses visited during the month of March, 1913, 

Seville 
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x Arepresents rhe more important 
cltras sections of the WWediterranean Region. 

Fig. 2.—Distribution of insect enemies of citrus fruits in Mediterranean countries. (Original.) 

from a half dozen to 15 cr 20 women were seen washing fruit to remove 
the sooty-mold fungus occurring as a result of black-scale infestation. 
In some cases the scoty mold was due to the mealy bug (Pseudococcus 
citri), but infection from this source would amount to only a small © 
percentage of the total. During July, 1913, when the section was 
again Visited, numerous young were seen on the leaves, which, barring 
a heavy mortality later, would furnish the same conditions for the 
season following. In numerous groves around Burriana, Spain, the 
sooty-mold fungus was seen to form a complete coating over all the 
upper surface of the leaves, branches, and fruit, and such a severe 
incrustation of scales occurred as actually to kill many of the smaller - 
twigs, and in some cases even the larger branches. 

The greatest injury from the black scale was seen in the ‘‘Plana,” 
or level district opening to the sea north of Valencia, and centering 
around Burriana. The conditions here are much the same as in the 

1 Spanish, Escania negra; Italian, Cocciniglia dell’ olivo. 
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Fig. 1.—THE BLACK SCALE (SAISSETIA CLEAE) ON LEMON TWIG, SICILY. (ORIGINAL.) 

Fia. 2.—A COMMON CITRUS SCALE (PARLATORIA ZIZYPHUS) ON A LEMON LEAF, SICILY. 

(ORIGINAL. ) 

SOME SCALE INSECT ENEMIES OF CITRUS FRUITS IN SICILY. 
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coast counties in southern California, where the same scale is most 

important as a pest. The ‘‘Ribera,” or section south of Valencia, is 
hilly and rolling and is separated from the sea by hills and mountains. 
The direct sea influence is, therefore, not so pronounced, and the 

black scale is not so generally mjurious. The influence of the sea 
consists in moderating the effect of the summer heat, which, if too 
intense, results in a wholesale mortality of the young scales, in which 
stage the scale is largely found during the summer months. 

The black scale is also more or less abundant in localities farther 
south, as Murcia, Malaga, and Seville. But in these sections, which 
are still farther removed from the sea, the black scale is not so im- 
portant a pest as is Crysomphalus dictyospermi. 

The washing of oranges in Spain consists in rubbing each individual 
fruit, first in wet, and then in dry sawdust, the latter both to hasten 
the drying and to complete the cleaning. It is not a bad system so far 
as results are concerned, and, with the low price of labor (20 cents a 

day for women), the expense is no greater and probably much less 
than with the use of machinery as with us. The sawdust method, 
however, leaves more traces of the mold in the small depressions of 
the fruit than does our machine with brushes. When attention was 
called by the writer to the absence of any aseptic agent in the water 
used in dampening the sawdust—and it is used over and over again— 
the reply was evoked that there is no better disinfecting agent than 
ordinary sea water. But the writer was not sure that sea water was 
being used, and he was very certain it was not in many places. The 
amount of fruit receiving the sawdust treatment varied from 25 per 

‘cent to more than 90 per cent in most of the packing houses visited. 
The washing of the fruit, according to Spanish standards, is 

regarded simply as one of the regular practices of the packing house, 
and is not an expense generally attributed to the black scale or any 
other insect. In fact, no one was seen in Spain who considered that 
the sooty-mold fungus 1 was in any way related to the black scale. 
It was for this reason that the statement appears at the beginning of 
this discussion that the black scale is considered by the writer to be 
the most important pest in the Valencia section, ‘‘according to our 
standards.” According to Spanish standards it is no pest at all, 
chiefly because the insect and its important effect, the sooty-mold 
‘fungus, are not generally considered as in any way related. 

But the injury by the black scale in the Valencia section is not 
due entirely to the presence of mold on the fruit. When such severe 
infestations occur as were frequently seen, the tree itself suffers. 
Small twigs are killed, and the coating of mold over the leaf, branch, 
and fruit not only interferes with the functions of the tree, but the 
fruit itself is deficient in sweetness and flavor. 

-1 Spanish, Negrilla. 
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In Sicily the black scale was seen in great abundance in several 
places, but these places usually consisted of but a small area, or even 
but a few trees. (Pl. II, fig. 1.) It is found in scattering numbers 
throughout the citrus area, but with the exception of a few cases of 
dirty fruit which have been seen, coming from limited areas, as noted 
above, the black seale is not a serious pest in this, the most important 
lemon section of the Mediterranean. It is the writer’s opinion that, 
above ail other factors, the absence of the scale in serious numbers in 
Sicily is due to the sirocco, which frequently prevails there during the 
summer and fall. This is a burning hot, dry wind from the African 
deserts. It is only necessary to experience one of these siroccos, 
which usually lasts about three days, to conclude what effect it would 
have on insects not well adapted to withstand heat and dryness. 
Opportunity was afforded for judging the effects of a sirocce on 
young black scale in Sicily, with the result that between 95 and 100 
per cent were seen to be killed. The same effect of hot weather has 
been observed by Mr. C. L. Marlatt,t Mr. R. S. Woglum,? and the 
writer ? in California. 

SEASONAL HISTORY. 

So far as could be observed the black scale has very much the same 
life and seasonal history in Mediterranean countries as it has in Cali- 
fornia. The majority of the young appear in June and July. These 
settle almost entirely upon the leaves or on the tender twigs. It is 
during this period that high temperatures are likely to cause a heavy 
mortality. Later in the fall the young that still survive migrate to 
their permanent abode on the twigs and branches, and pass the 
winter as partly grown insects. During this season growth is very 
slow, but with the resumption of warm weather in the spring it pro- 
ceeds rapidly. By May and June oviposition occurs, and from 2,000 
to 3,000 eggs are deposited by a single female during a period of 
from 30 to 60 days. While the majority thus mature in the spring 
and require 8 or 10 months for development, others, that have all the 

heat of summer, will mature in 4 or 5 months, and thus some scales 
will be found in all stages at all seasons. 

NATURAL ENEMIES. 

The most important natural enemy of the black scale in most 
sections where it occurs is Scutellista cyanea Motch. It was a sur- 
prise, however, to find that this parasite occurred in less numbers in 

1 Marlatt, C. L. Insect control in California. U.S. Dept. Agr. Yearbook for 1896, p. 217-236, Pl. V, 

1897. Seep. 218. 
2 Woglum, R.S. Fumigation investigations in California. U.S. Dept. Agr., Bur. Ent., Bul. 79, 73 p., 

28 figs., June 11,1909. Seep. 12. 

3 Quayle, H.J. The black scale. Cal. Univ. Coll. Agr. Expt. Sta. Bul. 223, p. 151-200, 24 figs., 8 pl., 

July, 1911. Seep. 165. 
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"many of the Mediterranean countries than it does in California. In 
those countries where no artificial control is practiced it was thought 
that all natural enemies would be more abundant. On the other hand, 
no place was seen where the numbers equaled those of the California 
citrus belt, with a possible exception in the case of Ceroplastes rusci L. 
on the fig, m a few places in Sicily. In Spain, where the black scale 
was so abundant on citrus trees, very few were attacked by Scutel- 
lista. Where counts were made the maximum did not exceed 20 per 
cent, while hundreds of scales were examined in many places with no 
evidence at all of parasitism. Scutellista, like most insects, has its 
periods of increase and decrease, and the year 1913 may have been 
at the end of a depression. But during years when it occurs in 
fewest numbers in southern California it is much more abundant 
than it was observed to be in Spain in 1913. In Sicily, also, Scutel- 
lista was not seen in large numbers anywhere on the black scale on 
citrus trees. 

Aside from Scutellista the only other enemies of any importance 
noted were two coccinellids, Chilocorus bipustulatus L. and Exochomus 
4-pustulatus LL. ‘These, however, are general feeders, and were seen to 

occur more abundantly on trees infested with Chrysomphalus dictyo- 
sperm, Parlatoria zizyphus, and Lepidosaphes beckii than on those 
infested by the black scale. Rhizobius ventralis Er., the most im- 
portant coccinellid on the black scale in California, was not seen in 
Spain or Italy. 

CERYSOMPHALUS DICTYOSPERMI Mors.’ 

DISTRIBUTION AND INJURY. 

Chrysomphalus dictyospermi is found in most of the citrus sections 
of Spain. It was commonly observed at Malaga, Seville, Murcia, 

-and Valencia. In the Valencia section it was most injurious at 
Piaporto, Picafia, and Piug. At each of these places fumigation, 
introduced by Mr. R. S. Woglum, of this bureau, was seen in prac- 
tice. Herc the scale occasioned severe injury to the trees, mostly 
through thedropping of theleaves. Whileit was observed in scattering 
numbers around Burriana, nowhere was it seen to do any important 
injury. Why it does not occur there in greater numbers is not 
known. It was thought that parasites must be at work, but prac- 
tically no evidence of parasites was seen, so far as examination 
was made during the month of March. That this scale was not 
recently introduced in the Burriana district appears to be indi- 
cated from the fact that it occurs there over such a large area. This 
-scale was also seen occasionally around Alcira in the ‘‘ Ribera.” 

1Spanisn, Piojo rojo; Valenciana, Pollroig; in Murcia and provinces of Andalucia, Cochinellarojo; Italian, 
Cocciniglia bianco-rosso; Sicilian, Bianca-russa. 
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If this scale occurred widely over the Valencia section in such 
numbers as at Piaporto, Picafia, and Piug, it would, of course, out- 
rank the black scale in destructiveness. At the points mentioned 
it is the most serious of all the scales because of its damage to the 
tree, as well as its effect on the market value of the fruit. It occurs 
also in injurious numbers farther south, as at Murcia, Malaga, and 
Seville. It is very commonly seen on the fruit in the markets in 
these sections, and the trees in many places show the effect of the 
scales. Even in the famous Patio de los.Naranjos (Court of Oranges) 
of the mosque at Cordova and of the cathedral at Seville the trees 
are having a hard struggle to exist on account of the severe infesta- 
tion by this scale. Taking the entire citrus area of Spain this scale 
may be the most important, but in the important commercial section 
of Valencia, where 90 per cent of the crop is produced, it is first only 
in a few small areas. 

In the citrus belt along the French and Italian Riviera this species 
was seen at San Remo and Porto Maurizio; at the former place in 
destructive numbers on a few small trees. In Sicily it occurs at 
Catania, Messina, and Palermo. (PI. ITI, fig. 4; Pl. IV, figs. 1 and 2.) 

At Messina it is found in several places around the city and does 
considerable injury. Its first recorded appearance on the island, 
four or five years ago, was at this place. At Catania it is more or 
less widely distributed, while at Palermo it is still limited to a few 
small areas, but it is destructive as far as its spread has occurred. 

LIFE HISTORY AND HABITS. 

This species, somewhat like the yellow scale (Chrysomphalus 
aurantii Mask., var. citrinus Coq.), attacks the leaves and fruit 

largely. These will be found heavily infested and often there will 
be but a few on the twigs and branches. This habit of avoiding the 
twigs and branches is not so compiete as with the yellow scale, but 
is distinctly more pronounced than with the California red scale 
(Chrysomphalus aurantii Mask.). In severe infestations, of course, 

and where the leaves have fallen, C. dictyospermi will be found in 
considerable numbers on the twigs. Because the twigs and branches 
are not so severely infested the injury is neither so great nor so rapid 
as is the case with C. aurantu. But the dropping of the leaves 
greatly injures the tree temporarily and new leaves scarcely grow 
out until they in turn are attacked. 

While the life history of this species has not been worked out in 
detail, it is probably very similar to that of C. aurantii. The latter 
species requires two and one-half to four months for its develop- 
ment. There would thus be between three and four, possibiy four, 
full generations in a year. 
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SOME SCALE INSECT ENEMIES TO CITRUS FRUITS IN SPAIN AND ITALY. 
Fig. 1.—Lemon distorted by the oleander scale, Aspidiotus hederae; Italy. Fig. 2.—An orange 

infested with a common citrus scale, Parlatoria zizyphus; Spain. Fig. 3.—Lemon incrusted 
With Aspidiotus hederae; Sicily. Fig. 4——Lemon infested with Chrysumphalus dictyospermi; 
Sicily. Fig. 5—Parlatoria zizyphus on lemon twigs, Sicily. (Original.) 
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CHRYSOMPHALUS DICTYOSPERMI ON ORANGE LEMON TREE PARTIALLY KILLED BY 

LEAF, SiciLy. (ORIGINAL. ) CHRYSOMPHALUS- DICTYOSPERMI. 

(ORIGINAL. ) 

SCARS RESULTING FROM FEEDING OF THRIPS, PROBABLY HELIOTHRIPS FASCIATUS. 
(ORIGINAL. ) 

INSECT ENEMIES OF CITRUS FRUITS IN SICILY. 
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NATURAL ENEMIES. 

The most abundant parasite of this scale is a species of Aphelinus.’ 
Two or three species of Coccinellide have also been seen feeding on 
the scale. These are the same species as those already given for the 
black scale. 

THE PURPLE SCALE.? 

Lepidosaphes beckii Newm. 

DISTRIBUTION AND INJURY. 

The purple scale was seen in most of the citrus sections of Spain and 
Italy. It is found very generally in the Valencia orange section and 
in the Sicilian lemon section. Not infrequently the numbers are 
sufficient to do injury to the trees. This consists of the killing of a 
few branches, or a portion of one side of the tree. (PI. V, fig. 1.) The 
scale is also more or less common on the fruit. It occurs in many 
places in Sicily in only scattering numbers, and in small areas, or, on, 
a few trees, in large numbers. This is about the status of the scale in 
California and Florida and the Valencia section of Spain, but on thé 
island of Sicily it is less injurious than in any of these three localities. 

LIFE HISTORY. 

‘The purple scale deposits from 40 to 80 eggs, which are well inclosed 
by the scale covering above and a lighter, cottony covering beneath. 
The eggs hatch in 15 to 20 daysinsummer. Most eggs and young will 
be found in the spring—May and June—and another large batch in 
August and September. At all other seasons eggs will be found, but 
usually in less numbers. The period of development from hatching 
to egg-laying ranges from one and one-half months in summer to 
three months in winter. 

NATURAL ENEMIES. 

The purple scale has been considered a pest of little economié 
importance in Mediterranean countries, and this has been accounted 
for through the efficient work of parasites. The writer takes excep- 
tion to both of these counts. Just as severe injury has been seen from 
this scale in Spain as in California or Florida. And further, what 
natural enemies are keeping it in check? Hitherto, so far as known, 
no internal parasite has been reported from the purple scale in Sicily. 
Dr. Martelli was informed by the writer that he had seen evidence of 
Aspidiotiphagus citrinus attacking the purple scale, but the observa- 
tion was questioned on the ground that the scale was Lepidosaphes 
ulmi and not L. beckit. Of course, the parasitized scales were not 
positively identified at the time. Later Aspidiotiphagus citrinus 

1 This species appears to be A. diaspidis, but its identity, according to Prof. Silvestri, of Portici, is some“ 
what questionable. 

2 Spanish, Serpeta; Italian, Pidocchio a virgola; Sicilian, Pidocchiu. 

51981°—Bull. 134—14 3 
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Craw was reared from scales on citrus trees, and those scales from 

which they emerged were positively identified, as was expected, as 
L. beckvi. The record, therefore, stands. Dr. Leonardi, of Portici, 
a specialist on the Coccide, stated that he had seen some evidence cf 
a parasite on the purple scale, but he had not as yet studied it and did 
not know the species. When the entomologists of Italy know so little 
about the parasite, and when it was only very rarely found by the 
writer, it certainly can not be counted as very effective in checking 
the scale. The only other enemies of this scale seen in Sicily and 
Spain were coccinellid beetles, and while these are more effective than 
A. citrinus, they have not been seen in large numbers, and are not 
accountable for keeping the scale in check. 

Places have been seen in Sicily which were very free from the 
purple scale, but according to the growers the scale had been present 
there in considerable numbers several years ago, and disappeared. 
Because of the meager knowledge of scales and the confusion of names 
by most Sicilian growers, the foregoing may or may not be true. It 
is, however, altogether probable. (For a discussion of climatic influ- 

ences, see under Meteorological data, pp. 34-35.) 

THE LONG SCALE. 

Lepidosaphes glovertt Pack. 

DISTRIBUTION AND INJURY. 

The long scale, so far as observed by the writer, is limited to Spain. 
In that country it is particularly destructive in some sections. It is 
frequently associated. with the purple scale, as in the Valencia section. 
In some cases it was more abundant than the purple. Trees most 
injured by this scale were seen near Burriana. (PI. V, fig. 1.) The 
long scale also occurs in Florida, from which place it was first described. 
It has been reported from two counties in California, though it has 
never spread and is of no consequence as a pest there. It is dis- 
tinguished from the purple scale in bemg much more slender, and the 
pygidial differences are also distinct. 

PARLATORIA ZIZYPHUS Lucas.’ 

DISTRIBUTION AND INJURY. 

Parlatoria zizyphus is the commonest of all the scales occurring on 
the lemon tree in Sicily. (PI. II, fig. 2; Pl. III, fig. 5.) It is also 
found in most of the orange sections of Spain, (Pl. III, fig. 2.) In 
the Valencia section it was most abundant in the ‘‘Ribera’’ in the 
vicinity of Alcira. This scale ranges in abundance from a few scatter- 
ing scales to a heavy incrustation on the leaves, twigs, and fruit. It 

1 Spanish, Serpéta larga. 

2 Italian common name, Pidocchio nero: Sicilian, Pidocchiu niuru- Spanish (Valenciana), Poll négre. 
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-has been noted in several instances to cause a heavy dropping of the 
leaves, and it is one of the commonest scales occurring on the fruit in 
the markets. This may be partly because it adheres so firmly to the 
fruit and is not easily removed by rubbing. While it occurs abun- 
dantly in Sicily it is not extremely injurious to the tree, nor does it dis- 
tort the fruit as does Aspidiotus hederae. 

NATURAL ENEMIES. 

This scale is especially free from parasites. On one occasion 
Aspidiotiphagus citrinus was obtained from material infested by 
zizyphus, but it can not be positively stated that there were not a few 
purple scales among the material, so the record remains doubtful. 

THE OLEANDER SCALE. 

Aspidiotus hederae Vall.* 

DISTRIBUTION AND INJURY. 

The cosmopolitan and omnivorous oleander scale is found through- 
out Spain and Italy and is an important pest on ripe lemons in the 
latter country during the spring and early summer. (PI. III, figs. — 
land 2.) It was also observed on oranges in Spain, but is less injuri- 
ous on oranges there than on lemons in Italy. In California the same 
scale occurs occasionally on old over-ripe oranges and lemons, but is 
of no commercial importance. In May and June it is really a pest of 
much economic importance in Italy. If such infestation occurred in 
California, it would certainly mean fumigation. As much as 90 per 
cent of the fruit in some of the by-product factories has been seen 
infested with this scale. Most of such fruit was brought there because 
of it. 

The oleander scale very seriously distorts the growth of the lemon 
in Italy. (PI. III, fig. 1.) Where the scale occurs there will be a 
depression, so that the fruit has a rough and uneven appearance and 
when numerous it becomes badly misshapen and distorted. Thescale 
also delays the colormg of the lemon, and such fruit can be distin- 
guished ait a long distance by its blotches of yellow and green. While 
the inferior fruit caused by the scale is considerable in Italy, it is 
not a complete loss because it is acceptable for the by-product fac- 
tory. On the Amalfi coast, where fruit of the finest texture is pro- 
duced, it would seem that spraying, at a time when the young first 
appear, would in many cases be profitable. 

NATURAL ENEMIES. 

A species of Aphelinus is the commonest parasite on this scale in 
Ttaly. On host plants other than Citrus this parasite was some- 
times seen in very large numbers. Aspidiotiphagus citrinus has also 
been taken from A. hederae. 

1 Ttalian, Bianca; Sicilian, Bianca 0 rugna. 
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THE COTTONY CUSHION SCALE. 

Icerya purchasit Mask. 

DISTRIBUTION AND INJURY. 

The cottony cushion scale was observed at Acireale, Messina, and 
Bagheria in Sicily. It was not seen elsewhere in Italy, except at 
Portici, and was not observed anywhere in Spain. It is of recent 
introduction in Sicily (five or six years ago) and is supposed to have 
come from North America or Portugal. A severe infestation occurred 
at the places mentioned in Sicily as observed in April. Several trees 
were killed and cut down at Bagheria. (Pl. V, fig. 2.) Novius 
cardinalis was seen at work at Messina and Acireale, but after per- 
sistent search none could be found at Bagheria despite the fact that 
the beetle had been liberated by Dr. Sanat in February. Dr. 
Savastano was informed of this fact, and another colony was promptly 
liberated. When the place was again visited in August it was 
gratifying to see that apparently the entire infestation was com- 
pletely checked by the work of the beetle. The owner of the grove, 
who in May despaired of saving any of the trees, in August was 
elated and believed it little short of miraculous that he could be 
freed of the pest in such a short time. This infestation was so com- 
pletely cleaned up that Novius had disappeared for lack of food, and 
no trace of the beetles could be found in August. These same con- 
ditions have been observed in California; the beetles, upon eating 
all of the scales by midsummer, would themselves disappear, reap- 
pearing, however, in the following spring. The few young scales 
that escaped the beetle the year previous would multiply to such an 
extent that a heavy infestation oecurred by the following spring and 
would thus furnish food for the returning beetles wherever they 
came from. These circumstances were observed for four successive 
seasons in a particular grove in California, where the trees were 
finally cut back. It is hoped that these same circumstances will not 
prevail at Bagheria. 

LIFE HISTORY. 

From 500 to 800 eggs are deposited in the large fluted cottony 
mass which is secreted for this purpose. The eggs hatch in from 10 
days to 3 weeks, depending upon the temperature. The young 
larvee settle on the leaves and tender twigs largely, but later nearly 
all those on the leaves migrate to the twigs and branches, adults 
being found even on the tree trunk. The time required for develop- 
ment varies considerably under the same conditions and may range 
from three to four or five months. The great majority of eggs and 
young appear during May and June. 
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Fic. 1.—ORANGE TREES PARTIALLY KILLED BY THE PURPLE SCALE (LEPIDOSAPHES GLOVER!) 
AND THE LONG SCALE (LEPIDOSAPHES BECKII) AT BURRIANA, SPAIN. (ORIGINAL.) 

Fia. 2.—LEMON TREES KILLED BY THE COTTONY CUSHION SCALE (ICERYA PURCHASI) AT 
BAGHERIA, SICILY. (ORIGINAL.) 

SCALE INSECT ENEMIES OF CITRUS FRUITS IN THE MEDITERRANEAN. 

a 
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Fig. 1.—THE MEALY BUG (PSEUDOCOCCUS CITRI) ON ORANGES, SICILY. (ORIGINAL.) 

FiG. 2.—LEMONS WITH SEVERE INFESTATION OF MEALY Bua (P. CITRI), ACIREALE, SICILY. 

(ORIGINAL. ) 

DAMAGE TO CITRUS FRUITS BY THE MEALY BUG. 
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NATURAL ENEMIES. 

‘The one important natural enemy of this scale in Italy, as elsewhere, 
is the Australian ladybird, Novis cardinalis Muls. This beetle, as 
already intimated, has been introduced into all the known colonies of 
the seale in Sicily. The beetle has also been distributed with success 
in Palestine. 

Cryptochaetum icerya Will., a dipterous parasite, is the second most 
important enemy of the cottony cushion scale in some of the countries 
where it occurs, but it was not taken by the writer in Sicily. Itisa 
small fly of a metallic green color, the larva of which lives within the 
scale. 

THE CITRUS MEALY BUG.' 

Pseudococcus citri Risso. 

DISTRIBUTION AND INJURY. 

The citrus mealy bug is found in greater or less numbers in nearly 
all parts of the citrus sections of Spain and Italy. It frequently 
occurs 1n serious numbers, and masses of the insects, with their cottony 
secretion and also much sooty-mold fungus, will be found on the 
leaves and fruit. In Sicily during the season of 1913 the writer 
unhesitatingly places the mealy bug at the head of ali the citrus insect 
pests. Chrysomphalus dictyospermi is serious enough in several 
places, but the area involved is small as compared with that seriously 
infested with-the mealy bug. The scale is also more amenable to 
treatment. The worst infestations of the mealy bug occurred along 
the east coast at Catania, Acireale, and Messina, and several interme- 

diate points, though bad infestations were also seen at several points 
on the north coast. In many places the numbers were so great that 
the masses of cotton extended for an inch or two below the fruit. 
(Pl. VI, figs.1 and 2.) Many of the lemons fell from the trees, others 
were stunted in growth, and a heavy dropping of the leaves occurred. 
The fallen fruit and leaves, with the insects and cotton still on them, 
gave the ground a distinctly whitish appearance. 

Infestations of the mealy bug in Sicily in 1913 were just as severe 
and much more extensive than were those in the Ventura and San 
Diego sections in California a few years ago. Even outside of these 
extremely severe infestations, the insect was generally distributed 
and much more abundant throughout the entire citrus area in Sicily 
than was ever seen in California outside of the two sections mentioned. 

1$panish (Valenciana), Cotonet; Italian, Cocciniglia farinosa degli agrumi; Sicilian, Cuttunedda. 

2The writer may be pardoned for making frequent comparisons between the Mediterranean citrus sec- 

tions and that of California, but this is done for three reasons: First, people can best judge of conditions in 

foreign countries in terms of their own conditions; second, California is most like the Mediterranean citrus 

region; third, the writer is acquainted with citrus conditions in California. 
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It was stated by many people that the mealy bug was unusually 
abundant on the island in 1913. 

LIFE HISTORY. 

The mealy bug lays 300 or 400 eggs in the cottony mass that is 
secreted for the purpose, and these hatch in from 10 days to three 
weeks, according to the season. The development ranges from one 
month in summer to three in winter. 

NATURAL ENEMIES. 

The natural enemies of P. citra in Sicily are varied and numerous. 
The writer has found feeding on or attacking this insect one species of 
Hemiptera, two of Neuroptera, two of Coleoptera, two of Diptera, 
and six or seven of Hymenoptera. Of these, probably the most 
important is one of the species of Diptera. Two or three species of 
Hymenoptera were also very common, as well as one of the cocci- 
nellids.? 

In spite of all these enemies the mealy bug was the worst citrus 
pest in Sicily in 1913. The increase and decrease of this insect there, 
however, may be very greatly influenced by the attacks of all these 
enemies. 

PRAYS CITRI Millier.? 

DISTRIBUTION AND INJURY. 

Prays citri is the name of a small moth the larva of which often 

does serious injury to the blossoms of the orange and lemon. It is 
found in Sicily, in the Provinces of Calabria and Campania, and 
probably in other less important citrus sections of Italy. It was seen 
to be particularly abundant in the vicinity of Messina in August, 
1913, and a large percentage of the blossoms and newly formed fruit 
was destroyed. It occurs from April to November, but is especially 
destructive to the blossoms of the forced verdelli crop, which occurs 
in midsummer. The injury is caused by the larve eating into all the 
flower organs—stamens, pistils, petals, and ovule. 

LIFE HISTORY. 

The eggs are deposited apparently upon the calices or peduncle of 
the flower, usually just prior to opening. The larve upon hatch- 
ing bore through the inclosing parts to the organs within. Flowers 
thus attacked will have holes in the calyx, parts eaten out of the 
stamen, or burrows made into the pistil and ovule. Pupation usually 
occurs within the flower, but also in protected places on the leaves 
or forks of the twigs and branches. 

1 These different species of parasitic and predaceous enemies of the mealy bug in Sicily may be treated in 

more detail in a later paper. 

2 Ttalian common name, TJ%ignola degli agrumi. 
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RED SPIDERS. 

One species of red spider was seen in all the citrus sections of 
Spain and Italy. With a few exceptions, however, the numbers 
were not sufficient to do any great injury. Over small areas, par- 
ticularly along the roadside where there was considerable dust on 
the trees, many of the leaves had the characteristic light-colored 
mitelike areas. Not infrequently, too, the lemons would be scarred 
around the depression formed by the nipple at the calyx end, this 
situation being the most favorable feeding place on the fruit. 

This species is identified by the Italian entomologists as Tetranychus 
telarius. What we have been calling telarius in this country has 
recently been made synonymous with 7. bimaculatus Harv. The 
habits of bumaculatus in the citrus belt of California are very different 
from those of telarius in Spain and Italy. Bimaculatus has been 
observed to infest severely other food plants growing in the midst 
of citrus trees, both in California and Florida, without attacking the 

citrus trees at all. Bamaculatus on beans, violets, and a long list of 

other plants, feeds generally over the entire surface. Telarius in 
Spain and Italy feeds in restricted areas precisely as does T. sex- 
maculatus Riley on citrus trees. But red forms of telarius are com- 
mon in Mediterranean countries, while in California all that have 
been observed of sexrmaculatus are pale colored. The writer is not, 
however, necessarily assuming that sexmaculatus and telarius are 
synonyms, though their feeding habits are similar. He is, however, 
of the opinion that, judging from their difference in feeding habits, 
our bimaculatus and the European telarwus are not synonymous if the 
Mediterranean citrus species is properly identified as telarius. 

Another species which is flat and scalelike, probably a species of 
Tenuipalpus, was occasionally met with on citrus foliage in Sicily. 

THRIPS. 

A species of thrips, said to be Heliothrips fasciatus Perg., occasionally 
does some injury to the orange as shown by the marred fruit. (PI. 
IV, fig. 3.) But thrips scars on the fruit in Spain and Italy are 
rare, so that the insect is of little economic importance. Around 
Jaffa, however, a species of thrips sometimes does considerable 
injury, and spraying has been necessary. 

THE CONTROL OF CITRUS FRUIT INSECTS IN MEDITERRANEAN 
COUNTRIES. 

With the exception of a little fumigation in Spain for the control 
of Chrysomphalus dictyospermi, and limited spraying in Sicily for the 
same insect, practically no remedial measures are employed for the 
control of citrus fruit insects in the countries bordering on the Medi- 
terranean. This fact might be taken to mean that the pests there are 

a 
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of little economic importance because of their natural enemies, or 
for some other reason. But the lack of preventive measures in those 
countries as compared with California and Florida is largely a ques- 
tion of standards. 

The black scale is as serious a pest in Spain as it is in California. 
A large share of the million dollars a year spent in California for the 
control of citrus pests is counted against this insect. The black scale 
is not, however, as serious a pest in Sicily as it is in California and 

Spain. The purple scale injures trees and mars fruit in Spain and 
Italy as it does in California and Florida. The long scale is more 
injurious in Spain than it is in Florida, so far as the writer’s observa- 
tions have extended in Florida. This scale is not reported from 
Italy. While it is recorded from one or two small sections in Cali- 
fornia, it is of no consequence as a pest. Parlatoria zizyphus not 
infrequently causes a heavy dropping of the leaves, and also attacks 
the fruit both in Spain and Italy. It is not a general pest in the 
eroves of California or Florida. Itis often taken, however, on lemons 
in the markets of the eastern States, having been imported from 
Italy. Aspidiotus hederae is a more serious pest on ripe lemons in Italy 
than itis anywhere inthe United States. The mealy bug, Pseudococcus 
curt, ranks just as high, if not higher, as a pest in Spain and 
Sicily than it does in California. The citrus white-fly, the most 
serious of the Florida citrus pests, does not occur in the Mediter- 
ranean region. 

Nothing in the way of artificial control is practiced against any 
of the foregoing insects in any of the Mediterranean countries. One 
or two cases were met with in Spain where the grower had tried 
some patent concoctions on afew trees. Pruning, however, may come 
in the category of control for insects in those countries more than it 
does with us, as the following dialogue may illustrate: ‘What do you 
do for the scales when they actually kill the twigs and branches as 
seen on the trees before us?”” ‘‘ We cut out the twigs and branches.” 
Cutting out dead twigs and branches is, of course, a part of the prun- 
ing process, and not infrequently these dead parts are due to one of 
the foregoing insects. Ii the fruit is infested with the sooty-mold 
fungus, it is washed in sawdust, but the cause is not taken into con- 
sideration. If scales are present on the fruit, such fruit is placed 
in an inferior grade, or it is consigned to the by-product factory. 

In the case of Chrysomphalus dictyosperm, however, a start in 
control work is really being made both in Spain and in Italy. This 
is no doubt due to the fact that this scale causes more complete 
injury to the trees—indeed, practically kills them. As before stated, 
fumigation was seen practiced in Spain last year at Piaporto, Picafia, 
and Piug in the Valencia section. Possibly it is practiced also in other 
places, but evidence was not seen elsewhere at the time of the writer’s 
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visit. Mr. R. S. Woglum, of this bureau, introduced fumigation in 

- Spain in 1910, and it is being carried on in accordance with modern 
California methods. (Pl. X, fig. 4.) The cost as figured from a 
definite number of trees amounted to 1.10 pesetas, or about 20 cents 
per tree. In actual practice growers state that the cost averages 
from 25 to 30 cents a tree, which is about the same as that of Cali- 

fornia for trees of the same size. There are no large trees in the 
Valencia section and there are no seedlings. 

Advocated by Dr. L. Savastano,t the well-known pathologist, 
director of the experiment station at Acireale, the use of lime-sulphur 
is becoming popular for the control of C. dictyospermi in Sicily. 
Fumigation is out of the question in most parts of Italy where citrus 
trees are planted solidly because of the nearness of the trees. Spray- 
ing, therefore, is the only artificial measure that may be employed. 
The lime-sulphur spray is intended to kill the young largely. It is 
applied in June and again in August or the first part of September. 
The strength used is 5 per cent of lime-sulphur of 1.25 gravity (29° 
Baumé). This is for summer use when high temperatures may cause 
burning if used stronger. During the winter it is used at a strength of 
8 per cent and, if the infestation is severe and many of the leaves off, 

as high as 10 per cent. Lime-sulphur at the strength mentioned will 
probably kill most of the young that are hit, and if the application is 
repeated two or three tinies the numbers of the pest will be consider- 
ably lessened. Two or three sprayings are recommended at first to 
clean the trees, and then only one spraying annually thereafter. The 
same spray is recommended by Dr. Savastano with good results 
against Aspidiotus hederae and Lepidosaphes beckw. 

The spray as used in the groves of Sicily is applied by means of a 
hand pump mounted on a wheelbarrow truck. This is about as large 
an outfit as may be used under the trees. No horses ever enter most 
of the Italian citrus groves, all the work of cultivation, etc., being 
done by hand labor. From the writer’s observations a very great 
improvement resulted from the applications of lime-sulphur. Not 
all the insects were, of course, killed, but the numbers were greatly 

lessened, and a marked improvement in the trees resulted. This 
spray has the advantage, also, of checking many of the possible 
fungous troubles as well as stimulating the growth of the tree. 

Aside from the control measures mentioned, Dr. G. Brigante ” 
states that the worm, Prays citri, of the blossoms may, if necessary, 

be handled by a 1 per cent solution of lead arsenate. But poison 
sprays are in bad repute in Italy.* Prof. Ampola and Dr. 

1Savastano, L. Le conclusioni pratiche per la poltiglia solfocalcica (formo a della Stazione). R. Staz. 

Sper. di Agr. e fruitti coltura, Acireale, Sicily. Bol.no.11,11p., April, 1913. 

2 La coltivazione degliagrumiin Provincia di Salerno, Dott. G. Brigante, Direttore Cattedra Ambulante 

di Agricoltura per la Provincia di Salerno, 1912. 
3 Insetti damnosi e composti arsenicali, Teodosio De Stefani, Gazetta Commerciale, Palermo, p. 5-10, 

1912. 

| 
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Tomasi, of the Station Chimico-Agraria Sperimentale di Roma, 
strongly recommended the prohibition of arsenicals for general 
agricultural purposes. They conclude that their use is injurious to 
all sorts of plants and animals, but the most potent of their reasons 
is that the farmers, instead of poisoning their insect foes, might 
destroy human life. In addition to these control measures practiced 
in Spain and Italy, a small amount of spraying has been done around 
Jaffa in Palestine for a species of thrips on the orange. From the 
little evidence of thrips work that was seen at Jaffa the species occur- 
ring there is not HLuthrips citri, as was supposed. 

MEDITERRANEAN CITRUS FRUIT INSECTS THAT DO NOT OCCUR IN 
THE UNITED STATES AND THE POSSIBILITY OF THEIR INTRO- 
DUCTION. 

Of the citrus insects discussed in the foregoing pages, two do not 
occur in the United States, namely, Ceratitis capitata and Prays citri. 
Two others, Chrysomphalus dictyospermi and Parlatoria zizyphus, while 
occurring in the United States, do not appear to be established as 
important pests, as is the case in the Mediterranean region. Con- 
cerning the distribution of these two scales, Mr. C. L. Marlatt, under 
date of March 5, 1914, writes as follows: ‘ 

Chrysomphalus dictyospermi is frequently found on palms and quite a number of 

other plants which are probably imported, and has a wide distribution in greenhouses, 
Out of doors it does not seem to thrive very well on this continent, and I think we 

have very few outdoor records of it, and these naturally from southern points. It has 

been so often brought into this country that its failure to establish a foothold in citrus 

orchards apparently indicates unfavorable conditions for this insect, but it is, of course, 
possible that this may have resulted, after all, from lack of favorable opportunity. 

Parlatoria zizyphus, as you know, is brought to this country all the time on Italian 
lemons, and has been found in the open market wherever these lemons are sold, in- 

cluding well-established citrus districts such as those of Florida and Louisiana. 

In case these two scales did become established in our citrus groves 
our present control methods, at least fumigation, would handle them 
successfully. This fact, however, should be no exccuse for not quar- 
antining against them. On the other hand, the other two, Ceratitis 
capitata and Prays citri, would not only be serious pests but would 
not be controlled by any of our methods now in use for citrus trees. 
Ceratitis, moreover, is not limited as a pest to citrus fruits; indeed, 
citrus fruits are by no means its favorite food, but it attacks a long 
list of deciduous fruits. The scope of this paper has to do, however, 
chiefly with citrus fruits. 

The first shipments of oranges are made from Spain as early as 
October, and a few of the mature fruits at this time may contain 
larvee of Ceratitis. But with the approach of cold weather in Novem- 
ber and December the fly disappears. The time when infested fruits 
might be received from Spain is at the beginning of the shipping sea- 
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son in October and November, and again during the final shipments, 
the last of June and first of July. The reason more infested oranges 
do not occur in Spain is not, as has been suggested, because the fruit 
is picked too green, but because practically all the fruit matures and 
is harvested at a season when the fly is not active or breeding. This 
applies to practically all semitropical countries where citrus fruits 
are grown commercially. Plenty of oranges were seen in Spain that 
were fully mature in March, but which were not harvested until 
May or June. The heavy shipments do not begin in Spain until 
November, and by May the season is virtually ended. 
What has been said regarding oranges in Spain applies to all the 

Mediterranean citrus sections. Up to the middle of October in Pal- 
estine the oranges were still too green to be infested with Ceratitis. 
Even though the fly may be present and actually deposit eggs in the 
fruit, there is no danger of the larve developing if the fruit is imma- 
ture. In spite of numerous punctures and eggs in the fruit which 
were seen in Sicily up to October 1 and in Palestine up to October 15, 
no larve succeeded in developing or getting beyond the egg cavity, 
but there perished. 

The lemon is an unusual and rare host for Ceratitis, at least in the 
great lemon-producing section of Sicily. It was only very rarely, 
and, it must be admitted, more or less accidentally, and after much 
persistent searching, that lemons were found infested in Sicily. Out 
of numbers running into hundreds of thousands only 15 were found 
infested. And all of these infested lemons were so badly broken 
down by decay that they would not only be rejected for shipping, 
but, with three or four exceptions, would be rejected for the by- 
product factory. So far as one season’s experience in Sicily warrants 
the conclusion, therefore, there is only the remotest possibility of the 
entrance of Ceratitis into this country through the importation of 
lemons from Italy. 

In the case of most other fresh mature fruits, which are harvested 
between May and November, inclusive, and coming from the Medi- 
terranean -countries, the possibility of Ceratitis introduction can be 
removed only through a strict embargo against such fruits or a 
subjection to a rigid inspection. 

THE OLIVE FLY. 

Dacus oleae Rossi. 

Since the olive is usually grown in the same countries as citrus 
trees, it may be pertinent in this place to mention the olive fly. 
This insect, Dacus oleae, is one of the most serious pests of the Medi- 
terranean countries. In fact it is the opinion of the writer that it far 
outranks Ceratitis capitata. A heavy infestation of the olive fly has 
been seen in different places, but particularly in Sicily and southern 
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Italy. Most of the olives attacked fall to the ground before reaching 
maturity. In the case of the olive fly, mature fruit is not at all 
necessary for infestation. Because of the economical use made of 
all the inferior fruit in these countries—something we have yet to 
practice—infested olives are not a complete loss, for they are used 
for oil, most of which is used in the manufacture of soap. The 
striking difference in habits between the olive fly and the Medi- 
terranean fruit-fly is that, with the former, pupation occurs within 
the fruit, instead of in the ground or otherwise out of the fruit as is 
the case with Ceratitis. 

Infested olives may be distinguished by a circular area on the 
surface that is of a hght gray color. Before entering the pupal stage 
the larva eats out a channel to the surface of the fruit, leaving only 
the thin epidermis. It is this, with the tissue eaten away below, 
that forms the characteristic gray area that indicates infestation. 
It is much the same as that made in the case of the pea and bean 
weevils. Having completed the burrow to the surface, the larva 
retreats a short distance and transforms to the pupa, enclosed in the 
characteristic puparium, that looks much lke that of Ceratitis. 
Upon emerging the adult fly breaks through the epidermis, which 
has been left for protection, by means of its ptilinum. 

Fortunately olives are not transported unless pickled, and thus 
the danger of introduction is not great. But a sharp lookout should 
be kept for any olives that might possibly be imported fresh from 
these countries, since the egg, larval, and pupal stages are all passed 
within the fruit. 

THE MEDITERRANEAN CITRUS FRUIT INDUSTRY.’ 

SPAIN. 

LOCATION. 

The most important citrus section of Spain, where 90 per cent of 
the crop is produced, consists of a narrow strip, 10 or 15 miles wide 
and 150 miles long, extending from Denia in the Province of Alicante 
northward as far as Vinaroz in the Province of Castellon. This is 
the so-called ‘‘ Valencia section,” the city of Valencia being situated 
somewhere near the center of the strip. In this section are recog- 
nized two distinct districts, the ‘‘Ribera”’ and the ‘‘Plana.” The 

‘‘Ribera”’ lies to the south of Valencia and centers chiefly about the 
towns of Alcira and Carecagente. This district is more or less rolling 
and hilly and is separated from the sea, which is 15 or 20 miles 
distant, by hills and mountains. The ‘‘Plana’’ les north of the 
City of Valencia and centers about the town of Burriana. This is a 
perfectly flat plain and borders directly on the sea. Around the 

1 In this account of the Mediterranean citrus industry only such phases are presented as are necessary 

to a better knowledge of the insects discussed in the earlier pages of this paper. 
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Fic. 2.—THE RAILROAD PACKING HOUSE AT CARCAGENTE, SPAIN. (ORIGINAL.) 

SORTING AND SHIPPING CITRUS FRUITS IN SPAIN. 
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Fic. 1.—HAULING ORANGES TO THE BOAT LANDING AT BURRIANA, SPAIN. (ORIGINAL.) 

Fic. 2.—LOADING ORANGES IN SMALL BOATS TO BE TRANSPORTED TO STEAMER, BURRIANA, 

SPAIN. (ORIGINAL.) 

ORANGES IN TRANSIT IN SPAIN. 
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city of Valencia itself in the ‘‘Heurte de Valencia” there are few 

oranges grown, excepting at Piaporto and Picafia and to the west- 

ward of these villages. 

Going farther southward the next important orange section is at 

Murcia, and then at Malaga, with a few scattering groves between. 

In the Malaga section probably the most important center is at 
Alora, some distance back from the sea, and in a mountainous 
country. The next important section of Andalusian Spain is in the 
vicinity of Seville. Here, however, practically all of the crop is ot 
the bitter variety and is shipped to Great Britain and made into 

marmalade. 
METHODS OF HANDLING CROP. 

The harvesting season in Spain extends from October to July, with 
the heaviest shipments occurring from November 15 to December 1. 
The oranges are picked in small baskets and from these are dumped 
into larger baskets along the roadside or edge of the grove, thence 
being carried, by means of carts, to the packing house. They are 
here spread on the floor to a depth of about 2 feet, the floor and sides 
for a couple of feet being first covered with a layer of rice straw. 
Women sit around the edge of these piles of fruit which, if infested 
with sooty-mold fungus, is rubbed first in wet and then in dry saw- 
dust to remove the mold. Other women then sort out the fruit in 
three different sizes, entirely by sight, and also discard the culls. 
The fruit is then wrapped in paper by other women and packed in 
the boxes. 

The three sizes of fruit are represented by the cases containing 
respectively 420, 714, and 1,064, and which weigh 165 pounds each, 
or about twice that of the American box. There is absolutely no 
machinery in a Spanish packing house, all the processes of handling, 
grading, washing, and box making being done by hand. The packing 
house itself is, therefore, simple, consisting of four walls and a roof, 
the earth forming the floor. (Pl. VII, fig. 1.) The appurtenances 
consist of the shipping cases, a good supply of shallow wicker baskets, 
and plenty of women to do the work. The time the fruit remains 
in the packing house depends largely on the departure of the steamer 
and varies from a day or two to more than a week. 

After the fruit is packed in cases it is hauled, in carts, without 
springs, to the boat landing. Here the cases are unloaded along 
the shore and later placed in small boats and finally transferred to 
the steamer. At Burriana, the port of the ‘‘Plana”’ district, from 
which 2,000,000 cases are shipped annually, there is no pier, and the 
small boats are pulled up on the gravelly beach by oxen. (Pl. VIII, 
fig. 2.) The town, which is about 2 miles inland, and in which 
there are upwards of 100 packing houses, is not connected with the 
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beach by any railroad, and all of the 2,000,000 cases are hauled in 
carts each year, over a very bad road. (PI. VIII, fig. 1.) 

The foregoing description applies to the fruit sent by sea. A very 
small amount of the crop that is sent by railroad is also packed in 
boxes and handled in the way described. But nearly all of the fruit 
shipped by railroad is simply conveyed in loose carload lots. From 
10,000 to 15,000 tons are exported from the Valencia district in this 
manner, while 400,000 to 450,000 tons are shipped by sea. Where 
the fruit is to be shipped by railroad in loose carload Jots, the packing 
house occurs alongside the railroad. These packing houses are even 
simpler than those already described, for they consist simply of a 
roof, the sides being left open. The earth is graded up to the height 
of the floor of the car to facilitate the transfer of the fruit. The floor 
of this open-air packing house is covered with rice straw, as are also 
the floor and sides of the car. The cars are usually of the pattern 
of our stock cars, with lattice work on the sides to allow for plenty 
of ventilation. (Pl. VI, fig. 2.) 

The oranges are brought from the field directly to the railroad 
packing house, where they are piled on the floor. Women here give 
the fruit the sawdust treatment, if needed, and the culls are discarded. 

It is now ready for the car, where it is carried in baskets and filled 
to the depth of a couple of feet. Such fruit goes mostly into France, 
or to other parts of Spain. 

PRODUCTION AND EXPORT. 

From figures kindly furnished by Mr. Claude I. Dawson, American 
consul at Valencia, the total production of oranges for the season 
1912-13 amounted to nearly 7,000,000 cases of 165 pounds each. 
This amounts to about 38,500 California carloads or 45,117 Florida 
carloads. Of this amount 5,573,627 cases were shipped by sea, as 
follows: 

Great Britain. 2 seein oe ee eee ae oe Se eee 2,253,076 

(FETHARD sex ea clans sean cee etal gese we eee tes ee tee tee eae 1, 374, 829 

Ho llamdieeeer ec ere ces A ere re on ee ee 501, 645 

IN OFWayrands Sweden. 9-2 Seer ae eae ae eee ae ee 84, 374 

PAT IS FUCA DY aoe et on emer ne eee oe 18, 110 

MO Srrrar ete oe 8 ee te I a re ees 17, 103 
JENA TVG O fee a RA pete RLS Siege ee cee ens ee cpa ree eee 6, 033 

PUSSIES SS Serco. che See Som ees ce gcere eee ere eae Ske Rs 1, 000 

The overland shipments to France approximated 1,200,000 cases, 
and the remainder of the crop was consumed in Spain. 

According to the figures of the United States Bureau of Statistics 
there were shipped into the United States from Spain in 1912, 9,000 
pounds of oranges and lemons (not separately listed), valued at $204. 
The only records the writer was able to obtain in Spain of orange ship- 
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ments to the United States were of a few small shipments during the 
last two or three years from Seville. The use made of these ship- 
ments was not known, but was no doubt for the manufacture of 

marmalade, as is the case with all the bitter orange product of Seville. 
One hundred and fifty thousand cases are exported annually from 
Seville, mostly of the sour or bitter orange, and practically all are 
sent to Great Britain for the manufacture of marmalade. 

ITALY. 

LOCATION. 

The important citrus fruit areas of Italy are on the Island of Sicily, 
in the Provinces of Calabria and Campania, and along the Riviera, 
di Ponente and the Riviera Levante. 

The most extensive section, particularly for lemons, is in Sicily. 
The area extends along practically the entire north and east coasts. 
There are, of course, breaks in this strip, as where the mountains 

extend abruptly to the sea, or where grapes largely occupy the ter- 
ritory, as at Milazzo, Carruba, and Riposta, or on the plain south of 
Catania, where various other crops are grown. The kmits of this 
area are the Gulf of Castellammare on the north and Avola, below 
Syracuse, on the east coast. Even within these limits lemons do not 
occur solidly because of the irregularity of the land, lack of water, 
and unsuitable soil. Most of the lemons are grown in close proximity 
to the coast, but occasionally they extend inward for several miles, 
as at Monreale, Alcantara, and Floridia. Occasionally citrus trees 
will be found in the interior valleys, but here it is largely oranges, 
probably because of the greater likelihood of frost. 

In the Province of Calabria there is a considerable area of citrus 
fruit along the coast from Reggio to Rosarno and farther northward 
and inland at Cantanzaro and Cosenza. The Campania section is 
situated principally along the coast from Salerno through Majori and 
Amalfi to Positano. Here the trees are grown on terraces (Pl. IX, 
fig. 1), formed on the very abrupt slopes extending upward from the 
sea. Unlike other sections, also, the trees are covered with trellis, 
on which, during the winter for protection against frost and wind, 
is placed straw and brush. The Riviera section consists of a narrow 
and much broken strip extending from Ventimiglia on the French 
border to Spezia. 

METHODS OF HANDLING CROP. 

Lemons in Sicily are harvested practically every month in the 
year, the heaviest shipments occurring in the spring and early summer, 
while the fewest shipments occur during the month of August. The 
nuober of pickings in any particular grove is from four to six. The 
lemons are broken from the tree by hand, leaving two or three inches 

| 

| 
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of stems with the fruit. These are placed in small baskets, supported 
in the tree or carried on the arm, and when filled are carried to the 

men who clip off the extra stem, leaving the usual button. In the 
case of verdellis, green lemons, during the summer, these are some- 
times broken from the tree by means of a forked bamboo rod. This 
rod is long enough to reach to all parts of the tree from the ground, 
and the fruit is simply allowed to fall as it is twisted off. When asked 
about the effects of bruising by such a method, it was stated that the 
fall does not hurt the green fruit. Such a method is rapid, since the 
lemons are quickly twisted off and allowed to fall, and are picked up, 
usually by small boys, but it is not practiced by the best growers. 

The fruit with the smal! buttons is placed in baskets and carried 
thus to the field packing house (Pl. X, fig. 3). Here it is roughly 
graded, and the cuils are separated for consignment to the by-product 
factory. Itis placed in the regular shipping boxes (PI. X, figs. 1, 2), 
but thrown in loosely, with paper around the inside of the box. 
Sometimes with the better grades, and in the case of long hauls, 
each lemon is wrapped separately. In these shipping boxes the fruit 
is carried in carts to the town or exporter’s packing house, where it is 
regraded, sorted, and packed back in the same boxes, when it is 
carried in carts to the lighter, and thence to the steamer for final 
shipment. (Pl. IX, fig. 2.) 

The time the fruit remains in the field packing house may vary 
from 1 to 3 or 4 days, or longer; in the exporters’ packing houses, 
from a day or two to a week or two. The average time of transit from 
Palermo to New York is 12 or 15 days. The time between the picking 
and the landing of the fruit in New York may thus range from 18 
days to 30 or 40 days. 
A large percentage of the fruit that is harvested during the spring 

and early summer is what is called in California tree-ripe fruit, 
while that harvested in midsummer and fall is mostly green fruit, or 
verdellis. Verdellis, of course, occur with the yellow fruit, and they 
are packed separately and so consigned. The large proportion of 
verdellis which occur in midsummer are artifically produced. During 
the previous summer water was withheld from the trees for about six 
weeks, and then two or three irrigations were applied in quick suc- 
cession. ‘This procedure causes the trees to throw out an unusual 
amount of blossoms which mature into fruit the following summer. 
This fact of a very large preponderance of green fruit during the 
summer and fall has an important practical bearing in connection 
with the possible infestation of the Mediterranean fruit-fly. It is 
during the summer and fali that the fly is most actively breeding. 
Very little yellow fruit appears before November, but from that time 
until the following July it is nearly all yellow fruit. No place was 
seen in Sicily where lemons are subjected to forced curing, as they are 
in California. 
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Fic. 1.—THE FAMOUS TERRACED LEMON GROVES ON 

THE AMALFI COAST OF ITALY. (ORIGINAL.) 

Fic. 2.—LIGHTERS OF THE FELLUCA TYPE CARRYING LEMONS TO THE STEAMER, PALERMO. 

LEMONS IN ITALY. 

ee 
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Fic. 1.—TRANSPORTING LEMONS IN THE HILLY SECTION OF SICILY, WHERE THE ROADS 

ARE Poor. (ORIGINAL.) 

Fig. 2.—OpPEN Cars (No Roors) LOADED WITH BOXED LEMONS FOR TRANSPORTATION 
FROM THE SMALLER TOWNS TO THE SEAPORT, SICILY. (ORIGINAL. ) 

Fic. 3.-A “FIELD” PACKING HOUSE AND CART WITH BASKETS OF LEMONS FROM THE 

NEAR-BY GROVES, SICILY. (ORIGINAL.) 
Fic. 4.—A FUMIGATING TENT, IN POSITION, SPAIN. MODELED AFTER THE OUTFITS ORIGINAT- 

ING IN CALIFORNIA. (ORIGINAL.) 

Fic. 5.—A LABORATORY AT PALERMO; THESE ARE THE PEPPER TREES. (ORIGINAL.) 

TRANSPORTING LEMONS IN SICILY. FUMIGATION OF CITRUS TREES 
IN SPAIN. 
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PRODUCTION AND EXPORT. 

The total acreage exclusively in citrus fruits in Italy in 1909, 
according to Powell,’ was 108,400 acres, and 170,000 acres on which 
other crops were grown. A total of 85,252 acres were grown in 
Sicily, out of which 4,102 acres were in mixed cultivation; 13,890 
acres entirely in citrus fruits were in the Province of Calabria and 
9,385 acres in the Province of Campania. 

The total production of lemons in Italy, including that converted 
into by-products and that used in home consumption, in 1911 was 
1,192,701,829 pounds, or 47,785 of our carloads, basing this calculation 
on the size of the California box of lemons, which is estimated to 
weigh 80 pounds, and on the number of these boxes, namely, 312, 
loaded in the California cars. The exports of lemons alone were 
570,306,431 pounds, or 22,841 of our carloads. The United States 
during the past 10 years has received about 35 per cent of the total 
exports. In 1910 the distribution among the principal countries 
was as follows: 

Per cent. 

HOmIbe Me S Gales ee ea Soins Ona ecm amiau ce. SORE Ge collie 
JAERI, 1 RW Oe PEN iad ies kV A ee eee MG ee icra a Pie ee ig Se 19.8 

lWnbede Kame diom® aca se Sine yee N ERIC a A es Vee le 

(Giese a Ay Gear He a esr tee Ne otc OTe a 13 

VECTUVSISTI 5 SA Esc ft yea iy a aS aor ee ap gE DR ee 8 

In 1911, 96 per cent of our Italian lemons came from Sicily, of 
which 86.4 per cent were from Palermo, 9.8 per cent from Messina, 
and 3.8 per cent from Naples, including the Amalfi Coast district. 
The Italian box contains about 73 pounds of fruit, which is chiefly 
in 300 and 360 per box sizes. About half of the total imports arrive 
here in May, June, and July; 85 to 90 per cent are received in New 
York, about 5 per cent in Boston, and smaller quantities in New Or- 
leans, Philadelphia, Baltimore, and a few other places. 

According to the United States Bureau of Statistics, the total 
imports of lemons from Italy in 1912 were 145,275,122 pounds, 
valued at $3,359,115; of oranges, 401,161 pounds, valued at $9,319. 

FRANCE AND ALGERIA. 

No extended observations were made in the citrus sections of 
France and Algeria. In France the area appears to be limited to a 
short and much broken strip along the Mediterranean Coast, the 
French Riviera, extending from Cannes to Menton on the Italian 
border. In northern Africa the most extensive production of oranges 
is in Algeria. But the output there is not large, for Algeria and 
France together do not produce nearly enough for home consumption 
in France, as evidenced by the large imports from Spain. 

1 The figures here given are from Powell, Harold C., and Wallschlaeger, . O. The Italian lemon indus- 

try. Jn Citrus protective league of California, Bul. 10, 58 p., Jan., 1913. 
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PALESTINE AND EGYPT. 

In the eastern Mediterranean countries the most important citrus- 
producing sections are in Palestine and Syria. The largest and most 
important district is in the neighborhood of Jaffa, the home of the 
well-known Jaffa orange; 1,600,000 boxes (same size as ours) were 
shipped from Jaffa alone last year. Most of these were sent to the 
Liverpool market, with smaller amounts, and of poorer grade, to 

Turkey, Egypt, and other near-by countries. In all the earlier 
plantings around Jaffa the trees are -very close together—9 to 12 
feet. In the later plantings, however, and particularly in the Jewish 
colonies, where all the best groves are located, they are from 14 to 
18 feet apart. Irrigation is by the basin system, and the source is 
from wells, from which the water is pumped, in the Jewish colonies, 
by gasoline engines. On account of the sandy soil largely, water is 
applied every 8 or 10 days. The methods of packing and shipping 
are much the same as in Italy and Spain. Mr. A. Bril, a prominent 
grower and manager of the Jewish colonies around Jaffa, who visited 
the United. States last year, has adopted California methods, and the 
fruit so handled and packed brought 25 cents a box more than other 
fruit. 

Aside from Jaffa there is another small section around Acre, 
farther to the north and also along the Palestine coast. Still farther 
north in Syria there are citrus sections at Saida and Tripoli, there 
being a considerable lemon acreage in the latter place. 

In Egypt citrus culture is limited to scattering groves, most of 
which are poorly cared for, and from which the production is limited 
to local consumption. 

METEOROLOGICAL DATA FOR VALENCIA, SPAIN, AND PALERMO, ITALY. 

Since meteorological conditions may have a very great influence 
on many insects, as has been specifically pointed out in the case of 
the black scale, the following data are given for the most important 
orange and lemon centers, respectively, of the Mediterranean 
countries. 

It will be noted from the following tables that, excepting 1910, 
higher temperatures prevailed at Palermo than at Valencia. High 
temperatures at Palermo, moreover, are accompanied by extreme 
dryness, and usually much wind. This combination of heat and very 
great evaporation is sufficient to account for the scarcity of the black 
scale in Sicily, as compared with Valencia, Spain. The writer is also 
inclined to attribute the scarcity of the purple scale in Sicily to this 
same cause. In the United States the purple scale thrives best m 
Florida and the coast counties of southern California. While rather 
high temperatures prevail in Florida, there is also much humidity. 
The distribution of the purple scale at present in the United States is, 
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therefore, limited to sections of more or less moisture. In this re- 
spect it is like the black scale, but the black scale does not thrive so 
well in high temperatures, even if accompanied by much moisture. 
The purple scale does not yet occur in the interior counties of southern 
California or in.the great valleys of that State. Of course this may 
be due to the close quarantine that has prevailed in those sections in 
recent years against the purple scale. But judging entirely from 
its present distribution, the purple scale appears to be restricted to 
regions of more or less moisture, or at least. to those in which the 
combination of high temperatures and low humidity does not prevail. 

Temperatures at Valencia, Spain, and Palermo, Italy, January, 1910, to August, 1913, 
inclusive} 

Valencia, Spain. Palermo, Italy. 

Maxi- Mini- Maxi- Mini : 
mum. | mum. | Mean mum mum Mean 

January... 
February. 
March. 
April. . 

ay.. 
ITO MN emp cee cos lim ene Bees 
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PATI SUIS Geer eee See sais nin seem Soacieinelnic cieeinie a 
September 
WC ODES ie eae ea awa zine eee . 
INO VOMUD Cis e mics eras ois ac sisiee cis Hemasaisiss 79 37 58 87 37 58 
WMECOMibOLste reser een sco ccetios aces Sas 72 34 53 77 38 55 

1911 
(RTP Ny Secescos SESS OBESCOO CAE Reso Se seaaee 66 35 46 64 31 48 
HODNUAVA aes se ccleee sa eceeae See ee 81 35 51 72 30 49 
TTR ICG) ON 2 ae ea ae ae cay 70 33 53 82 34 55 
INGOTS RSG iss aa A oe oe mC 88 35 56 80 39 56 

cay gee eal eee UNUM Se EU 83 42 63 80 47 62 
ACB U TYE i Oa a ote ae 86 53 69 86 52 70 
Ut S iS eae ein eo ae See Ue ReceneabEmccrs 98 59 69 92 52 76 
PAI SUS Pate ae ae onieh Sic ins isiclereidis wisiew obs eis 95 60 77 93 64 79 
Seplembenser-: ese cee ascewaces eeeeiis 96 55 73 105 56 74 
OCOD OTe ene a ees se tee aceeeeees aoe 80 42 64 93 51 69 
INO eMIbersssey see eee aa Moos maecices 75 35 55 80 45 62 
IN GCOMDCL ees Ns ee casas owes nesaeks 71 33 53 70 38 55 

1912 
UENO ETA owe ee eee SS sel Nes eN ee a ane me 71 35 51 70 35 52 
PROD GUAT poe eee ieee hose Oe OI 77 33 55 71 37 55 
TIA) aS ae chet 84 37 58 7 40 ing 
Ajay Lad AS ase gee ees RAT BAN So 75 37 57 79 41 57 
INTERY5 SUG SUE CO COCRE HOSES banaeer eH seenercne 94 43 65 93 45 64 
ATT OR Sas Seca eee etna Seem ae ae 86 50 68 87 54 70 
CA OB ERAS Ee erence ae taaee ciara etae 97 59 74 106 59 77 
PANT OTIS Geer mieciceh one eee eee caeeice eee 100 48 74 92 57 75 
September s sae ee ee 96 52 68 83 51 66 
(OGIO) SSRRAS Ba See Scr aR Spee ee Henrie mere 86 45 63 79 50 64 

74 42 54 
68 40 52 

65 el 52 
67 33 50 
84 36 54. 
79 40 59 
85 47 64 
88 53 70 
95 56 74 

107 57 7. 

1Tn converting centigrade into Fahrenheit, fractions have been discarded. 
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EXPERIMENTS IN THE PRODUCTION OF CROPS 
ON ALKALI LAND ON THE HUNTLEY RECLAMA- 
TION PROJECT, MONTANA. 

By Dan HANSEN, 

Farm Superintendent, Office of Western Irrigation Agriculture. 

INTRODUCTION. 

On the Huntley Reclamation Project in Montana there is a large 
area, comprising as much as 6,000 or 7,000 acres, or somewhat less 
than one-fourth of the area of the project, in which much of the land 
contains an excess of salt or alkali. There is, of course, much varia- 
tion in the salt content of this land, but on all of this portion of the 
project there has been more or less difficulty in getting good results 
with crops. This salt, which is made up largely of sulphates of sod 
and lime, has been derived from the weathering of the underlyin 
shale and from leaching from the shale beds which protrude from th 
higher lands south of the irrigated tract. 

Soon after the project was opened to settlement in 1907 it becam 
apparent that some special methods would be required to bring these 
salty lands into full production. In 1909 the Department of Agri- 
culture established an experiment farm on the Huntley project near 
the town site of Osborn. At this point the salt content of the soil is 
not excessive. In order to meet the demand for information as to 
the best method for reclaiming the salty land, operations were begun 
in the autumn of 1910 on a tract of 40 acres near the town site of 
Worden, 4 miles east of the experiment farm. This Worden tract, 
as it is called, is situated near the center of the badly affected area 
and is fairly representative of that area. 

The surface soil on this tract is a very heavy impervious clay con- 
taining alkali salts in amounts that are not tolerated by most crop 
plants. The physical. character of the soil is such as to prevent 
natural leaching, and there has been an accumulation of the salis 
in the surface soil. Underlying the surface soil, at depths varying 
from 5 to 8 feet, is a stratum of sand and gravel. 
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The land in the affected area is somewhat lower than the surround- 
ing lands of the project and is generally rather level, being broken 
only occasionally by slight depressions or natural-drainage wasteways. 
Very little leveling is necessary in preparing the land for irrigation. 

The natural vegetation is a low, scattering growth of scrub sage and 
saltbush and a very little grass. Throughout the entire area are 
many small spots entirely barren of vegetation. The soil on these 
barren spots bakes rapidly and becomes very hard after rains. 

The lower layers of the soil between the upper foot or two and the 
underlying gravel contain very little moisture before irrigation 
water is applied or before they are affected by the rise of ground 
water. The ground water at the time this work was started in 1910 
was 6 to 8 feet below the surface and occurred only in the underlying 
gravel. This gravel stratum is apparently broken or contains so 
much fine material that the water entering the soil from the irriga- 
tion of higher lands can not be carried off as rapidly as it enters the 
soul, and there has been a consequent rise of the ground water over 
this area during the past two years. It rose during the season of 
1913 to within about 3 feet of the surface. 

It appears that the problem involved in the reclamation of this 
land is the opening up of the surface soil so as to make possible the 
leaching out of the alkali salts either by the application of irrigation 
water or by the rainfall. . 

This soil is also very deficient in vegetable matter, and it appeared 
that the addition of humus by plowing under green-manure crops 
would be one of the best means of improving the physical condition 
of the soil. Rye appeared to be the best crop for this purpose, as 
it is able to produce a crop under rather adverse conditions. In the 
fall of 1910 about 12 acres of the land on this tract were broken up 
and planted to winter rye. This land lies in two fields. Field M-I 
contains about 5 acres and field M—II about 7 acres. The rye crop 
made a fair though rather irregular growth, and was plowed under 
in June, 1911, when the plants were heading. On the 7-acre field 
and on a part of the 5-acre field this treatment was repeated in 1912. 
The second year’s crop of rye was much heavier and more uniform 
than the first. Each year after plowing the rye under, the land was 
cultivated frequently after rains, to maintain a mulch and to prevent 
the crusting of the surface. By this method the tilth of the soil 
appeared to be much improved, and the amount of salt in the surface 
soil, as shown by determinations made at different dates, was greatly 
decreased. The land on which the green-manure treatment had 
been applied for two years was cropped to winter wheat in 1913. . 
The wheat on field M-IT yielded 28.7 bushels per acre and that on 
field M-I 35 bushels per acre. ‘Trials of alfalfa and sugar beets 
were also made in 1913 on small plats that had received the green- 
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manure treatment. Sugar beets yielded at the rate of 11 tons 
per acre, and a satisfactory stand of alfalfa was secured, although 
the success of this crop will, of course, not be known until next 
season. 

It appeared that the leaching out of the salts might be hastened 
by frequent light applications of irrigation water followed by culti- 
vation after each irrigation. The purpose of this cultivation was 
to keep the soil opened and to cause the water to move downward 
through the soil to the underlying gravel. 

This irrigation was done by means of the bordered check system 
in which small plats were bordered and made as nearly level as pos- 
sible, so that the drying of the soil after irrigation would be uniform, 
in order that the cultivation would not be delayed. This method 
was practiced on a series of plats on which one green-manure crop 
had been plowed under and was continued during a part of the season 
of 1911 and all of the season of 1912. Determinations made at 
different times indicated that the total salt content of the soil was 

at first materially reduced by this method, but that it increased 
slightly in the lower depths during the latter part of 1913, owing 

_ to the rapid rise of the ground water. This land was cropped in 
1913 to alfalfa and oats, one plat to each crop. A good stand of 
alfalfa was secured, and the oats yielded at the rate of 51.6 bushels 
per acre. 

On another series of plats on which the flooding and cultivation 
treatment was practiced, manure was applied at the rate of 20 loads 
per acre each year during 1911 and 1912. Determinations of the total 
salt content of the soil indicate that this method was only slightly 
more effective in reducing the salt in the soil than the irrigation and 
cultivation treatment without the use of barnyard manure. The 
crops grown on this land in 1913 were spring wheat, oats, and sugar 
beets. Wheat yielded at the rate of 36 bushels, oats at the rate of 
68.9 bushels, and beets at the rate of 7.9 tons per acre. 

The method of plowmg under green manure has apparently been 
more effective in reducing the salt content of the soil, as indicated 
by determinations made in 1913, than has either of the other methods 
tried. 

During the latter part of the season of 1912 and during 1913 there 
has been a rapid rise of the ground water over this area. The average 
depth during 1913 was about 3 feet, and it is apparent that under- 
ground drainage will be required before the benefits of soil treat- 
ment can be expected to be permanent. 

The experimental work, begun on this tract in 1910, has been 
continued during three seasons and is still in progress. While the 
reclamation of the tract is not yet completed, substantial progress 
has been made, and it seems desirable to publish an account of the 

| 
| 
| 
| 
| 



4 BULLETIN 135, U,.S. DEPARTMENT OF AGRICULTURE. 

work and of the results so far accomplished. <A detailed account of 
the observations made, the experiments conducted, and the results 

secured is given in the following pages. 

QUANTITY AND CHARACTER OF THE SALT. 

Determinations of the quantities of salts in this soil have been 

made with the electrolytic bridge at intervals since this work was 
started. The samples on which these determinations were made 
were taken from six different strata, -as follows: The first 3 inches, 

3 to 6 inches, 6 to 12 inches, 12 to 24 inches, 24 to 36 inches, and 
36 to 48 inches. A general idea of the total salt content of the virgin 
soil can be obtained from the average of 50 samples from each depth 
taken on five different dates—May 2, June 5, July 16, September 3, 

and October 23, 1913—from 10 different places on the tract. The 
total salt content of the soil of each layer (expressed as a percentage 
of the air-dry soil) was found to be as follows: Top 3 inches, 0.65; 
3 to 6 inches, 0.92; 6 to 12 inches, 1.54; average of first foot, 1.16; 
12 to 24 inches, 1.83; average of top 2 feet, 1.49; 24 to 36 inches, 
2.08; 36 to 48 inches, 1.79; average of top 4 feet, 1.71. 

It is seen that the salt content of the virgin soil increases rapidly 
with the depth. The average of 1.71 per cent for the whole 4-foot 
layer is equal to 111.73 tons of salts per acre. This percentage is 
too high to permit normal growth of most field crops. Analyses 
have been made of the salt in the soil samples taken on May 21! from 
10 borings. The results of the analyses (expressed as percentages 
of air-dry soil) of the 10 composite samples are as follows: Total 
salts, 1.774; CaO, 0.2374; MgO, 0.0698; NO,, trace; Na,O, 0.4410; 
HCO,, 0.0360; SO,, 1.2386. 

This analysis indicates that the salts are chiefly a mixture of the 
sulphates of sodium, calcium, and magnesium, and if the results are 

calculated in terms of these salts they show percentages of salts in 
the dry sou as follows: Total solids, 1.774; Na,SO,, 1.0106; CaSO,, 
0.5758; MgSQ,, 0.2078. 
An analysis of 16 samples of this soil made by Prof. Edmund 

Burke, of the Montana Agricultural Experiment Station, m 1912, 
gave the following percentages: Na,SO,, 1.1284; Na,CO,, 0.02848; 
NaCl, 0.01956. These analyses show small amounts of sodium car- 
bonate and sodium chlorid, neither of which was found in the samples 
analyzed in 1913. The samples from which the analyses were made 
in 1912 were taken from a different part of the field and were from 
specially selected ‘‘bad spots.”’ This might account for the differ- 
ences found. 

1 These analyses and the analyses of ground water shown in Table I were made by Mr. J. F. Breazeale, 

of the Bureau of Chemistry, United States Department of Agriculture. 
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GROUND WATER. 

For the purpose of determining the depth of ground water at dif- 
ferent times of the year, four wells have been made on the experi- 
ment tract, and measurements were made biweekly during 1913. 
The results of these measurements are shown in figure 1. The aver- 
age depth to ground water during 1913 was 3.14 feet. This ranged 
from 3.76 feet on March 6 to 2.02 feet on October 2, the most rapid 
rise occurring during the latter part of the irrigation season. 

Fig. 1.—Diagram showing the depth to ground water on the Worden tract during the year 1913. 

Samples of the ground water were taken from each of these wells 
during the season of 1913 from June to November, and nine samples 
from each well have been analyzed. The average results of these 
analyses are given in Table I. 

TaBLeE 1.—Results of analyses of ground water from the Worden tract in 1913, showing 
the percentages of the substances indicated. 

| | | 
| | 

Well No. | Zotat | CaO. | MgO. | Na,O. | COs | HCO: Cl. SO.. 

TE ad | 1.383] 0.0549| 0.0719]  0.437| None.| 0.0277| 0.0136 0.952 
eo wieats fc | 2.899| .0737| 1289] 1.001] None.| 0381]  .0294 1.901 
pepe) 1512 | .0178| -.0521'| 1566 | (00026 .0169| —- 0109 1.027 
1, he | 1.165} 0193] 0268)  :431|  :0096|  :0370| | 0098 788 

Average........ | 1.722| .0414| 0699 | 609 | +0080} |. 0299 | 0159) 1.167 
| 1 1 } 

Table I shows that the water contained an average of 1.722 per 
cent of total salts and that these consisted chiefly of sulphates. This 
amount is equal to 1.07 pounds per cubic foot of water. Analysis of 
the soil showed that it contained an average of 1.77 per cent of total 
salts. Assuming that a cubic foot of the soil weighs 75 pounds and 
that it contained an average of 15 pounds of water, this amount would 
be equal to 1.32 pounds of soluble salts per cubic foot of moist soil, or 
the concentration of salts in the soil water would be about 9 per cent. 
This concentration is about five times as great as that of the ground 
water. 
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BEHAVIOR OF CROPS ON NEWLY CULTIVATED SOIL. 

Crops planted on newly broken land on the farms in this locality 
have been in most cases partial or total failures. Because of the 
refractory nature of the soil, it is generally difficult to secure a good 
stand. Even though a fair stand is secured, the growth of the plants 
is generally very irregular. (See fig.2.) A very stunted growth, and 

Fic. 2.—Rye in field M-I on June 21, 1911, showing the irregular growth characteristic of creps cn the 

unreclaimed soil. 

in some cases no growth at all, occurs on spots that were barren of 
native vegetation before the ground was broken up. 

METHODS OF SOIL TREATMENT. 

Three methods of soil treatment were practiced during 1911 and 
1912, after plowing under the green-manure crop in 1911, on fields 
M-I and M-II, as shown in figure 3. Field M-I is divided into 19 
plats. Plats 1 to 14, inclusive, are one-fourth of an acre and plats 
15 to 19, inclusive, are one-sixth of an acre in size. Field M-IT .con- 

tains 62 acres, not divided into plats. The three methods are described 
as follows: 

First method.—The first method was a continuation of the treatment applied in 1911. 

Rye was planted again in the fall of 1911 and was plowed under as green manure in 

June, 1912. Each season after the rye was plowed under the land was left fallow 

during the summer and given frequent cultivations with the disk and harrow. This 
method was applied on plats 1 to 12, inclusive, on field M-I and to all of field M-II. 

Plats 1, 2, and a part of plat 3 in field M-I were subsoiled in June, 1911. Plats 7, 8, 

and 9 in field M-I were planted to corn in July, 1911, but the growth was very small 

and irregular, and no crop was secured. 
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Second method.—The second method included plowing under rye as green manure 

in 1911, followed during the latter part of 1911 and all of the season of 1912 by frequent 

irrigating and cultivating. In September, 1911, the ground was leveled and bordered 

for irrigating in plats containing about one-sixth of an acre. Each irrigation was fol- 

lowed as soon as possible by cultivation. This treatment was applied on plats 15 and 
16 on field M-I. 

Third method.—The third method was the same as the second, except that barnyard 
manure was applied at the rate of 20 loads per acre in 1911 before plowing under the 
rye, and again in 1912. In 1912 the manure was plowed under in June and the land 

was immediately leveled. Alternate irrigation and cultivation was practiced during 

the remainder of the sea- 

son. This method was 
applied on plats 17, 18, 

and 19 on field M-I. 

All of the plats in- 
cluded in the three 
methods were crop- 
ped in 1913. The 
treatments applied 
in 1913 were simply 
the ordinary opera- 
tions in the prepara- 
tion of the seed bed 
and the subsequent 
irrigation and culti- 
vation necessary in 
growing the different 
crops. 

RESULTS OF EXPERI- 

MENTS. 

FIRST METHOD. 

HUNTLEY EXPERIMENT FARM 
WORDEN TRACT——FIELD M 

Since the soil is 
very deficient in 

vegetable matter, 1t Fic. 3.—Diagram of the Worden tract, showing fields M-I and M-II, 

was thought that the where the experiments discussed in this bulletin were carried on and 
eas indicating the location of the different crops in 1913. 

addition of humus 

by plowing under green-manure crops would be one of the best means 
of opening up the surface soil. This appears to have been the case. 
As mentioned previously, all of the land on this tract that was broken 
up in 1910 was planted to winter rye and the crop plowed under in 
June, 1911. This treatment was repeated in 1912 on part of the 
land. The second rye crop made a much heavier and more uniform 
growth than the crop plowed under in 1911 (fig. 4), and the soil tilth 
appeared to be much improved. 

Effect on the salt content—Total salt determinations were made in 
May, June, July, September, and October, 1913, withsamples taken from 
plats 2,5, 7,9, 11, and 12 in field M-I and from adjacent virgin soil. 
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A summary of these determinations is given in Table Il, which 
shows the average salt content to a depth of 4 feet in 1913. The 
results are expressed in percentage of air-dry soil. 

TasiE I1.—Average total salt content of soil to a depth of 4 feet on plats which had received 
treatment according to the first method and of adjacent virgin soil. 

| i 

a | | Aver- oe s 
aa Num- | Top3 | 3to6 |6to12| age, |12t024| 2 op | 24 t0.36 | 36 to 48 ee ’ , : oa : : , : : ; 

Hoan gs.| inches. | inches. | inches. il inches. |"> pet. inches ches fest 

Cultivated .......... 60 | 0. 23 0.28 0.39| 0.82} 0.85 0.58 1.31 1.29 0.94 
Varpin soil ocass2e 50 65 . 92 1.54 1.16 1.83 1.49 2. 08 1.79 7A 

Difference.....{...---.- 42 64 1.15 84 98 su 17 50 77 

The average difference between the total salt content of the first’4 
reet of cultivated soil and that of virgin soil is shown by Table IT to 

Fra. 4.—Rye in field M-II on June 13,1912. This was the second crop of rye grown on this land and was 

much more uniform than the first crop. 

have been 0.77 per cent. The largest differences occurred in the first 
and second feet. The differences are sufficient to show that the treat- 
ment given the soil has been decidedly beneficial in reducing the salt 
content. 

It was noted that the soil of plat 2 2, which was subsoiled in June, 
i911, contained somewhat less salt in 1913 than the plats which had 
not been subsoiled. The average salt content of the soil of five plats 
which received treatment eordine to the first method and which 
were sampled for total salt determinations in 1913 is given in Table 
ill, together with the average salt content of the soil in plat 2. 
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TasLe II1.—Average total salt content of the soil on five plats not subsorled and on a. 
subsoiled plat, 1913. 

Aver- Jum- - = aon Narot |,TOP3 | 306 |6to12] age, |12t024| Aver |24to.36|36to4s| Aver 
borings. aes inches. | inches. ie inches. 3 feet. inches. | inches. A feet. 

z| . i 

Nos. 5,7, 9, 11, and 12. 50 0.24 0.30 0.44 0.35 0.89 0. 62 1.50 1.48 1.05 
No. 2, subsoiled...--. 10 ~24 22 -25 -24 -33 28 ANC 57h) -53 

Difference.....|....--.- 0 - 08 -19 ast - 06 -34 73 -69 - 52 

The subsoiled plats showed little advantage in yield, however. The 
average yield of winter wheat on two plats subsoiled was at the rate 
of 35 bushels per acre, while the average of seven plats not sub- 

Fig. 5.—Winter wheat in field M-IT on July 14, 1913. In 1911 and 1912 a crop of rye was plowed under 

on this field as green manure, according to the first method. The winter wheat in this field yielded 28.7 

bushels per acre in 1913. 

soiled was 34.7 bushels per acre. Subsoiling is a difficult and expen- 
Sive operation, and it is doubtful whether the differences in salt 
content, as shown above, are of sufficient importance to indicate 
that subsoiling would be profitable. 

Crops grown vn 1918.—Winter wheat, alfalfa, and sugar beets were 
grown on this land in 1913. Ten plats of winter wheat and one plat 
of each of the other crops were planted. At the time of planting 
winter wheat, in September, 1912, the ground was in excellent tilth. 
This crop made a much more uniform growth than the preceding 
crop of rye. (See fig. 5.) The alfalfa and sugar beets were planted 
on May 6, 1913. A good stand of alfalfa was secured and the crop 
was clipped on September 6. The yields of these crops are given in 
Table IV. 

52602°—Bull. 1835—14——2 
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Taste 1V.—Average yields obtained in 19138 from land treated according to the first 
method. 

Yield per acre. 

Field. Crop. Area. Variety ee Bl ie 
i arad Maxi- | Mini- | Aver- 

° mum. | mum. | age. 

Winter wheat. --} 10 quarter-acre | Kharkof ..........]| Bushel..] 41.31 29.4 34. 96 
plats. 

wees) cady C6 LO epee ae 62 BCVOS <a. nec cmc|t ones GOnjcceescn cece r 28.70 
.-| Sugar beets.....| 1quarter-acre plat.| Kleinwanzlebener. 10. 97 
SPASM etsy ete ta reece Go eaceec ae Montana.......-..- bind 22 

While the yields are not high, they are considered very satisfac- 
tory, coming from land which had previously been unproductive. 
They indicate that, so far as the surface soil is concerned, the land 
has been fairly well reclaimed. 

Cost of the method.—A record has been kept of the work done on 
this land from the first plowing in 1910 to the end of the season of 
1912. In order to get an idea of the cost of the treatment, the 
different operations applied to the land have been listed and the cost 
of each has been estimated. The figures are given in Table V. 

TABLE V.—Estimated cost per acre of reclaiming land that received treatment according to 
the first method. 

Year and item of cost. Cost. Total. 

1910. 

regan oe 0.207, acteu pects eee ; one $4. 00° 
Double disking (2 times at $1 each)....... Baad 2. 00 
Harrowing (2 times at 25 cents each)... .- = -50 
TF OViGLIN Ree cae tcc titan teens Boe tee uct : . : aa 215 
DOCG GE Se oa. echoes eae ; ae 50 
SECURE ie elaetir.ccne 4: 7 1.20 

Total for 1910.._.. | SA eetee $8. 95 

1911. | 

Irrigating (once)...-..........0.000- ne site - 40 
Plowing rye under................... 4.00 
Double disking (2 times at $1 each)... eee 2.00 
Harrowing (3 times at 25 cents each). . -- ts ane 2 ai) 
Leveling. .--........... | aD 
Seeding....5...... 4 .50 
CBU Seeras =. hacterce.: Z| 1.20 

Total for 1911... oas8 | eae aentearete 9. 60 

1912, 

Piowing rye under. .............. | 4. 00 
Doubie disking (once)...-............ a 1.00 
Harrowing (3 times at 25 cents each)..._.... ee | Ero) 

MUOtal fore OO Ges ccc, Bee tot ees ONE Cos, sence eS keene eine |e §. 75 

Motalsior'Siyearsce). = sideqees wah ee catersn «eeiemee aes ¥ eos Cee Saree eee | Tee 24. 30 

SECOND METHOD. 

The practice of alternate irrigation and cultivation was not started 
until September, 1911. The season was then so far advanced that 
it was not possible to accomplish much during the remainder of that 
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year. This practice was continued during the season of 1912 from 
May until September, the land being cultivated and irrigated at 
about 10-day intervals. The cultivating was done with a beet 
cultivator equipped with bull-tongue shovels, and the ground was 
leveled with a float before each irrigation. 

Effect on the salt content—Determinations, by means of the elec- 
trolytic bridge, were made of the total salts in the soil on these plats 
during the seasons of 1911, 1912, and 1913. Samples were taken at 
irregular intervals in 1911 and 1912. In 1913 complete sets of 
samples were taken in May, June, July, September, and October. 
In 1911 and 1912 samples of the following layers of soil were taken: 
Top 3 inches, 3 to 6 inches, 6 to 12 inches, 12 to 24 inches, and 24 
to 36 inches. In 1913 samples were taken of the same layers and 
also of the 36 to 48 inch layer. It was found, however, that the salt 
content at 48 inches did not differ materially from that at 36 inches, 
so that only the surface 36 inches of soil are considered in the com- 
parisons here given. Table VI shows the average salt content at 
specified depths in 1911, 1912, and 1913 expressed as percentages 
of air-dry soil. 

TasLe VI.—Average total salt content of soil to a depth of 3 feet on plats which had 
received treatment according to the second method in 1911, 1912, and 1918. 

Wien Number | Top3 3 to 6 6 to12 | Average,| 12 to 24 | Average,} 24 to 36 | Average, 
Can of borings.) inches. inches. inches. |first foot.) inches. | top 2feet.| inches. | top 3 feet. 

Ae) Wb Serena 32 0.31 0.36 0. 54 0. 43 1.30 0. 86 2.07 | 1.26 
aC) Oe aos 36 26 Bee) ol 40 89 64 1.68 99 
i) eee | 40 25 34 60 44 1.01 72 1.75 1.07 

A study of Table VI shows that there was a reduction of 0.27 per 
cent in the average salt content of the upper 3 feet of soil from 1911 
to 1912 and that there was an increase in 1913 over 1912 of 0.08 per 
cent. This increase occurred mainly in the second and third feet 
and accompanied the rise of the ground-water table during 1913. 

In Table VIT the average salt content to a depth of 4 feet in 1913 
on these plats is compared with the average salt content of adjacent 
virgin soil in the same year. The samples were taken in May, June, 
July, September, and October, and the results are expressed in per- 
centages of air-dry soil, 

Taste VII.—Average total salt content of soil to a depth of 4 feet on plats which had 
received treatment according to the second method and of adjacent virgin soil in 1913. 

| Num- Aver- Aver- A Aver- 
1 s Top 3 | 3to6 | 6to12 12 to 24 , 24 to 36 | 36 to 48 
Treatment. Heelies inches. | inches. | inches. pee, first inches. peciaee inches. | inches. pene. 

Second method Stavet\c | 40 0. 25 0.34 0. 60 0. 44 1.01 0. 72 eal ant 45 1.16 
Wargintsoil jos 22. 50 . 65 .92 | 1.54 1.16 1. 83 1.49 2.08 | 1.79 ievAl 

HTerencesca.-|o- c=: la e40 R58) | oan N72) ese ait -33|  .34 [ras 
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Table VII shows that there was in the first 4 feet an average differ- 
ence of 0.55 per cent between the salt content of the cultivated soil 
and that of the virgin soil and that the largest differences were found 
in the first and second feet. 

Crops grown in 19158.—In 1913 alfalfa and oats were planted on 
this ground, one plat to each crop. The oats yielded at the rate of 
51.6 bushels per acre. (See fig. 6.) A good stand of alfalfa was 

secured, and this crop was clipped once, yielding at the rate of 360 
pounds per acre. The success of the alfalfa planting will of course 

Fig. 6.—Oats on plat 16, in field M-I, on July 14,1913. This plat received treatment according to the 

second method. In 1913 oats yielded at the rate of 51.56 bushels per acre. 

not be known until the crop is older and the plants deeper rooted, 
but the fact that a good stand has been secured is an encouraging 
indication. 

Cost of the method—The operations applied im the second method 
during 1910, 1911, and 1912 are listed in Table VIII, together with 

the approximate cost per acre of each operation and the total approxi- 
mate cost per acre for each year and for all three years. 

TaBLe VIII.—Approximate cost per acre of reclaiming lands by the second method. 

Year and item of cost. |e Cost: Total. 

1910. 

PS TRENT ic renee staid cscs halcl 2S ee eve ge eS are ee | #4. 00 
Double disking (2 times at $1 each) | 2.00 
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TABLE VIII.—A pproximate cost per acre of reclaiming lands by the second method—Con 

Year and item of cost. Cost. Total. 

1911 

Hiri Ca bIN eA OUCOWISDFING) pases Ae er soat jo hicen sees oe nie 2 Seieie eiinloc maf alse $0. 40 
TO Wid PALEY ClUITIG Clee enters sence a aoe ke eee thats open in apate a ialeipinatn canny Naim epee 4.00 
Gradingganldybord ering pPlatsosn - caeeac cee ease. orto cce nee See ee cmaas oe ore Se nieae 4.00 
irriea mapa (Aiuimmes ab Olcentsieach)) jae asa seeie = = a ee ae ee eee eee seni winiciee 1.60 
Cultivating and leveling (4 times at $1.50 each)......_......-..-..------------------- 6. 00 

baal tore Cie eee Aa Ea Cees ots Bo Et < COMM eSEIAG Sa Cee Ree ene emetic Meine Ieee ae $16. 00 

1912. 

Cultivatinggandyleyeling(8itimes at $150) 92 es eee cee eee esse esse 12.00 
AOI Pa Noa (Sil eS! a brA0| COMES) sas aise eels imisteealalela. < HeNetce ah Sta cre il s\a ots ainte sare) avel= ya ieo/ | 3. 20 

IROTANOT pL OU Zone ye See ee SE SSRN Y so. Sarto AE Pee ea. Oe eels sek one 15. 20 

NODA SOT Sey CALS ae ae ye eee eon =) permet: Melee ed ON el eiieiate ores hota sea a leteleeeicla clas 40.15 

THIRD METHOD. 

In the third method the same treatment as that described in the 
second method, that of alternate irrigating and cultivating, was ap- 
plied, and, in addition to this, manure was applied before plowing 
rye under at the rate of 20 loads per acre in 1911 and again in 1912. 
During the summer of 1912 the land was irrigated and cultivated at 
about 10-day intervals. 

Effect on the salt content.—Determinations of the total salt content 
in the soil on these plats were made during 1911, 1912, and 1913. 

In 1911 and 1912 samples of the following layers of soil were taken 
at irregular intervals and at depths as follows: Top 3 inches, 3 to 6 
inches, 6 to 12 inches, 12 to 24 inches, and 24 to 36 inches. In 1913 

complete sets of samples were taken in May, June, July, September, 
and October. The 1913 samples were taken to a depth of 48 inches, 
but it was found that the salt content at this depth was practically - 
the same as that at 36 inches, so that only the surface 36 inches are 

considered in Table IX, in which the average salt content at the 
specified depths in 1911, 1912, and 1913 are given, the results being 
expressed as percentages of the air-dry soil. 

TasLe [X.—Average total salt content of soil to a depth of 3 feet on plats which had 
recewed treatment according to the third method wn 1911, 1912, and 1918. 

6to 12 | Average,| 12 to 24 | Average,| 24 to 36 | Average, SiGe: Number} Top3 | 3to6 
*  jofborings.| inches. | inches. | inches. | first foot.| inches. | top2feet.| inches. | top 3 feet. 

| E 
| 

UOT ee 28 0.34 0. 43 0.59 0.48 1.28 0. 88 2.28 1.35 
1912 36 24 - 28 -36 «ol - 68 -49 1.21 .73 
I) Bye eae 60 | 25 -29 . 43 .35 - 74 ~04 1.37 - 82 

The reduction of the average salt content in the upper 3 feet of soil 
on these plats from 1911 to 1912 was 0.62 per cent. There was a 
slight increase in 1913 over 1912. This increase occurred mainly in 
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the lower depths and accompanied the rise of ground water during 
the season of 1913. 

In Table X the average salt content to a depth of 4 feet in 1913 on 
these plats is compared with the average salt content of the virgin 
soil of adjacent plats in the same year. The samples were taken in 
May, June, July, September, and October, and the results are 
expressed in percentages of air-dry soil. 

TABLE X.—Average total salt content of soil to a depth of 4 feet on cultivated plats com- 
pared with adjacent virgin soil in 1913. 

| 
Aver- 

Num- Aver- Aver- 
Top3 | 3to6 |6tol2| age, |12to24| ~~ 24 to 36 | 36 to 48 

Treatment. tie os inches. | inches. | inches.| first | inches. ane He P| inches. | inches. Cea 
gs. foot. et 

Cultivated 322.322: 60 0.25 0. 29 0. 43 0.35 0. 74 0. 54 1.37 1.59 1.01 
Wireieseee Sos 50 s 00 . 92 1254 1.16 1.83 1.49 2.08 19, aval 

Difference.....|......-- . 40 . 63 141 .8l 1.09 95 By Al - 20 -70 

As shown by Table X, there was a difference of 0.70 per cent 
between the total salt content of the cultivated soil and that of the 
virgin soil. The greatest differences were found in the first and 
second feet. 

Crops grown in 1913.—The crops grown on this land in 1913 were 
spring wheat, sugar beets, and oats, one plat being planted to each 
crop. The yields secured are given in Table XI. 

TaBLE XI.— Yield of crops grown in 1913 on land treated according to the third method. 

Crop. Variety. Unit of yield. Rell 

ees eee rLee pe 
* Spring wheat....... Pringles) Gham plomsessesse2..seseeesseee eee ees Bushel......-- 36. 00 
Sugar beets.....-.-- Rlemwanzlebeners.. 2-2 essence er eee Sane s Sees Mon: = cess 7. 86 
Oatsi2escee accsseas Swedish Select. 22.2.4 de cesmiose ns tee ogases ceeeeas Bushelecceceeae 68. 87 

Cost of the method.—The operations applied in the third method 
during 1910, 1911, and 1912, together with the approximate cost per 
acre of each operation and the total approximate cost per acre each 
year and for all three years, are shown in Table XIT. 

TaBLE XII.—Approximate cost per acre of reclaiming land on the Worden tract by 
the third method. 

Year and item of cost. Cost. Total. 

1910. 

FESS EUGUT A Dhar Seeste es Shen, Pere! 8p nse | aE eee So ee a eee $4.00 
Doublediskinai(.timest ati Sl each) 2.225! e.2 ko eee | c aeeee, 2 ee ese ee tee 2.00 
Harrowing (2-times,, at‘ 25:Cents each) 3.2822... 2c Sat eee ene seen seo ees cee - 50 
E731 3\ Pakage aa ae ard Se pened Os eel eres Pon Uy A Gener tet an Ae eke Ae Ure ety ere eet ee Geena Bi) 
ESET Ta i Wee ee ec et NN Oe RE RCei eerie LL Ie er em “LR ee Tn Lt ee der SP ES - 50 
SS OCC iegeee sro circus 2 ers ore eleera aia ic eatbe oe eens c/n hace ae At a Be ce el os Ne eB re | 1.20 

WG ta fore) OLO wa. 2a ae a woe erate ec eee ee eee ve aR ea | Bea eee. $8. 95 
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Tasie XII.—Approzimate cost per acre of reclaiming land on the Worden tract by the 
third method—Continued. 

| 

Year and item of cost. Cost. | Total: 

1911 

InTBepHbAYS (OAV) i ie) aah) Ae eae oon Cee oe be oe ae NATO BOE e aNeeo aa see e seme seer $0. 40 | 
Manuniney(20Noadsatio0icentsia load) oo. (eek is. bese ee eed bene e ec cine 6 10. 00 
lO WAI PS HY OLUITIC OL Se eeye ein taciocie = sle sncecsmctiemia + oem bc awecs cet sais tee ule tseece 4.00 
GradingandsporderingplatS 7. secs sce ee eos bs Beemer Sele see bees eaeleeice 4.00 
imrarine(2iames iat 40)centsieach).. 022 --).5 5222-2 jee es ee geese fee ete oe oie 80 
Cultivatine‘andleveling:(3' times; at $1.50) 2.522... 4 2es. 2b bee ee eee 4.50 

APO EDH Tae THOU eR Te te a eRe RE ON eae ee AE Oe a aed Da | $23.70 

1312 

Manuninoeg(20Noads,.ato0\cents a load): 22 oh. 22:22 REMEe ee eh eee ee eee 10. 00 
EXTOL OM renee nee cee deMee Scie 4.00 
Double disking. - 1.00 
Harrowing.....-- m25 
TES RSME 8 UG Ee ye AS a a aR 75 
Trrigating (6 times, at 40 cents) 2.40 
Cultivatingiandileveling\(6 times; ati $l50)) 228202. 2 2eee test tel st el hse e ee 9.00 

Traian Pare TUDT cL i RR i! Ca st Ae eS se eaia | 27.30 

INO IW? @ VCR MSe SS SS cee aqoeseas Sosno ss GeoaeEer = SE seaboraseSCeeressoseaseaare eee tse 59. 95 
{ 

COMPARISON OF THE THREE METHODS. 

Effect on salt content.—In comparing the efficiency of the different 
methods of reclaiming this land, the effect on the amount of total 

Fic. 7.—Diagram showing the average total salt content of the soil at six depths in 1913 on plats which 

had received treatment according to the first, second, and third methods, respectively, and of adjacent 
virgin soil. 

salts contained in the surface 4 feet of soil will be considered first, 

Table XIII gives the average salt content to a depth of 4 feet in 1913, 
and figure 7 shows graphically the same results. These samples were 
taken on May 2, June 5, July 16, September 3, and October 23, 4-foot 
borings being made on each date. 

i 

} 
| 
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TasLe XIII.—Average total salt content of soil to a depth of 4 feet on plats which had 
received treatment according to the first, second, and third methods, respectively, and of 
adjacent virgin soil, in 1913. 

| 
| Method. | 

= Virgin 
eon | soil. 

First. Second. | Third. 

Nim Der Of HOLMES. .22 52: foescuts se ceee anceseeete 3L Bs: rere | 60 | 40 | 60 50 

Layer of soil: 
TP OpIB MN CHES 22% fa :aisa aamewesist gn nananee ae ae eee te as ey 0. 23 0. 25 0. 25 0.65 
BO GUN CHES 22 ois nossa Soe eeisasiesinak= sens poe Pee aneee | . 28 . 34 | .29 .92 
G10 12 Chosen Sc scones ace nike bee eseey-a:5's eee Seer | 39 60 43 1.54 

Average, first foot........-. FE ELD aN Sr eee #32 . 44 | 35 | 1.16 

12 to 24 inches............0.202ee0eeeeeee eee as. are 85 1.01 | 74 1.83 
AVeraze; TOP 2 f0eb i522 atseceseees seme este ecwes -58 72 54 1.49 

D4 TO BO AM CHOS ss: a ce esissino secisincaisias se se Sige oe ates 1.31 1.75 1.37 2.08 
AVerage, tOp 3: 100b 2s sccc ccs tees sesee ceases osc cce 83 1.07 . 82 1.69 

BOLO SRAM CHOS Sara cranes Reema seem Aa eeeiere oon ele 1.29 1.45 1.59 1.79 
Average, top 4 feeb esciss sccc2-ssce cise ecesoheoscewsates 94 1.16 1.01 1.71 

From Table XIII and figure 7, it appears that the first method, that 
of plowing under rye as green manure and keeping the soil clean culti- 
vated after plowing, has been the most effective in reducing the salt 
content of the upper 4 feet of soil. It appears also that the third 
method, alternate irrigating and cultivating combined with heavy 
applications of barnyard manure, has been second in effectiveness. 
This is assuming that the amount of salts was the same on all parts of 
the field before the ground was broken up in 1910., No determina- 
tions were made of the salt content before the ground was broken up. 

Crops grown in 1913.—It is not possible to make direct comparisons 
of the crop returns secured in 1913 on the plats which had received 
different treatments in previous years. As already shown, the plats 
receiving the treatments according to the first method produced very 
satisfactory results with winter wheat, sugar beets, and alfalfa; those 
treated by the second method produced fair returns from oats and 
alfalfa; and the plats treated in accordance with the third method 
produced spring wheat and oats satisfactorily and a fair yield of 
sugar beets. The chief point to be considered in connection with the 
crop returns in 1913 is that the behavior of all the crops grown indi- 
cated that the soil on all the plats which have received treatment has 
been greatly benefited, and that so far as the surface soil is concerned 
the treated land has been fairly well reclaimed. Whether the recla- 
mation is to be permanent will depend on future conditions, of which 
drainage is probably the most important. 

Cost.—A comparison of the approximate cost per acre of the differ- 
ent methods is given in Table XIV. 
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TaBLe XIV.—Approrimate cost per acre of reclaiming land according to the first, second, 
and third methods, respectively. 

Method. 

Year and item of cost. 

| First. Second.) Third. 

1910. 

STS aictal Cpe ees aire an eifacs ole states Magers Stel -'a S/S ees a sical a (ee At sasins oe Sas = $4.00 | $4.00 $4.00 
MOLpleMISkIN PR (OsLIMeS TALS) ote 2 ee ke ears od 2 cee. ot eee ee as 2.00 | 2.00 | 2.00 
EFATEO WAH CaOLIIMeS ab Zo CES) unas tees sesh a cole) lemme see eee eae sa eee se 50 | 50 50 
GNC LTTI OM ena Sa a Nea tanaya lalate sie sista) scllele Seas Nee Bee eee aoa ne yale sissies 75 | .75 75 
STUN. ocean C Hebe coe SESS See Hose AE SEA ABER EEE AeReR cee taba ares ta Aarem eae 50 - 50 50 

cogodn nese ulsseedee see e ence beaE Saree pes BESeBeHec oF Heep pee sense ebanesseeae 1.20 | 1.20 | 1. 20 
| 

MO FAUOT ELON Os re ae elie ole clare zeit arses ini = 2S 2 En 2S ye cial a acetic te Ae 8.95} 8.95 8.95 

1911 

irrigalime (ONCE; IN) SPrINg)) 2.5222. .25222e seca - Bee en rs ie Oe ree 
Manuring (20 loads, at 50 cents a load) ...-.---..---- es 
IPlowANe ny eunder 225.222 ebook 
Doubledisking (2 times, at $1) ...-..---..----------- 
Wevelingvandi pondering 0. an sneer a ates os 
Harrowing (3 times, at 25 cents) ....-..-.--.--------- 
Irrigating (at 40 cents each time).....-..--.------ ioe 
Cultivating and leveling (at $1.50 each time) 
SNe tl oie ees ee pe ee oe nacd nim ies om clet hens oro is) ieee SIE le ayaemra inte abe 
(SECUTOD. bee o AAS SESE SAP ae ENE ee aP esate, 25-bit 
Seed! 45... posaoedescpeeda deeb ee aaeaneene UE eae ok pepo ness Soeuls lea aE Po oeEaae= 

At rai aeell) spe TASTE se Ie Ser a ae ne ae Na a Es eee re aT 

1912. | 

Mantiranea(20nloads}a tio0. cents aload)) ip 22222. 1. eee ee Se Pek eee ee Sue | Beesrsesrsi 10. 00 
IPTON MINS = onc cena pSOSE DES Se SUP SS AEE CEB See 56 BeaBAeRe soe 4 e ne Sp eeoeee ner adac 45 00)||Bescecee 4.00 
Doublediskins ys 20 276 /t i) nuniodadagdiecdap daaWneann sanee ended Sane Gapeeaeeroe 100) eee | 1.00 
amon ceniseach time) 2202. 25-22-20 ye Yaee ete a et uk SCOp |e sere - 25 
Weve li ee eee eeelac eae a= = sueeelonentneas steep ee ane sane corse mene abn aameat (Saducete seaneese 75 
irnipamnel(ai,Apjcenisieach’ time)... 22-27. 222 ke ee se ee ele ES eaaee 3.20 2.40 
Ciltivarmevand leveling (at $la0\each! time). 2)... 222s. 525222 222522222 se ee lt eae 12.00 9.00 

“ryt Troe SUSU hie a a a ena eh i a A 5.75 | 15.20| 27.30 

PUG LA ISO TL SRV CALS mer ee ey eee toe sl oe epee reek eye els ae | 24.30 | 40.15 59. 95 

It is shown in Table XIV that the first method was by far the least 
expensive of the three; that the second method, which involved a 
large amount of work in irrigating and cultivating, was next higher in 
cost; and that the third method, which differed from the second mainly 
in that it included an item of $20 per acre for manuring, was the most 
expensive of all. 

SUMMARY. 

(1) The surface soil on an area of approximately 7,000 acres, or 
about one-fourth of the Huntley project, is a heavy, impervious clay, 
containing alkali salts in amounts that are not tolerated by most crop 
plants. The total salt content of the virgin soil to a depth of 4 feet 
on the experiment tract averages about 1.7 per cent and consists 
principally of the sulphates of sodium, calcium, and magnesium. 

(2) Underlying the surface soil at depths ranging from 5 to 8 feet 
is a stratum of sand and gravel. 

(3) Durmg 1912 and 1913 ground water has accumulated in the 
soul, and the ground-water level on the experiment tract has risen to 

| 
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within 2 to 3 feet of the surface. This ground water contains about 
1.7 per cent of salts in solution. 

(4) The reclamation of the land depends on the opening up of the 
surface soil, so as to make possible the leaching out of the salts by the 
application of water, and on the drainage of the land to lower perma- 
nently the ground-water level. 

(5) Experiments to determine a satisfactory method of opening up 
the surface soil and leaching out the salts have been conducted since 
1910. Three methods have been tried: 

1. Green manuring with rye, followed by the cultivation necessary to maintain a 
soil mulch. 

2. Green manuring with rye in 1911, followed by frequent irrigation and cultivation 

in 1911 and throughout the season of 1912. 

3. Green manuring with rye in 1911 and barnyard manuring in 1911 and 1912, 

combined with frequent irrigation and cultivation in 1911 and 1912. 

(6) All three methods have been decidedly beneficial. The greatest 

reduction in the salt content resulted from the,first method, the next 
greatest from the third method, and the least from the second method. 

(7) In 1913 satisfactory crops of wheat, oats, beets, and alfalfa were 
produced on land which had received treatment, indicating that in so 
far as the surface soil is concerned the land has been fairly well 
reclaimed. Whether the reclamation is to be permanent will depend 
on future conditions, of which drainage is probably the most impor- 
tant. 

(8) The cost of the first method was $24.30 per acre, that of the sec- 
ond method $40.15 per acre, and that of the third method $59.95 
per acre. 

(9) Considering both effectiveness and cost, the first method ap- 

pears to be the best of the three. 

PRACTICAL SUGGESTIONS. 

Cultural directions for green manuring with rye.—Rye may be 
planted on this soil immediately after breaking, as was done on this 
tract in 1910, although it is generally difficult at first to obtain a good 
seed bed. It is likely that breaking earlier in the season—in June or 
July—and keeping the ground thoroughly cultivated with the disk and 
harrow after rains, would leave it in better condition at seeding time. 
In any case it is necessary to work the soil thoroughly with the disk 
and harrow before seeding. To insure a good stand it is advisable to 
seed rather heavily. From 14 to 2 bushels of seed to the acre should 
be used. Seeding should be done, if possible, in early September, 
although it might be possible to secure a good stand by planting as 
late as October. The effect of time of seeding depends very much on 
the season. 
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In ordinary seasons irrigation will probably not be necessary. If 
practiced at all, it should be done so early that the ground will not be 
too wet for plowing at the time the crop isready to plow under. To 
obtain the maximum amount of growth, plowing should be deferred 
until the rye is well headed, but the land should be plowed before the 
grain has begun to fill. Fairly deep plowing—from 7 to 10 inches — 
is necessary in order to cover the green-manure crop thoroughly. In 
plowing the crop under, a chain or rod attached to the plowbeam 
ahead of the plow will turn all of the rye into the furrow, so that it 
will be well covered. After plowing, it is advisable to disk and har- 
row the ground thoroughly. Cultivation during the summer after 
every rain of any consequence is necessary in order to prevent crusting 
and to keep the soil in good tilth. 

Requirements for permanent reclamation.—Before any permanent 
benefit can be expected from any method of soil treatment it will be 
necessary that adequate drainage be provided in all cases where the 
water table has risen to within 3 or 4 feet of the surface. Where 
drainage systems have been installed, irrigation by means of the bor- 
dered plat system to promote leaching, together with frequent culti- 
vation, should also prove effective in washing out the alkali salts. 
The time required for reclaiming these lands will depend upon the 

amount of salts in the soil and the condition of the soil. It seems 
likely, from the results so far obtained, that treatments covering from 
one to three years will be necessary before satisfactory crop returns 
can be expected. 
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INTRODUCTION. 

The practice of issuing bonds for highway and bridge construction 
by counties and their subdivisions has become common. In 1,230 
counties, or 41.1 per cent of all the counties in this country, there were 

outstanding highway bonds on January 1, 1914. The total amount 
of such bonds voted,' as ascertained by the Office of Public Roads up 
to that date, was $286,557,073, of which township bonds alone 
amounted to $57,153,718. The amount of outstanding local highway 

bonds on January 1, 1913, was approximately $202,007,776. This 
amount was increased during the year 1913 by current issues noted 

_ below, but was also slightly decreased by maturing payments. 
The county highway bond is essentially a municipal bond; that is, a 

bond issued by a public corporation. Statistics indicate that all 
municipal bonds constitute about 20 per cent of the total of all bonds 
issued, while Government bonds are about 10 per cent. Municipal 
bonds are regarded as excellent investments and are frequently used 
by banks as a second reserve. The amount of highway bonds issued 
is indicated by comparison with the $79,741,688 of irrigation and 
drainage bonds authorized in the interval from 1907 to 1912, inclusive. 

'“Voted”’ is almost equivalent to “issued,” except in State highway bonds. The difference between 

bonds voted and bonds sold in 1912 was a little over 3 per cent. 

5) 
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The progress of the local highway-bond movement is further indi- 
cated by the diagram of first issues for the interval 1900-1913. 
Dates of first issues were reported, however, for only 579 counties. 
First issues for 1912 and 1913 are practically complete. (PI. I, fig. 1.) 

During the past three years county, district, and township highway 
and bridge bonds were voted as follows: 1911, $29,200,022; 1912, 
$32,022,703; 1913, $50,445,756; making a total of $111,668,481. 

There have also been voted State highway bonds which now total 
$158,590,000.1. The grand total of all highway bonds voted and 
reported to the Office of Public Roads to January 1, 1914, is, there- 
fore, $445,147,073. 

There is given in Appendix A of this publication a list of all the 
State highway bonds with their dates of issue, terms, and nominal 
interest rates, together with other pertinent information concerning 
the issues. 

In Appendix B are given three lists of local highway and bridge 
bonds. First there is a list of county and district highway and bridge 
bonds voted to January 1, 1914, with their terms and interest rates 
where reported. A similar table of township bonds is next presented. 
In aseparate table is a list, by counties, districts, and townships in the 

several States, of highway and bridge bonds reported voted during 
each of the years 1912 and 1913. 

The approximate distribution of local highway bonds is shown in the 
map, Plate IT, by counties. State highway bonds are not included. 

In collecting data for this publication the Office of Public Roads 
corresponded directly with county and township officials and the 
tables of bonds were submitted to State highway officials and other 
State officials for corrections and additions. Many county officials 
failed to state the term of the highway bond issues; it was found, 

however, that the mean term for approximately $47,000,000 issued 
prior to 1913 was 24.8 years. For the years 1912 and 1913, the term 
of issue, the number of issues, and the total amount issued by munici- 
palities with complete reports are presented in the following table: 

TaBLE 1.—Bond issues during 1912 and 1913 in counties, districts, and townships, with 
complete returns. 

| 

Total number Terms of Total amounts 
of issues. issues. | of issues. 

De VORTeeca 2. acs. $442,175 
100 LO-year: 2s. 2a2-% 5, 165, 383 
18; 4) Lbsyear.scetese: 1, 266, 500 
68 | 20-year.......... 8, 906, 538 
31 BD-VOAM <52.c.c sae 5, 518, 150 
45 | 30-year....--.--- 7,399, 000 

129 Serials.......... 15, 300, 819 
AT Above 30-year... 7,170, 971 
47 | Other term....-. 1,816, 541 

1 Including $3,415,000 issued by Connecticut, Massachusetts, and New Hampshire in 1913. Massachusetts 

authorized, in 1912, $5,000,000 to be issued during the years 1913 to 1917, inclusive, which is part of the total 

given. New York’s second $50,000,000 will probably not be entirely issued for several years, 
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These figures represent 61.2 per cent of all the counties, townships, 
and districts reporting bond issues during 1912 and 1913. 

The reports on the mileage of road constructed from the proceeds 
of local bond issues are very incomplete and in many instances con- 
tradictory. After eliminating all reports which were obviously 
incorrect or defective, a list of counties and districts giving complete 
returns of classified mileage of roads constructed has been made. A 
similar list for township work has also been made. These two lists 
are presented in Appendix B. It is quite probable that omissions in 
reports from counties and their subdivisions concerning mileage 
built are due in part to the frequent changing of local officials. 

It will be seen from the diagram of first issues (Pl. I, fig. 1) and 

from the fact that probably over 80 per cent of local bonds for high- 
ways and bridges are still outstanding (see p. 3), that the highway 
bond movement has vet to meet the test of repayment. The maxi- 
mum outlay for retirement of outstanding highway loans will appar- 
ently be reached in about 20 years. 

If highway bond issues are to continue successfully, certain fun- 
damental principles require attention. They are, therefore, discussed 
briefly in this publication. Necessary information is presented in 
considerable detail with illustrations and tables to guide highway 
officials in borrowing and expending highway funds. 

COUNTY HIGHWAYS. 

The highways of a county may usually be classified into main 
market roads, intercounty roads, and neighborhood roads. A rela- 
tively large percentage of the total mileage—more than 80 per cent in 
many counties—may be classed as neighborhood roads, which are 
either feeders to market roads or crossroads of relatively small impor- 
tance. The intercounty roads are usually in part also main market 
roads. The market roads are, therefore, the roads for which the 

question of borrowing money frequently arises. The total mileage cf 
main market roads varies greatly from county to county, but usually 
does not exceed 150 miles. 

The distribution and individual lengths of market roads is of much 
importance to the highway engineer, who must plan for improve- 
ments. Rules can not be laid down which will apply universally for 
the selection of such roads. The area served by a given market 
road depends upon the length of the road and the form of the road 
network, which, in turn, is largely governed by topography and the 
situation of shipping points. In regions where the public land 
survey system prevails the roads very generally follow the section 
lines and radial roads are not common. 

Tt is usual to find from four to eight main market roads radiating 
from market centers. The average number of such roads of consid- 
erable length is about six for each shipping point. The traffic on 

ee 
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radial roads will tend to vary inversely with their number. Plates 
IV, VI, and IX show the distribution of the main market roads in 
three counties. 

ECONOMIC VALUE OF THE MARKET ROAD. 

The service rendered by highways radiating from a town may be 
measured directly by the tonnage which is hauled over them; and 
their economic importance is indicated by this tonnage and varies 
directly with it. There are two ways of computing the tonnage of 
traffic on a road: (a) By actual count, and (b) by determining traffic 

areas supplemented with producers’ and merchants’ estimates of 
tonnage. 

The actual count of traffic determines the average number of teams 
hauling produce each day, their loads, and the average distance 

traveled. From the count on a sufficient number of days a close 
estimate of the average annual traffic may be had. 

TABLE 2.—Traffic record of seven unimproved roads. 

ee 
meaiee chants’ Reported 

Road ; Leneth Tons per - eee? Equiva- | and pro-| Traffic costs 
Mo Location. alanis day, each (n cai et lent annual) ducers’ area (cents 

3 a area. mile) ’| ton-miles. | estimates) (acres). | per ton- 
: | (ton- mile). 

miles). 

1 | Lauderdale County, 
Bales (2) sete e ee eeee 28.3 58 10 367, 894 228,046 | 154, 432 16.0 

2 | Booneand Story Coun- 
ties, Iowa (16)..-..-.-- 45.1 10 2 162, 342 105, 662 1135521 37.2 

3 | Cumberland and Sa- 
gadahoc Counties, | | 
Me: (8) seecaas.semae 32. 1 18 4 PA fee: Ne ee ere 38, 182 23.6 

4 | Leflore County, Miss. | 
Oi) lejos onan eine 24.1 33 vf 197,386 | 90,628 | 60,736 36.2 

5 | Montgomery County, | 
IMS lb) Sevan o elesese 5.4 21 2 14,044 5,892 | 12,531 26.0 

6 | Muskingum County, 
(Oiiuton())aen oe 20.9 28 6 111,026 | 132,711 41, 952 28.0 

7 | Jackson County, Oreg. 
(AN eee ates ee” | 50.5 11 4 51,810 | 32,170} 73,881 36.6 

| 

Totals and aver- 
BPOS aes ces as 206. 4 26 5 LAST 058 |b cesccs-- 495, 235 29.1 

1 Numbers in parentheses indicate the number of traffic areas. 

From a map, supplemented by field observations, the traffic area 
served by a highway may be determined. This is the area on 
which originates market produce and for which supplies must be 
hauled from market. Inawheat country, for example, the average 
annual wheat acreage tributary to a highway will determine approxi- 
mately the principal market traffic. Even a rough estimate of the 
traffic area is valuable for determining the relative importance of 
highways and indicates the order in which their improvement should 
be undertaken. It is also an excellent check on traffic count. 
Traffic data for a number of roads recently investigated by the 
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Office of Public Roads are given in Table 2. Actual traffic count 
was made four times for seven consecutive days on all the roads. 
The traffic areas, traffic estimates, and the hauling-cost data were 
determined in the field. The weight derived from loaded teams and 
motor trucks only is entered in this table, and the ton-mile hauling 
costs include a slight increment for loading and unloading. 
Highway improvement with borrowed money must be regarded as 

an investment. The only way, however, that a measurable income 
arises from the investment is by the reduction of hauling costs. 
From the standpoint of public economy the annual cost of hauling 
represents the operating expenses of the road system. The direct 
return upon the highway investment, then, is the reduction in oper- 
ating expenses. This difference between the old hauling costs and 
the hauling costs over the improved roads is a real saving to the 
community. In the language of railroad bookkeeping, this differ- 
ence is an operating income to the community. It is invariably 
true that the improvement of market roads is followed by an 
increase in annual tonnage, so that estimates based on the existing 
tonnage are usually conservative. Doubtless much more money 
can be spent for well-planned and well-built roads without over- 
capitalizing them. 

The unit in which hauling costs are measured is the ton-mile. The 
cost of hauling a ton 1 mile on a poor road probably varies on an 
average from 20 to 35 cents. (See Table 2.) It depends on the con- 

dition of the road and changes greatly during the year. Recent 
figures for hauling over unimproved roads in the mountain regions 

of West Virginia and Kentucky also show seven instances where the 
cost per ton-mile varied from 23 to 37 cents. Ton-mile costs as low 
as 10 cents are common in Europe on first-class highways. Even 
with the extreme variations of wages it is doubtful if the cost per 
ton-mile anywhere in this country on an adequately improved road 
exceeds 15 cents. Cross ties were hauled over improved gravel 
roads in Spotsylvania County, Va., in April, 1913, for about 12.7 

cents and less per ton-mile, and apples were hauled by motor trucks 
on good roads in Jackson County, Oreg., in October, 1913, for a little 

more than 11 cents a ton-mile. 

To understand how many tons a highway can carry in a year, 
assume a market town from which radiate six roads uniformly dis- 
tributed and 12 miles long. There is then a circular traffic area of 
12 miles radius and each road serves theoretically one-sixth of this 
area, which is 75.4 square miles. The average haul for each separate 
road is about 8 miles. (See p. 8.) If each acre tributary to this 
road supplies only 200 pounds of produce, which must move to 
market an average distance of 8 miles, the road carries an annual 
traffic of at least 38,605 ton-miles. Another way to view this traffic 

PGE ON LE 

a nee NE 
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is to divide the total number of tons by the number of hauling days, 
which is usually taken at 300. With an acreage yield of 200 pounds 
there result 16 tons per day which may be assumed to move an 
average distance of 8 miles. This would make a total of 128 ton- 
miles daily. The daily average weight over the entire road is there- 
fore about 10.7 tons. The tonnage hauled is the most direct and 

reliable basis from which to determine the economic value of a road. 
(See Table 2.) 

It is common to find that when a poor market road is improved 
the cost of hauling is reduced by from 2 to 10 cents per ton-mile. The 
saving to the community during a year can then be readily computed 
for each mile. (See Pl. III, fig. 2.) 

Table 3 shows the annual saving per mile and the capitalized 
amount of this annual saving at 5 per cent interest for daily traffic 
varying from 5 to 80 tons, - 

TaBLE 3.—Annual saving per mile in hauling costs at 5 cents per-ton-mile reduction. 

Total aang Total ve 
Tons per | saved in Fieve a Tons per | saved in vibed 

day. year of | 5 147 Carte day. year of |. 14 ae t 
300 days. | ° P : 300 days: | 2 2eF Cent: 

5 $75 $1, 500 45 $675 $13, 500 
10 150 3, 000 50 750 15, 000 
15 225 4, 500 55 825 16, 500 
20 300 6, 000 60 900 18, 000 
25 375 7, 500 65 975 19, 500 
30 450 9, 000 70 1, 050 21, 000 
35 525 10, 500 75 1, 125 22, 500 
40 600 12, 000 80 1, 200 24, 000 

If the roads do not radiate uniformly from a town it is evident 
that in a uniformly producing area the traffic lost to one road must 
go over some adjoining road. However produce is distributed along 
the road, in general, the portion of the road nearer the market will 
receive much more use than the distant portion. The first few miles 
of radial road from a town are also much used by vehicles other 
than market vehicles. 

Although a very important matter, the average haul on a market 
road-is somewhat difficult to determine. It may be estimated from 
the maximum haul or the known radius of the traffic area,t and may 
usually be assumed to be two-thirds of the average maximum haul. 

To show further the service which market roads render to a com- 
munity, there is given in Table 4 the yearly and daily tonnage pass- 

1JTn Bulletin No. 49 of the Bureau of Statistics of the U. S. Department of Agriculture, entitled “Cost 

of Hauling Crops from the Farms to Shipping Points,’’ the average haul is assumed to be the radius of 

the circle whose area is one-half the area of a circle whose radius is the maximum haul. The average haul 

is then about seventy-one hundredths of the maximum haul. If all produce on a traffic area of one-sixth 

of a complete circle were hauled directly from the point where it originates to the market at the center, 

the resulting average haul would be sixty-seven hundredths of the maximum haul, which is the radius of 

the sector. If all produce were first concentrated on the middle radius of the sector, the average haul 

resulting would be sixty-four hundredths of the radius. 
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ing over six market roads assumed uniformly distributed about a 
market center and extending from 1 to 15 miles through a territory 
each acre of which yields the same weight of market products. 

TaBLe 4.—Theoretical average tonnage on each of six uniformly distributed market roads. 

Uniform yield per acre of— 

One-tenth ton. One-fourth ton. One-half ton. 

Maxi-| Aver- 
mum | age Tons hauled Tons hauled Tons hauled 
haul. | haul. per day. per day. per day. 

Total Total Total 
tons per tons per tons per 
year. Over | Over year. Over | Over year. Over Over 

first | eighth first | eighth first eighth 
mile mile. mile. | mile. mile. mile. 

1 0. 66 33.5 ONO 7 |e eins 2 88.8 (ORE Sep ee ee 167.5 OLS 4 eee aoa: 
2 1.32 134.0 AOU eee ees 335. 9 SOO oaaras 670. 0 PON I eee ies 
3 2. 00 301.6 #96) j|Eo aaa oe 754. 0 PCADY Ne iets 1, 508. 0 CCU beesooeee 
4 2. 67 536. 2 SL yA cea ee 1,340.5 AE SG USL Ne. 2,681.0 oe eal mae macase 
5 3. 33 837.8 PASTS eee ame 2, 094. 5 ORSie | Benen ee AMUSO LON Loe eles cio = 
Ch lemezMOOnet20622°) S598: ial ee 3,015) 5 || 9195 (ears GeO31 Or 19N90) [Bese esas 
7 4.67 | 1,642. 2 yy el eee Bras CE AOS es) |e dla tos eee SHU On eae o | eee ee 
8 5.33 | 2,144.8 Gel 0.85 | 5,362.0 | 17.76 2.13 | 10,724.0 | 35.52 4.25 
9 6.00 | 2,714.5 9. 00 2.715 |- 6,786.3 | 22051 6.88 | 18,572.5 | 45.02 | 13.75 

10 6.67 | 3,351.2 | 11.13 4.87 | 8,378.0 | 27.82 | 12.18 | 16,756.0 |] 55.63 | 24.35 
1 7.3 4,055.8 | 13.47 7. 22 | 10,138.5 | 33.68 | 18.05 |.20,279.0 | 67.35 | 36.10 
12 8.00 | 4,825.7 | 16.04 9.79 | 12,064.3 | 40.10 | 24.48 | 24,128.5 | 80.20] 48.95 
13 8.67 | 5,663.3 | 18.88 12.58 | 14,158.2 |} 47.08 | 31.45 | 28,316.5 | 94.15 | 62.90 
14 9.33 | 6,568.0 | 21.85 | 15.59 | 16,420.0 | 54.63 | 38.98 | 32,840.0 | 109.25 | 77.95 
15} 10.00 | 7,540.0 | 25.09 18.83 | 18,850.0 | 62.73 | 47.08 | 37,700.0 | 125.45 | 94.15 

The average acreage yield in pounds or the acreage coefficient 
varies with the locality. As market roads are usually located 
through farming country, the weight of crops per acre of farm land 
is a good indication of the tonnage originating on market roads.! 
The report of the 1910 Census shows an approximate average 
product of 332 pounds per acre of farm land. The average yield 
per acre on «wmproved farm land in crops was 1,674 pounds2 The 
average weight per acre of forest products on unimproved farm land 
was 122 pounds.’ 

It is found that usually 20 per cent of the roads in any county 
carry nearly all the traffic—possibly 90 per cent of the total. In the 
United States 20 per cent of the total mileage of roads is about 
440,000 miles. There is an average of about 2,000 acres of farm land 
to each mile of such road, which should represent about 65 per cent 4 

1 There is a considerable return haul of fertilizer, fuel, kerosene, supplies, wire fence, etc., which can be 

partially determined by thorough inquiry of dealers. 

2 A careful computation of the weight per acre of all marketed crops in Tompkins County, N. Y., based 

on the data of Bulletin No. 295 of the Cornell Agricultural Experiment Station, gave 0.51 ton per acre of 

land in cultivation, which was 70 per cent of the total farm area and 63 per cent of the totalarea. The acre 
yield for the entire area was, therefore, 0.35 ton. 

3 These figures are derived by determining the weight and acreage of each crop reported and by making 
reasonable assumptions as to distribution in the case of fruits, etc., where acreage was not given. (See 
Table 2.) 

* The average per cent of lands in farms in 39 States which reported more than 20 per cent of their areas 
in farms in 1910 was 65.16. 
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of the adjacent land. On each of the six radial market roads which 
have been assumed for the calculations above there would be a traffic 
area of 4,021 acres and a farm area of 2,614 acres per mile. 

COST OF HIGHWAY CONSTRUCTION. 

The cost of a given type of highway varies, but the range of variation 
has become comparatively well defined for each type within a given 
region. The standard of construction for any given type is now also 
generally understood and adhered to in the best practice. As this 
standard becomes more generally adopted, the price variation for 
similar local conditions will become less. In Table 5 there are given 
examples of cost per mile for three types of modern State highways. 
These averages are taken from lists of State construction jobs which 
are tabulated in Appendix C.1 The standard which present specifica- 
tions represent is a necessary standard evolved as the result of 20 
years of modern road building. When these standards are ignored, 
it is usually at the expense of good work. 

TABLE 5.—Cost elements of three types of highways. 

] 

Drainage | |Drainage | 
Type. and Surfacing. Total. |. and Surfacing. 

grading. | | grading. | 
| | a. 

| | Per cent. | Per cent. 
Gravel (20;feet wide). 222 3 sees coe ee $1, 817 $2, 599 $4, 416 41.15 | 58. 85 
Ordinary or water-bound macadam (15 feet wide)...-. 3, 400 5,815 9,215 36.90 63.10 
Bituminous macadam (15 feet wide) 2...........-..-.-- 2 765 | @, 000 10, 298 26. 85 | 13.15 

\ } 

1 These cost elements were obtained from 87 gravel jobs and 104 macadam jobs in Maine and New Jersey, 
The averages were 

computed by weighing each job with its relative ength and reducing all costs by simple proportion to 
and from 53 bituminous-macadam jobs in Maine, Massachusetts, and New Jersey. 

equivalent average widths of 20 feet and 15 feet respectively. 
244 jobs are given in Appendix C. 

2 Includes eight jobs of bituminous resurfacing. (See footnotes, Appendix C.) 

The complete tables of cost elements on the 

The cost of highway construction may be subdivided into (a) cost 

When roads 

alignment, drainage 
of enduring features and (b) cost of perishable features. 

are built with accepted standards of grade, 
structures, and foundations, the cost of such elements may be charged 
for enduring features. Whether roads so built result in the maxi- 
mum percentage of permanent investment depends in part upon the 
cost and nature of the wearing surface. For example, a highway 
completed with all the best enduring features and then surfaced with 
gravel would show a higher percentage of cost for enduring features 
than the same road surfaced with more expensive material, as ordi- 
nary macadam or bituminous macadam. A poorly constructed gravel 
road, however, where enduring features had been slighted, would 
present a very high percentage of charge for temporary features. 
Macadam roads, so called, have been built with bond money by 
simply ae broken stone in the mud. An example is shown in 
Plate I, figure 2 

1 Thisee saunas were selected from States in which records were kept so as to pea Coat analysis, 
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Tn issuing bonds for building highways the element of investment 
is of great importance. The allowable variations in grade and align- 
ment are considerable, as are also the variations in the types of drain- 
age structures. But there exists always a minimum standard below 
which it is uneconomical for any community to build on borrowed 
money. 

It is manifestly poor policy to build an expensive surface or 
a relatively long-lived surface on defective grades with poor align- 
ment, or where the drainage features are short-lived and temporary. 
Construction should be so adjusted to the service needed that its 
purpose is accomplished without waste. A county with impassable 
muddy clay roads must obtain, with a bond issue of $100,000, a 
maximum mileage of improvement. If roads are constructed cost- 
ing $10,000 per mile, but 10 miles can be built. It is quite proba- 
ble that the best economic result will be obtained by building 40 
miles of road at a cost of $2,500 per mile. This money should be 
spent largely for enduring features, such as grading, drainage, etc. 

The common error, however, in county bond issues is to fix the 
sum to be voted upon and then to demand an exorbitant mileage 
for that sum. There is presented in Table 5 and in Appendix C the 
percentage of the cost of drainage and grading, exclusive of surfacing, 
and the percentage of cost of the surfacing on a considerable mileage 
of road from several States. 

Not all the surfacing need be a perishable feature. It is becoming 
more and more common to construct roads with surfaces built in 
two courses, the lower of which is regarded as a permanent feature 
of construction. This is particularly true of those types of road that 
are built with concrete foundations for bituminous-macadam, brick, or 
asphalt surfaces. Most hard roads are now seldom allowed to wear 
into the foundation course of the surfacing. It is probably conserva- 
tive to regard 40 per cent of the surfacing cost of macadam or more 
enduring pavements as a cost for permanent features. Well-built 
macadam roads, from the recorded costs in Table 5, would therefore 
indicate a cost of 62 per cent of the total cost for permanent features 
and bituminous-macadam roads about 56 per cent. This method of 
estimating can not be applied to gravel or any natural soil road. 
Under most existing systems of maintenance the entire surfacing of 
such roads steadily deteriorates. It is generally accepted that roads 
built with surfaces entirely of concrete or with a brick pavement and 
a concrete foundation are permanent. It is not, however, yet known 
how long the best concrete surface will wear and it is certain that 
serious failures of concrete surfaces have resulted from poor construc- 
tion. The best vitrified brick surfaces may have a life of 30 years 
or more, but repairs will usually be required and sufficiently exten- 
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sive data on the life of modern vitrified brick roads grouted with 
cement mortar are still lacking to fix the average life period.t 

The danger of building roads with little attention to anything but 
the surface, with no provision for repair and maintenance, and with 
bonds of excessive term is, however, very serious. Complete returns 
of highway mileage built with local bond issues are not available, but 
there is given in Appendix B (Tables 25 and 26) a list of bond issues 
and mileage constructed with the proceeds where the reports are 
complete. 

COST OF HIGHWAY MAINTENANCE. 

Highways constructed with borrowed money should be strictly 
maintained.? Maintenance is necessary in order to insure to the 
community the maximum economic service by the road and also to 
preserve the investment. The cost of maintenance and repairs must, 
therefore, be studied at the outset. Unfortunately public records 
do not yet present complete data on the cost of either repair or main- 
tenance, except in certain States which have highway departments. 

Well-constructed gravel roads will sometimes sustain several 
years of traffic without showing marked deterioration, even when 
there has been no maintenance. Such roads sometimes even improve 
during the second season; more frequently, however, they show ruts 
or the formation of chuck holes. It can not be expected that the 
average life of a gravel surface will be greater than that of a macadam 
surface. The average interval for resurfacing macadam roads is 
between six and seven years. If a sum equal to two-thirds of the 
original cost of the gravel surface itself is provided for renewals at 
six-year intervals, it should be estimated at from $150 to $250 per 
mile per year. If $30 is then allowed for annual dragging and small 
repairs, the total annual cost of repair and maintenance of gravel 
roads would be from $180 to $280 per mile. The annual cost of 
strict maintenance is sometimes below $30. In Bennington County, 
Vt., during 1912, 175 miles of gravel roads were maintained at a cost 
of $20.70 per mile. The annual cost of maintenance and repair on 
sand-clay roads, including all necessary resurfacing at periodic inter- 
vals, should not be fixed at less than 10 per cent of the original cost. 

The cost of repair and maintenance of water-bound macadam 
roads has been determined with considerable exactness from Massa- 
chusetts figures and checked by resurfacing charges in other States 
and in Germany. From $100 to $125 per year ordinarily pays for 
necessary small repairs, such as patching, cleaning culverts, etc., 

1 For further information as to the life of roads, see Bulletin No. 48 of the Office of Public Roads, U.S. 

Department of Agriculture, “Repair and Maintenance of Highways,’’ and Bulletin No. 23 of the U. 8. 

Department of Agriculture, ‘‘ Vitrified Brick as a Paving Material for Country Roads.’’ These bulletins 

may be obtained from the U. 8. Department of Agriculture. 

2See Bulletin 48, Office of Public Roads, U. S. Department of Agriculture. 
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and from $400 to $425 per year is the necessary annual charge for 
resurfacing at periods varying from six to seven years. (See foot- 
note 1, p. 12.) The sum of $525 per mile, on an average, should 
therefore absolutely maintain macadam roads if changes and increases 
of traffic are not excessive. It must be understood, however, that 

in many instances where macadam sufficed for the volume and char- 
acter of traffic prior to 1906, it will not withstand the action of the 
motor vehicle traffic which has developed since that time. 
Many miles of ordinary or water-bound macadam road have been 

resurfaced with bituminous materials and many miles of new 
bituminous-macadam road have been constructed. The logical 
maintenance of such highways is a surface treatment with bituminous 
material and rock screenings, clean gravel, or sharp sand. The 

cost of such surface treatment is from 4 to 12 cents per square yard, 
and it may be expected to last from one to three years, according 
to the density of traffic and the success of the application. Theo- 
retically, perfect surface treatment would constitute absolute main- 
tenance for a bituminous-macadam road. Such maintenance is 
seldom or never realized and bituminous-macadam roads doubtless 
require resurfacing at intervals. The cost of such resurfacing is 
not yet known. The average cost for repair and maintenance of 
7,300 miles of highway in Connecticut, Massachusetts, New York, 
New Jersey, and Rhode Island for the year 1912 was about $800 
per mile. A large part of this money was expended for bituminous 
resurfacing and bituminous surface treatment. There is some ques- 
tion whether the expenditure correctly measures the average cost 
of repairing and maintaining bituminous-macadam roads. In the 
State of New York, however, for the years 1911 and 1912 the average 
cost for repair and maintenance was $724 per mile upon a total 
average of 2,861 miles. The annual cost of repair and maintenance 
on Massachusetts State roads for the years 1910, 1911, and 1912 
was, respectively, $642, $647, and $676 per mile for about 850 miles. 

For the most part these figures for New York and Massachusetts 
represent the cost per mile of resurfacing with bituminous material 
and of maintaining bituminous-macadam and water-bound macadam 
roads by surface treatment with bituminous material. It is clear, 
therefore, that $700 per mile is not an excessive estimate at present 
for the annual cost of all repair and maintenance of bituminous- 
macadam roads. 

The cost of maintaining concrete roads is not yet known. It is 
known, however, that great care must be exercised in constructing 
such roads to insure their success. There have been cases where 
such roads began to disintegrate along the wheel tracks in less than 
a year, owing to defective concrete. Sometimes such roads have 
cracked so badly that it was necessary to remove the surface entirely. 
In other instances the necessary repairs have been very expensive, 



14 BULLETIN 136, U. S. DEPARTMENT OF AGRICULTURE. 

Instances are also known where concrete road surfaces have shown a 
very high percentage of annual wear. In other cases there is appar- 
ently no measurable wear. If the road surface is built with the 
proper mix of concrete and carefully placed, it apparently should 
last indefinitely and not rut. Some cleaning of the surface and 
patching of joints and small depressions will be necessary at all 
times, so that the maintenance can not be entirely neglected. 

The cost of repair and maintenance upon brick highways is very 
low. In most instances, where the construction is as nearly perfect 
as possible, almost no maintenance charges have resulted. Perfect 
construction, however, is seldom obtained.’ It is not unusual to 

find depressions and points of wear in brick roads, but it is less com- 
mon than formerly. Brick roads are now usually constructed on a 
concrete foundation, with very carefully selected vitrified brick, and 
with the joints filled with cement mortar. Their annual maintenance 
costs, although low, are not on record with sufficient continuity to 
supply accurate data. 

It has not been customary for officials to face frankly the cost 
of maintenance and repair on bond-built highways at the time the 
bonds are issued and before construction begins. In fact, in the 
majority of cases where bonds have been issued by local authorities 
there has been no provision whatever for maintaining the roads when 
built. This is perhaps the gravest defect in the project of building 
highways by issuing bonds. The cost of all maintenance and repair 
over a series of years has ranged in the past from 6 to 10 per cent of 
the original cost of construction on the average and varies with the 
type of construction. Concrete roads and brick roads apparently 
are a marked exception to this rule. In future construction where 
the type of road is properly adapted to traffic and with careful main- 
tenance from the outset the percentage of repair and maintenance 
cost should be lower. 

THE BOND ISSUE. 

Sinking-fund bonds.—The majority of highway bonds now 
outstanding have been issued as straight terminable bonds to be 
retired by sinking funds. Many such bonds now run for excessive 
terms. Although the term varies from 10 to 40 years, the average 
is nearly 25 years.2. The fund to retire the bonds is accumulated by 
annual installments paid by the taxpayers and is supposed to draw 
interest continuously and to accumulate a sufficient amount to dis- 
charge the debt at maturity. The interest which the sinking fund 
draws is usually from 1 to 2 per cent less than the interest paid for the 
joan. Five per cent highway bonds are common with the sinking 
fund calculated to draw 34 per cent interest. Table 6 shows the 
annual payments to the sinking fund necessary to accumulate $1,000 

1 Cf. Bulletin 23 of the U. S. Department of Agriculture. 

2 Some issues—notably New York State—run 50 years. Cf. Appendices A and B, 
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at 3, 34, and 4 per cent compounded semiannually for varying 
periods from 1 to 30 years. 

TaBLE 6.—Annual payments which, with interest at 3, 34, and 4 per cent, compounded 
semianually, will amount to $1,000 at the end of a term of years." 

Annual payments. Annual payments. 

Years. = Years. 

3 per cent. | 34 per cent.) 4 per cent. 3 per cent. | 34 per cent.) 4 per cent. 

1 $1,000. 0000 |$1, 000.0000 | $1,000. 0000 16 $49. 5229 $47. 5689 | $45. 6734 
2 492. 5562 491. 3266 490. 1000 17 45. 8652 43. 9283 42. 0837 
3 323. 4583 321. 8368 320. 2221 18 42. 6221 40. 7032 38. 8504 
4 238. 9468 237. 1428 235. 3498 19 39. 7280 37. 8279 35. 9976 
5 188. 2699 186. 3672 184. 4796 20 37. 1306 35. 2499 33. 4426 
6 154. 5102 152. 5508 150. 6104 21 34. 7875 32. 9267 31. 1429 
7 130. 4475 128. 4252 126. 4560 22 32. 6639 30. 8236 29. 0636 
8 112. 3666 110. 3564 108. 3723 23 30. 7313 28.9116 27.1759 
9 98. 3436 96. 3254 94. 3382 24 28. 9656 27.1670 25. 4557 

10 87. 1402 85. 1208 83. 1366 25 27. 3469 25. 5696 23. 8829 
11 77. 9872 75. 9717 73. 9954 26 25. 8582 24. 1024 22. 4404 
12 70. 3721 68. 3643 66. 3996 27 24. 4850 22. 7508 21. 1136 
13 63. 9399 61.9427 59. 9924 28 23. 2149 21. 5024 19. 8901 
14 58. 4372 56. 4527 54.5191 29 22. 0373 20. 3465 18.7591 
15 53. 6780 51. 7080 49.7928 || 30 20. 9428 19. 2739 7.7113 

1Tn Appendix D, page 98, Example 9 shows the method of calculating this table. 

Table 7 illustrates how an annual sinking fund of $32,345.83 
accumulates for three years to $100,000. 

Taste 7.—Accumulations of an annual payment of $32,345.88 with interest at 3 per cent 
compounded semiannually. 

Number | Principal at} Interest | Annual pay- moa ae 
of beginning of} during ment at end AGL Gh 

6-month | 6-month 6-month | of 6-month 6-m natn 
intervals.) intervals. intervals. intervals. RaVGES al a 

1 $0. 00 $0. 00 $0. 00 $0. 00 
2 0. 00 0. 00 32,345. 83 32, 345. 83 
3 32,345. 83 485. 19 0.00 32, 831. 02 
4 32, 831. 02 492. 47 32,345. 83 65, 669. 32 
5 65, 669. 32 985. 04 0.00 66, 654. 36 
6 66, 654. 36 999. 81 32,345. 83 100, 000. 00 

To obtain the necessary annual payments to produce any multiple 
of $1 it is necessary merely to multiply the tabular value in Table 6 
by the corresponding multiple; thus, an annual sinking fund payment 
to retire $100,000 in 15 years at 34 per cent would be $5,170.80. 
Table 33, pages 120 and 121, gives the yearly or periodic payments 
necessary to accumulate $1 in a given number of years or periods 
at varying rates of interest. 

There are objections to the sinking-fund method of retiring high- 
way bonds. It may not be possible to obtain continuously the requi- 
site rate of interest on the sinking fund to discharge the debt at 
maturity. The existence of the sinking fund is a constant temptation 
to municipal officers to use it for purposes other than the purpose 
originally intended. If a county, for example, issues bonds for a 
second object, it is easy to argue that the sinking fund already aceu- 
mulated may be used to purchase the new securities, and the finances 
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of the community are in a way to become much confused. This is 
particularly true since the officers in charge of such operations are 
frequently changing. Sinking fund tax levies may be deferred 
through carelessness or under pressure of other needs. The sinking 
fund always requires careful attention, because it does not progress 
automatically in most cases.t. It has sometimes been entirely neg- 
lected. The total cost of a bond issue retired by a sinking fund will 
be greater in the end than the cost of the same bond issue made by 
either the annuity method or by the serial method. 
Annuity bonds.—By the annuity method of issuing bonds both 

the principal and interest are discharged by constant annual or semi- 
annual payments. The amount of each payment or installment is 
determined by the rate of interest and the term of the bond. It usu- 
ally is necessary to subdivide the bond issue into individual bonds of 
$100, $500, or $1,000each. The resulting periodic payment of principal 
and interest must vary slightly because of this adjustment. Tables 8 

and 9 show, in detail, the schedule of principal and interest repayments 
upon a loan of $100,000 for 20 years, retired by this plan at 4 and 5 
per cent per annum, respectively. The necessary adjustment to the 

nearest $100 bond is also shown. It will be seen that the amount of 
principal retired is small at first and constantly increases while the 
interest charge decreases. The sum of interest and principal re- 
mains constant, and this is an advantage as the tax is then uniform. 

TaBLE 8.—Repayment of a 4 per cent $100,000 loan, including both principal and interest, 
by a uniform annual payment of $7,358.175 for 20 years.” 

Adjusted to nearest cent. Adjusted to $100 bonds. 

Principal Principal a ge Princi- | 
Wears: owing at Interest repaid at ae oueere. Interest pal repaid) rp oral 

beginning | for year. end of ming of for year. | at end of : 
of year. year. year. year. | 

| 

| | | 

i eee $100, 000. 00 $4, 000. 00 S | $100, 000 $4, 000 $3,400 | $7,400 
2....| 96, 641. 82 3, 865. 67 96, 600 3, 864 3,500 | 7,364 
james & y 3, 725. 97 93, 100 3,724 3,600 | 7,324 
4.. 3,580. 68 89, 500 3, 580 3,800 | 7,380 
pees 3, 429. 59 85, 700 3, 428 3, 900 7,328 
6.2. 81, 800 3, 272 4,100 7,372 
Pace 77, 700 3, 108 4, 200 7,308 
8.. 73, 500 2,940 4, 400 7,340 
Ono 8. 69, 100 2,764 4, 60 7,364 
Overs 64, 500 2,580 4, 800 7,380 
11...-} 59,681.38 59, 700 2,388 5, 000 7,388 
12....| 54,710. 46 54, 700 2,188 5, 200 7,388 
13....| 49,540.71 49, 500, 1,980 5, 400 7,380 
14._..| 44,164.16 44,100 | 1, 764 5, 600 7,364 
15....] 38,572. 56 38, 500 | 1,540 5, 800 7,340 
16_...| 32,757.28 g 32, 700 1,308 6, 000 7,308 
17....} 26,709. 40 1, 068. 38 26, 700 1,068 6, 300 7,368 
18....} 20% 419. 60 816.78 20,400 | 816 6, 500 7,316 
19...) ,13,8(8:21 555. 13 13,900 | 556 6, 800 7,356 
20s: 7,075. 16 283. O1 7,100 | 284 7,100 7,384 

Motals)|:ceecs oes. 47,163.50 | 100,000.00 |...-.-.---- | 47,152 | 100,000 | 147,152 

1—In some States there are restrictions on the nature of county investments for sinking fund purposes. 
*An additional table showing the annual payments necessary to discharge a loan of $1, with interest 

for varying terms and rates, is given in Table 36 on pages 126 and 127. 
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Fig. 1.—DALLAS CouNTY, ALA. WOODEN BRIDGE ON AN UNIMPROVED ROAD, 1 MILE 
NORTHWEST OF MARION JUNCTION. 

Fig. 2.—DALLAS CounTy, ALA. NEW STEEL BRIDGE WITH CONCRETE FLOOR BUILT 

IN 1911 TO REPLACE THE BRIDGE IN FIGURE 1. | 

i 
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Fic. 1.—SPOTSYLVANIA COUNTY, VA. UNIMPROVED ROAD FROM FREDERICKSBURG TO 

CHANCELLORSVILLE, MARCH, 1910. 

Fig. 2.—SPOTSYLVANIA COUNTY, VA. CHANCELLORSVILLE ROAD IMPROVED, MARCH, 

OMe ee 
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Fig. 1.—LeEE County, VA. ONE AND ONE-HALF MILES FROM JONESVILLE; NEW 
MACADAM ROAD BUILT FROM BOND ISSUE; OLD ROAD SHOWN AT THE RIGHT 
FOREGROUND. 

Fic. 2.—LEE County, VA. IMPROVED ROAD BuiILT UNDER BOND ISSUE OF 1911 NEAR 

CUMBERLAND GAP; OLD ROAD IS SHOWN AT THE RIGHT. 
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TABLE 9. — Repayment of a 5 per cent $100,000 loan, including both principal and interest, 
by a uniform annual payment of 88, 024.259' for 20 years. 

Adjusted to nearest cent. Adjusted to $100 bonds. 

Bede, Princi- Bagi 
| Principal Principal F Princi- 

Years. | Wing at Interest | repaid at pebowing Interest |palrepaid) potay 
"| beginning | for year. end of main ot for year. | at end of 5 

| of year | year. Tene. year. 

1 /$100,000.00 | $5,000.00 | $3,024.25 | $100,000 | $5,000 $3,000 | $8,000 
2 96, 975.75 4, 848. 79 3,175. 47 97, 000 4, 850 3, 200 8, 050 
3 93,.800. 28 4, 690. 02 3, 334. 24 93, 800 4,690 3,300 7,990 
4 90, 466. 04 4,523.30 3,500. 96 90, 500 4,525 3, 500 8, 025 
5 86, 965. 08 4,348. 25 3, 676. 01 87, 000 4,350 3, 700 8, 050 
6 83, 289. 07 4,164.45 3, 859. 81 83, 300 4,165 3, 900 8, 065 
7 79, 429. 26 3,971. 46 4,052. 80 79, 400 3,970 | 4,100 8,070 
8 75, 376. 46 3, 768. 82 4, 255. 44 75, 300 3,765 | 4,300 8, 065 
9 71,121. 02 3, 556. 05 4, 468. 21 71, 000 3,550 | 4,500 8, 050 

10 66, 652. 81 3,332. 64 4,691. 62 66, 500 3, 325 4,700 8, 025 
11 61,961.19 3,098.06 | 4,926.19 61, 800 3,090 4,900 7,990 
12 57,035. 00 2,851.75 | 5,172.51 56, 900 2, 845 5, 200 8,045 
13 51, 862. 49 2, 593.13 5,431. 13 51, 700 2,585 | 5, 400 7, 985 
14 46, 431. 36 2,321.57 5, 702. 69 46, 300 2,315 | 5, 700 8,015 
15 40,728. 67 2,036. 43 5, 987. 83 40, 600 2,030 | 6, 000 8, 030 
16 34, 740. 84 1,737. 04 6, 287. 22 34, 600 1,730 | 6, 300 8, 030 
17 28, 453. 62 1, 422. 68 6, 601. 58 28, 300 1,415 | 6, 600 8,015 

| 6,931. 66 21,700 1,085 | 6, 900 7, 985 
ey ie) i cs Ne) Le) or (JN) ee) “I eS for) oO bo 7,278.24 | 14,800 740 7,200 | 7,940 
20 7, 642. 14 382.12 | 7,642.14 7, 600 380 | 7,600 | 7,980 

Motals|tee oe 60,485.18 | 100,000.00 | Past gees / 60,405 | 100,000 | 160, 405 

1Cf. Example 14, p. 101, for details of calculations. 

Serial bonds.—The serial bond differs somewhat from the annuity 
bond, because, instead of keeping the annual payment of both prin- 
cipal and interest constant, the principal alone retired each year 
remains fixed. This type of bond has become more common for high- 
way purposes in recent years, and during 1912 and 1913 the number of 
serial issues exceeded the number of issues for any other single given 
term. The Office of Public Roads received reports for these two 
years of $15,300,819 in serial highway bonds, which is over 20 per cent 
of the total county and district bonds for which the period or term of 
issue was reported. In Tables 10 and 11 are given the necessary 
annual payments of interest and principal for an issue of $100,000 for 
20 years at 4 and 5 per cent, respectively, where the bonds are retired 
by annual payments of $5,000 each. The first retirement is some- 
times deferred for a number of years. 

TaBLe 10.—Schedule of interest and principal to retire a serial loan of $100,000 ct 4 
per cent, ue annual principal repayments of $5,000. 

Principal | Principal P 

joutstand- Interest Principal | | outstand- Interest Peat | Years.| ingat | sor von Lae f | Total. || Years.| ingat | gp ces: eel abyecll beginning year.| endo | beginning] for year. | end o 

of year. hs: | of year. | Year. 

1 | $100,000 $4, 000 $5, 000 $9, 000 | 12 | $45,000 $1,800 $5,000 | $6,800 
2 95, 000 3, 800 5,000 8,800 | 13 40, 000 1,600 5,000 6, 600 
3 90,000 3, 600 5,000 8, 600 14 35,000 1,400 5,000 6,400 
4 85, 000 3,400 5,000 8,400 | 15 30, 000 1,200 5,000} 6,200 
5 80, 000 3, 200 5,000 8, 200 16 25,000 1,000 5,000 | 6,000 
6 75,000 3,000 5, 000 8,000 17 20, 000 800 5,000 | 5,800 | 
7 70, 000 2,800 5,000 7,800 18 15,900 600 5,000 | 5,600 
8 65,000 2,600 5,000 | 7,600 | 19 10, 000 400 5,000 5,400 | 
9 60, 000 2,400 5,000 7,400 | 2 5,000 200, 5,000 5,200 | 

10 55,000 2,200 | 5,000 7,200 | } | | 
11 50, 000 2,200 5,000 7,000 | Motalsa|-aaseeeee | 42,000 | 100,000 | 142,000 | 

| | | | | 

92448°—15 
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TasLE 11.—Schedule of interest and principal to retire a serial loan of $100,000 at 5 per 
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cent, with annual principal repayments of $5,000. 

ee Mag 
| Principal | ennai Principal) Prince 
joutstand-} 7, . wep ae outstand- bee De 

Years. | ing at patel er Total. || Years. | ing at feos Z ena Total 
beginning} Sia Sen | beginning) e ae 

Pigs ine eS year. eae | year. 
| of year. . of year. | 

1 | $100,000 $5,000 $5, 000 $10,000 | 12 $45, 000 $2, 250 $5,009 | $7,250 
2 95, 000 4, 750 5,000 9, 750 || 13 40, 000 2,000 5, 000 7,000 
3 90, 000 4,500 5,000 9,500 | 14 395, 000 1,750 5,000 6, 750 
4 85, 000 4,250 5,000 9, 250 15 30, 000 1,500 5, 000 6, 500 
5 80, 000 4,000 5,000 9,000 | 16 25,000 1, 250 5,000 6, 250 
6 75,000 ser da{) 5,000 8, 750 | 7 20, 000 1,000 5,000 6, 000 
7 | 70,000 3,500 5,000 8,500 | 18- 15, 000 750 5,000 5, 750 
8 | 65,000 3, 250 5,000: 8, 250 | 19 10,000 500 5,000 5, 500 
9} 60,000 8,000 5,000 $, 000 | 20 | 5,000 250, 5,000 5, 250 
10} 55,000 2, 750 5,000 7,750 || ; 
11 | 50, 000 2,500 5,000 7,500 1 Totalse..2 222 see 52,500 100,000 | 152,500 | 

1 | | | | 
| 

Comparison of serial, annuity, and sinking-fund bonds.— 
It will be noticed that the total expense to the community under the 
serial plan is somewhat less than under the annuity pian. The 
expense by either method is, however, considerably less than the 
expense under the sinking-fund plan. For the purpose of comparison 
the total expense to the community under each plan is assembled 
under Table 12. . 

Tables 8 to 11, inclusive, are computed with interest payable 
annually. Bonds with interest payable semiannually sell better. 
Similar tabies or schedules for the annuity and serial plans of bond 
issues to conform to semiannual interest payments can be easily 
prepared. Schedules can also be prepared to show the progress of a 
bond loan when the bonds are bought at a premium or discount.' 

TaBLE 12.—Total cost of a loan of $100,000 for 20 years, interest compounded annually. 

| Sinking fund compounded 
| Annual annually at— 

| ak Annuity. Serial. 

| bonds. |. Pex 34 per | 
| | 3 percent. cent. | 4 per cent. 
| | | 

| 4 $154, 431 $150, 722 | $147,163 | $147, 163 $142, 000 
43 164, 431 160, 722 | 157, 163 153, 752 147, 250 
5 174, 431 170,722 | 167,163 160, 485 152, 500 

| 54 184, 431 180, 722 177, 163 167, 359 157,750 
| 6 194, 431 190, 722 187, 163 174, 369 163, 000 
| 

In a bond issue by any given plan the amount, the interest, 
and the term may be fixed at will, but when this is done the annual 
repayments of principal and interest are theoretically determined. 
Thus, by the annuity method, if $100,000 is to be issued at 5 per cent 
annually and retired in 20 years, the annual amount of interest 
and principal is at once determined to be approximately $8,000. 

1 Cf. Appendix D, pages 91 to 115, for details of such schedules. 
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For the same bond issue under the serial plan, the total annual 
payment varies because the interest varies, but each yearly payment 
of interest and principal is nevertheless fixed. 
Under the sinking-fund plan the annual payment necessary for prin- 

cipal and interest is theoretically constant, but it depends upon the 
interest realized upon the sinking fund. It is not safe, as a rule, to 
estimate this interest at more than 34 percent. Then for a $100,000 
20-year loan, with annual interest on the sinking fund, the total 
annual payment would be $8,536.11. If the sinking fund could earn 
the rate of interest which is paid upon the loan there would be no 
advantage in expense to the community in the annuity or the serial 
bond over the sinking-fund bond. There is given in Table 13 the 
total mill tax on $1 to retire a bond issue of $100,000 by the sinking 
fund or the annuity plan. 

TaBLe 13.—Annual mill tax on $1 for interest and retirement on a bond issue of $100,000, 
at 5 per cent annual interest, for terms of 10 and 20 years. 

Mill tax. 

10 years. 20 years. 

Valuation. 
Sinking-fund plan.t Sinking-fund plan.! 

Annuity Annuity 

3 per 33 per 4 per plan.? 3 per 33 per 4per | *Plan.’ 
cent. cent. cent. cent. cent. cent. | 

| 

$1, 000, 000 13. 723 13. 524 13.329 12. 950 8. 722 8.536 8.358 8. 024 
1, 500,000 9.149 9.016 8. 886 8. 634 5. 814 5. 691 5.572 5.350 
2,000, 000 6. 861 6. 762 6. 665 6.475 4.361 4, 268 4.179 4.012 
2, 500, 000 5. 489 5. 410 5.332 5. 180 3.489 3.414 3.343 3. 210 
3, 000, 000 4.574 4.508 4. 443 4.317 2.907 2. 845 2. 786 2. 675 
3, 500, 000 3.921 3. 864 3. 808 3. 700 2.492 2. 439 2.388 2. 293 
4, 000, 000 3.431 3.381 3.332 3. 238 2.180 2.134 2.090 2.006 
4, 500, 000 3.050 3.005 2. 962 2. 878 | 1.938 1.897 1.857 1.783 
5, 000, 000 2.745 2.705 2. 666 2.590 | 1.744 1. 707 1.672 1.605 
5, 500, 000 2.495 2. 459 2. 423 2. 355 1.586 1.552 1.520 1.459 
6, 000, 000 2. 287 2. 254 2.222 | 2.158 1.454 1. 423 1.393 1.337 
6, 500, 000 2.111 2.081 2.051 1.992 1.342 1.313 1. 286 1. 235 
7.000, 000 1.960 1.932 1.904 1. 850 1. 246 1.219 1.194 1.146 
7,500, 000 1. 830 1. 803 1.777 1.727 1.163 1.138 1.114 1.070 
8, 000, 000 Ley fl) 1.691 1. 666 1.619 1.090 1.067 1.045 1.003 | 
8, 500, 000 1.614 1.591 1.568 1.524 1.026 1.004 . 983 944 
9,000, 000 1.525 1.503 1.481 1.439 . 969 - 948 929 892 | 
9, 500, 000 1. 445 1.424 1. 403 1.363 918 . 899 . 880 - 845 

10, 000, 000 1.372 1.352 lp3so 1. 295 . 872 - 854 - 836 . 802 

1 With interest compounded annually. 
2 The tax for the serial plan is slightly less, but varies from year to year. 

It is quite probable that so many 30-year bonds are issued in order 
to take advantage of the fact that bonds of that term result in a low 
annual charge for interest and sinking fund. It will be seen from 
Table 14 that very little advantage is gained by fixing the term of a 
bond longer than 30 years. The annual charge decreases very slowly 
from that point, whereas the total charge increases rapidly. 

| 
| 
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Taste 14.—Annual and total costs of a loan of $100,000 for varying periods, with sink- 
ing fund to draw 34 per cent interest, compounded annually. 

Annual interest on bonds. 

4 per cent. 5 per cent. 

Term in | i 

years. Total an- Total an- 
nual pay- | nual pay- 

| ment, in- | Total cost | ment, in- | Total cost 
terest, and of loan. | terest, “and of loan, 

| sinking | sinking | 
| fund. fund. | 

5 $22, 648 $113, 241 $23,648 | $118, 241 
10 | 12, 524 125,241 | 13, 524 135, 241 
15 | 9, 183 137, 738 10, 183 152, 738 
20 7,536 150, 722 8, 536 170, 722 
ah 6, 567 164, 185 7067 189, 185 
30 5, 937 178,114 | 6, 937 208, 114 
35 | 5, 500 192,494 | 6, 500 227, 494 
40 | 5, 183 207,309 | 6, 183 247, 309 
45 | 4,945 222,540 | 5,945 267, 540 
50 | 4,763 238, 169 5,763 | 288,169 

The same facts are presented in the diagram of Plate III, figure 1. 
The curves of annual cost of interest and retirement fall very slowly 
after the 30-year point. 
It is an unfortunate fact that most highways do not vitage a life of 

30 years, and it is now quite evident that the life of the highway and 
not the apparent economic term of the bond should determine the 
length of the loan. Many miles of natural soil roads are annually 
built by 30-year bond issues. There is usually no provision for repair 
and maintenance charges, and little business organization in the county 
road system. This practice is financially dangerous. No gravel road 
surface can last 30 years, and apparently the only road surfaces for 
which a 30-year life is recorded are surfaces of far more expensive 
construction than are usually built under the bond issues reported to 
the Office of Public Roads. 

There is a further advantage in the annuity or serial bond for high- 
way construction, because it is more likely under such a bond that the 
road surface will be paid for before it is entirely worn out. If an 
annuity or serial bond begins to mature immediately, this is not con- 
sidered a serious objection among bankers. These types of bonds are 
particularly adapted for financing operations which by their very 
nature involve a wasting of the property. A highway is in part a 
wasting property and it is desirable to have established a margin of 
safety in highway financing. Railroads frequently issue serial equip- 
ment bonds for a period of 10 years with which to purchase rolling 
stock. The amount of bonds retired annually is carefully adjusted 
so that the retirement is faster than the depreciation of the rolling 
stock. The difference between the outstanding bonds and the value 
of the equipment in any year is the margin of safety. 

1 Massachusetts in 1912 reduced the term of State highway bonds from 30 to 15 years. Wisconsin passed 

a law, effective in 1913, providing that counties may issue 5 per cent bonds for State highways for periods 

not to exceed 10 years. The bonds must be serial bonds, with interest and redemption fund to be raised 

by direct taxation. 
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From the nature of the annuity or the serial form of highway bonds 
it is never necessary to issue new or refunding bonds at the end of 
the term. Both of these types of bonds have the advantage that 
they accomplish with one financial operation all that the sinking- 
fund type of bond can accomplish. The main advantage, however, of 
both types of bonds is that the community saves more money than 
under the sinking-fund plan because it avoids paying a higher rate 
on borrowed money than it can obtain on money that it loans. 
Highway bonds are seldom sold at par. Not infrequently they 

command a slight premium; that is to say, they are sold at an advance 
over the par value. In nearly every State the-law provides that 
municipal bonds shall not be sold at less than par.t When the pur- 
chaser pays a premium for a 5 per cent highway bond it will yield 
less than 5 per cent. To enable investors to determine quickly the 
net rate of yield from a bond purchased at a premium or at a discount, 
tables known as bond tables have been calculated. In Appendix D 
is presented a short bond table of this kind (Table 37). From this 

table the net yield of a bond with a nominal rate of interest of from 3 
to 6 per cent, payable semiannually and for varying terms, may be 
calculated for various prices. Thus a 5 per cent 15-year highway 
bond purchased at 103.20, or with a premium of 3.20 per cent, will be 
found to yield the purchaser 4.70 per cent on his investment.? Such 
tables are of more important interest to the purchaser than to the 
municipality offering the bonds, but they are necessary for the intel- 
ligent direction of the bond issue. 

Jn calculating the price to be paid for serial bonds, it is customary 
to treat each series separately and to find the price that yields the 
given net rate by adding the separate prices. Some formulas will 
be found, however, in Appendix D which considerably shorten the 
labor of calculating the price to be paid for serial bonds and the 
labor of related calculations. 

Speciai form of annuity bond.—In the operation of the annuity 
bond both interest and principal are discharged by a series of equal 
installments, usually semiannual. Each installment contains inter- 
est on the bonds outstanding at the beginning of the interval and the 
balance is applied to retire the bonds. The effect of this method is 
to diminish steadily the investment of the purchaser. If, however, 
the borrower should arrange to set aside periodically in a sinking fund 
a fixed sum im excess of the periodic interest on the entire issue, the 
effect would be to leave the total investment of the purchaser undis- 
turbed until the sinking fund had accumulated to the amount of the 
loan. When the excess of the periodic installment over the required 
interest is arbitrarily selected and accumulates at a given rate of 

1 Massachusetts requires the premium to be deposited in the sinking fund. Toavoid paying par value for 

the bonds, bidders frequently bid par or above par and require an allowance for attorney’s fees and expenses, 
2Cf. Appendix D, page 129. 
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interest, the term of the bond is thereby absolutely fixed. A simple 
way to accomplish this result is to add to the nominal interest rate 
which the bonds pay a percentage of the principal to be set aside in a 
sinking fund to retire the bonds. There is produced thus a new nomi- 
nal rate. Since both interest and principal are discharged by the 
periodical payment of interest or dividends at the new nominal rate, 
an issue of this character may be described as a special form of an- 
nuity bond. 

Table 15 shows the resulting terms in years of a bond issue for 
$1,000,000 where from 14 to one-half per cent of the principal is set 
aside semiannually in a sinking fund which draws 3 per cent com- 
pounded semiannually. The original interest rate on the bonds is 
assumed to be 3 per cent, payable semiannually, and the new in- 
creased nominal rate varies then from 6 to 4 per cent. The last col- 
umn shows the total cost to the borrower for the loan of $1,000,000 

under this method. 

TaBLE 15.—Necessary terms and total costs of a bond issue of $1,000,000 at 3 per cent, 
payable semiannually, when retired by various arbitrary fractions oF the principal set 
aside and compounded senvannually. 

Applied ier 

sare prt increased 
enibien interest Term of | Total cost to 
aia d 6 rate on bonds. borrower. 

retire bond soe 
issue. 7o bonds. 

Per cent. of 
loan. Per cent. Years. Dollars. 
1% 6 2314, 1, 410, 000 
134 534 25 1, 437, 500 
1% 5% 261% 1, 457, 500 
114 5 2814 1, 496, 250 
if 5 31 1, 550, 000 
i% 484 34 1,615, 000 
34 44 37 1, 665, 000 
58 414 4144 1, 763, 750 

4 4 47 1, 880, 000 
% 4 50 2, 000, 000 

The progress of the accumulation of the semiannual sinking fund 
under the plan here outlined is shown for varying retirement rates in 
Table 17. It is possible so to determine the rate of retirement that 
the resulting term of the bonds is integral instead of fractional. The 
increased nominal rates for 3 per cent bonds to retire in varying 
integral terms is as follows:1 

TaBLe 16.—EHquivalent nominal rates for retiring 3 per cent bonds in varying terms. 

Per cent. Per cent. 

INO ch his tee wee ese eae atte MNOS 0148 | SOP VCarS te koe eeene cise emer 5. 078686 
PUWWCOES oe 52 yee ae ance 6nOS0420" (40 ivearsus 25285 a nyse 4, 309664 
POR CONG: namin ka ane eae ee 5} (AS rion POW acct eee ees heer oe 3. 874114 

1 This rate per cent is determined by the formula: 

Rate per cent= 3+200/S3,) 

where 7 is the number of years Ss is determined from Table 32, Appendix D, at the rate 14%. 
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The details of advertising and selling highway bonds are frequently 
prescribed by law. Bids from bond houses are always made con- 
ditioned on an investigation of the validity of all proceedings leading 
to the issue. The attorneys for the bidders will require from the 
municipality certified copies of all papers concerning the transaction. 
There frequently is much variation in the form of the bids for a single 
issue. The items of denomination of the bonds, options on delivery, 
portion of the issue bid for, deposit of the money in stipulated banks, 
and items of less importance are often written into the bids. 

TOTAL COST OF HIGHWAYS. 

Charges included in total cost.—The first cost of construction 
is not the total cost of a highway. It is becoming customary to con- 

sider the cost of highways for a period of years.1. This view of high- 
way costs is important in the construction of highways with bor- 
rowed money. Municipal or county bonds are invariably issued 
for a definite term or period, and it is desirable, therefore, to know 

the total cost to a community during the life of the bond. Undoubt- 
edly the best financial policy is to restrict the term of the highway 
bond to the probable useful life of the original type of road under 
actual conditions. 

There is considerable difference of opinion among engineers and 
highway officials as to what constitutes the total cost of a highway 
during a given period of years. Questions arise over the interest 
charge on the original cost, the annual payments to amortize or 
retire the loan, the depreciation charge, and the repair and main- 
tenance charge. Evidently if a repair and maintenance charge is 
made sufficient to maintain the road absolutely for an indefinite 
period, a depreciation charge has no place in the estimate of total 
annual cost. It is also apparent that total and annual costs for the 
loan can be made to vary at will by changing the period of the loan, 
i. e., the term of the bond. To make the problem more definite, it 
is desirable to assume, first, that the highway loan is a terminable 
loan and for a period not greater than the period for which the road 
will continue to serve with the original type of surface, grade, and 
alignment; and, second, that there is charged as the total cost of the 
road for that period all money paid by the community for that road 
in the form of taxes. 

Although the cost of resurfacmg a road or extraordinary repairs 
is a cost which occurs only at intervals, it is a safe and conservative 
plan to make an annual charge for all such work. As an example, 
if a water-bound macadam road is built at a cost of $8,000 per mile 

1Cf., for example, the report of the Cambridge (Mass.) Paving Commission, June, 1911, and the 1909 

Report of Public Work in Cuyahoga County, Ohio, p. 21. 
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with money borrowed at 5 per cent for 15 years and retired by a 
sinking fund, there would result the following annual expense to the 
taxpayers for each mile for 15 years: Interest on $8,000 at 5 per cent, 
$400; annual sinking fund to retire $8,000 in 15 years, at 34 per cent 
interest compounded semiannually, $413.66 ;' cost of annual mainte- 
nance, $125; annual cost of periodic? resurfacing, $400—making a 
total annual cost of $1,338.66. By the annuity bond plan, the 
expenses would be: Annual repayments of interest and principal,’ 
$770.74; cost of annual maintenance, $125; annual cost of periodic? 

resurfacing, $400—making a total annual cost of $1,295.74. 
At the end of 15 years the interest and redemption charges cease, 

and if resurfacing is carried out as planned the surface is but two 
years old and the community has a property the permanent value 
of which represents at least 62 per cent of the original cost, or $4,960, 
exclusive of the surface, and an accumulation of $800 toward resurfac- 

ing. If the road is to continue in its original form, the annual charge 
for repairs and maintenance will probably increase because of increased 
traffic. If the annual payment of principal is reduced by extending 
the period of the loan, there is danger that a new loan will be necessary 
for more expensive construction to meet the increasing traffic before 
the original loan is retired. Moreover, the decrease in annual pay- 
ments of interest and principal is not inversely as the increase in the 
period of the loan. A 30-year 5 per cent annuity bond would require 
an annual payment of $520.41 per mile on the $8,000 macadam road 
above cited. (See Table 36 and PI. ITI, fig. 1.) 

If the same method of estimating the annual cost is used for each 
type of road considered, the relative total cost of the various types 
may be computed fairly and without confusion. If a highway were 
built from cash in the public treasury it would theoretically still be 
necessary to include in the annual cost of such a highway the interest 
on the first cost of construction at a rate which the municipality or 
county could obtain by investment of itsfunds. The question of how 
long such interest should run has never been determined.! 

In estimating the total cost of a highway for a series of years the 
cost of repair and maintenance is the item most frequently neglected. 
The cost of the sinking fund or the charge for bond redemption is also 
sometimes forgotten. There are now outstanding bonds for highway 
construction where no provision has been made to retire them, 
although the bonds have been issued for a definite term. 

1 Use Table 6, p. 15. 

2 At intervals of 6.5 years, at $2,600 per mile, or 29.5 cents per square yard for a 15-foot road; no allowance 

of interest is made; for discussion of this point, see p. 13. 

3 See Table 36, Appendix D. 

* Theoretically interest would run until improved road had paid for itself by saving to community. 

* In one county of Virginia, after public highways had been constructed from the proceeds of a bond 

issue, the county established tollgates upon the highways in order to raise revenue for their maintenance. 

ee ee 
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Financing maintenance.—It is undoubtedly necessary, in gene- 
ral, to establish a direct tax for annual repair and maintenance for 
bond-built highways.t| When highway bonds are issued it should be 
distinctly understood that there will be (besides the tax for interest 
and retirement) within a few years an additional tax for repair and 
maintenance, if the regular road tax within the county, as is most 
often likely, is not already sufficient to repair and maintain the new 
roads. This repair and maintenance charge is inevitable and, since 
the earning power of the road in reducing hauling costs tends to in- 
crease with the degree of maimtenance, it is sound business to face the 
repair and maintenance charges in the beginning. 
Comparisons of total costs.—When the more expensive types 

of highways are to be built by the proceeds of a bond issue, especially 
under increasing traffic, a question may fairly arise as to the relative 
portions of the total cost for a series of years, which should be devoted 
to repair and maintenance and to first construction and interest. As 
Table 5 shows, the cost of the hard highway surface constitutes, for 
standard types of construction, the largest percentage of total costs. 
Up to a certain point, when the cost of the surface is increased, 

the cost per mile of maintenance correspondingly increases, but not 
usually the cost per unit of traffic. It costs more per mile to repair 
and maintain an ordinary macadam road, for example, than it does to 
repair and maintain a gravel road, and the cost per mile of repair and 
maintenance for bituminous-macadam roads is greater than for 
ordinary macadam roads. The costs of repair and maintenance of 
the best-buiult brick and concrete roads are apparently very low, and 
would, therefore, not follow the above rule. 

The total necessary cost of a highway for a series of years can be 
determined only approximately and only after a study of the charac- 
ter and volume of traffic and a comparison of the total probable costs 
for the kinds of surface adapted to the traffic. It may not be economy 
to build a road of cheap first cost and high maintenance charges. If 
exact figures were available, accurate comparisons of different sur- 
faces would be simple, but many items are still lacking. It is not 
known how long a concrete road will wear or what it will cost to 
renew it, especially if it has to be broken up and removed. The hfe 
of bituminous-macadam roads has not yet been fully determined, 
nor has the life of the best modern vitrified brick pavement. Abso- 
lute maintenance? on most pavements can seldom be continuous. 
Repairs or resurfacing operations will be needed at intervals which 
are as yet imperfectly determined. 

1Cf. Act of September, 1913, by Legislature of Tennessee, which establishes a maintenance tax of 

2 per cent of all highway bonds. 2 See Bulletin No. 48 of the Office of Public Roads, p. 8. 
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If it is assumed that a 15-foot bituminous-macadam road costs 
$10,500 a mile, and the corresponding 15-foot brick road $18,500 a 
mile, with annual (absolute) maintenance for the bituminous road at 
$600 per year and strict maintenance‘ for the brick road $300 per 
year, the necessary items for the total cost for 20 years may be stated 

as follows: 

Bituminous-macadam: 
Cost of construction ($10,500) under 5 per cent serial bond with inter- 

PatmOTe2 ORY CATS: iis: shee ees keno see elo ea 8-316, 012: 50 
Cost of annual repair and maintenance ($600) for 20 years........--- 12, 000. 00 

otalvcost-lor 20sy ears) Leeman es arte l eh eA 28, 012. 50 

Brick: 
Cost of construction ($18,500) under 5 per cent serial bond with inter- 

CEE TOR OAD er hiss Sone ee EES o8 be 6.5 2a teen eee ae ae eo $28, 212. 50 

Cost of annual repair and maintenance ($300) for 20 years.......---- 6, 000. 00 

Rotalzcostwor20sy.ears' |. - 33.2 ee ciate eter eee cis 34, 212. 50 

On the assumption made there is not as much difference in the total 
costs of the two road surfaces as would appear from the first costs. 
It is not known that $600 per mile per year will absolutely maintain a 
bituminous-macadam road nor that $300 per mile per year will 
strictly maintain a brick road, and the relative value of the two road 
surfaces at the end of the 20-year term is still to be determined. 

The above analysis indicates a method of estimating the total cost 
of roads and of required bond issues. The total cost of a 15-foot con- 
crete road, for example, may be compared with the above total costs, 
assuming a construction cost of about $1.35 per square yard or 
$11,880 a mile and an equivalent annual repair and maintenance 
charge between that of brick and bituminous-macadam. 

EXPEDIENCY OF ISSUING HIGHWAY BONDS. 

Legal restrictions on bond issues.—Nearly all States restrict 
the total amount of municipal bonds which may be issued to a fixed 
percentage of the assessed valuation. In other cases there are legal 
restrictions governing the amount of taxes which may be raised for 
highway purposes. These are examples of legal restrictions which 
must be clearly understood before the issue is made. The question 
frequently arises regarding the authority of the districts of a county 
to issue bonds. In a number of States the law allows the creation of 
highway districts or the issuance of bonds by the legal subdivisions 
of a county. Care must be exercised to determine to what officers 
the authority for such issues belongs. Instances have arisen where 
district road boards have undertaken the issue of bonds legally voted, 
but where the law provided that the county authorities and not the 
district authorities must issue the bonds. 

1 See Bulletin No. 48 of the Office of Public Roads, p. 8. 2 Use Table 11, p. 18. 
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In nearly all States county bonds or district bonds of any kind 
must be authorized by a majority, or a two-thirds vote, of either 

the entire county or of the district. 
Advantage of bond issues.—The issuance of highway bonds is 

essentially a method of capitalizing the resources of a community 
for the purpose of creating improved highways. The fundamental 
advantage of the bond plan is the construction of a goed system of 
roads at once, but there are secondary advantages in building roads 
in long stretches and in the planning of the maintenance of such roads. 

The question is not merely whether a community shall incur a 
debt; it is also a question as to whether the maximum economic 
efficiency and the full development of the public wealth will be best 
promoted by using public credit. 

There is shown in Plate ITI, figure 2 the relation between the vol- 
ume of traffic in ton-miles, reduction in hauling cost in cents per 
ton-mile, and the annual cost per $1,000 of a 20-year bond under the 
annuity plan. <A mile of road sustaining 3,000 tons of travel per 
year, for example, would pay interest and retirement on $1,000 in 4 
per cent bonds if the cost of hauling were reduced about 2.4 cents 
per ton-mile. 

Emphasis has been placed in this publication on the strictly meas- 
urable economic benefits to a community from road improvement. 
There are many additional economic benefits and very great social 
benefits which are not readily measured. Increased school and church 
attendance is shown in repeated instances to be an immediate conse- 
quence of better roads.1. The general stimulus to business is difficult 
to evaluate. It is evident, however, that business and professional 
men of all classes are among the first to be benefited. This is espe- 
cially true of physicians. The cost of upkeep of automobiles, par- 
ticularly of tires, is becoming yearly a large item and the road con- 
dition is a most serious factor for the automobilist and the users of 
motor trucks. 

It should be understood at the outset that the question of debt 
itself is relatively less important than the question of sound planning 
and good management of the loan. The very presence of the 
improved road system increases the value of the county property 
and therefore the resources supporting the loan. It is a well- 
established business principle that extension of credit within safe 
limits is necessary for maximum results. The financing of all private 
enterprises by bond issues has increased very greatly. In 1908 
statistics show that, during the preceding decade, bonds were issued 
as a method of capitalizing public and private enterprises at the rate 
of $583,000,000 annually. 

1Cf. Farmers’ Bulletin No. 505, ‘‘The Benefits of Improved Roads.” This bulletin may be obtained 

from the Secretary of the U.S. Department of Agriculture. 
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Failure of bond issues.—Instances are not lacking where bond 
issues for highway purposes have proved failures. These instances 
are invariably due to mismanagement rather than to defective 
principle. Where counties have issued highway bonds the proceeds 
of which have been spent to construct temporary road surfaces on 
unimproved grades and without proper drainage, failure has neces- 
sarily resulted. There are on record in the Office of Public Roads 
instances where so-called macadam roads have been built with bond 
money by simply dumping broken stone at the wrong time of the 
year on muddy road surfaces without grades or alignments and 
without rolling or binding. (Cf. Pl. I, fig. 2.) 
A typical method of mismanagement is to distribute the funds 

equally on all the roads in the county or district issuing the bonds. 
Recently in a southern State $40,000 was distributed equally over 
nearly 90 miles of highway in a certain district. After deducting 
necessary overhead expenses this sum was equivalent to about $400 
per mile. Obviously no permanent results could be obtained from 
such a distribution. In another county, where heavy rains and 
severe winters could not fail to make-the roads nearly impassable 
with the superficial construction adopted, bonds were issued to the 

amount of $300,000. The money was devoted to light grading on 
an excessive mileage without any attempt at surfacing. 

Through a misunderstanding of the essential principles underlying 
the establishment of a proper county road system, conflicts of interest 
sometimes arise which cause the failure of the bond issue plan. The 
location of the roads to be improved should not be determined by 
argument, but upon sound engineering and economic principles. 
Before a community votes to issue bonds for highways it is necessary 
to understand thoroughly what roads are to be improved and the 
approximate cost of their construction and maintenance. Too fre- 
quently ill-advised locations are adopted. 
Need for highway engineers.—Highway plans for bond issues 

require expert skill and professional service. Before the amount of 
bonds is determined, a thorough study of the needs of the county 
should be made and careful maps of the proposed highway system 
should be prepared. The sum to be issued should not be fixed until 
it is reasonably known what it will accomplish. It is customary for 
many counties to appoint a commission of business men under whose 
jurisdiction the bond money is expended. In other cases the county 
supervisor or county commissioner has the direction of expenditures. * 
The best results have always followed where such commissions or 
county boards have secured the services of a highway engineer. 

Guided by the costly experience of many communities, it is now 
becoming common for counties to adopt this plan. In all engineering 
construction it is customary to allow a certain percentage of the cost 
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for engineering and supervision. There is no reason why highway 
building should be made an exception to this rule. At least 5 per 
cent of the bond issue may well be set aside for engineering and 
supervision alone. Money spent to hire a competent engineer + to 
make preliminary investigations before bonds are issued and to plan 
and supervise construction will be well spent. It is not uncommon 
to find counties that will repeatedly postpone the sale of bonds in 
order to obtain an increase of 1 per cent in a bid for $100,000 or less 
and then proceed to construct the roads in a most haphazard and 
ill-planned manner. 

Benefit to nonabutting property owners.—In planning the 
highway system or the main market roads, as mentioned above, it 

will be found necessary to omit many roads the improvement of 
which is greatly desired by abutting landowners. The fact that 
such property holders must pay a tax for the bond issue is only an 
apparent injustice, for if the highway system is well planned the 
entire county will feel the benefits of the improvement. As a rule, 
main market roads reach the majority of producing areas, and when 
they are improved all land values tend to increase. 

The fact that cities and larger towns are frequently taxed for bond 
issues to build highways outside of their own limits is sometimes made 
a point of debate in bond elections. It is argued that because a large 
part of the county wealth is within the corporate limit of such cities 
and towns, highway bond money should also be used to construct 
their streets. It is even urged that the expenditure should be made 
proportionate to the assessed valuation within the city limits. If 
the proceeds of highway bond issues were distributed in this way 
their purpose in many cases would be defeated. The primary object 
of the county highway bond issue is to build county market roads and 
not to improve city streets, although a high percentage of the assessed 

valuation may be city property.? It is now known that the expendi- 
ture of city taxes on country roads is a sound principle and that it is 
one of the best features of State aid for highways. In Massachusetts 
the city of Boston pays possibly 40 per cent of the total State highway 
fund, but not a mile of State-aid highway has been built within its 
limits. New York City also pays about 60 per cent of the cost of the 
State highway bonds. Some State laws prohibit the expenditure of 
proceeds of State highway bonds within corporate limits of cities or 
towns. The improvement of market roads results in improved 
marketing conditions which benefit the city. Most cities are essen- 
tially dependent upon the surrounding country for their prosperity 
and development. The development of suburban property for resi- 

1Jn the general bond act of September, 1913, by the State of Tennessee the employment of an engineer 

by the county commissioner is made mandatory. In Virginia the law provides that counties building 

roads under a bond issue shall employ an engineer either appointed or approved by the State highway 

commissioner. 

2 For arguments concerning the benefits of good roads cf. Farmers’ Bulletin No, 505, 
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dence purposes is also dependent upon highway conditions and it is 
becoming evident yearly that whatever makes for an increase in rural 
population must be encouraged. Since the introduction of motor 
traffic, country highways have been used to an increasing extent by 
city residents. In fact, the cost of maintaining many country high- 
ways has been greatly increased by the presence of city-owned motor 
vehicles. The general advance in facilities for doing country business 
from town headquarters when roads are improved is no inconsiderable 
factor in the commercial life of the community. 
Examples of county bond-built roads.—The Office of Public 

Roads during the past four years has undertaken a detailed study of 
economic conditions in several counties which have issued bonds for 
highway construction. These studies have involved field work each 
year for from three to five years in the several counties. . The detailed 
results of these studies are embodied in reports which are now on file 
in the office. Sufficient data have been gathered to emphasize and 
illustrate many points brought out by the discussion in the present 
bulletin. 

The locations of the studies were Dinwiddie, Lee, Spotsylvania, and 

Wise Counties, Va.; Dallas County, Ala.; Lauderdale County, Miss.; 

Manatee County, Fla.; and Franklin County, N. Y. Although no 
special field studies were made in Wayne County, Mich., statistics for 
that county have also been compiled. 

TaBLeE 18.—Financial items. 

High Niseda 8 i Nominal Valuat Pane °r ighway | erm in omina Jaluation (valuation in 
County and State. bonds. | years. interest. | year ofissue.| highway 

| bonds. 

$105,000 20 and 30 5 and 6 $3, 661, 897 | 2.84 
440, 000 Serial. dand 54} 3,014, 405 14.59 
183, 000 30 5 11,962, 956 9.32 
960, 000 30 5 11,011, 780 8.71 
250, 000 30 5 2, 450, 000 10. 20 

LD De Sy NI Bsa Sa To ee es 410, 000 30 5 13, 330, 355 3.08 
WANG endale Mis sseeesee cele see ee 350, 000 30 5 and 53 16, 443, 301 2.13 
Idiallid biol ING 63 ga6 SE eee Hee eae Sasee 500, 000 60 | 43 and 5 12, 293, 434 4.07 
INFENY ATO MVE Charney Seuiye tsyahe oye ciete see aseisiat cle 2,000, 000 | Serial. 4 467, 400, 635 43 

11913. 

The total amount of bonds issued by these counties during the years 
1900 to 1913, inclusive, was $5,188,000, and with the exception of 

Lee and Wayne Counties, where the bonds were issued under the 
serial plan, and Franklin County, N. Y., where they are to run for 60 
years, they are straight terminable bonds for 30 years. Table i8 
summarizes the financial items for each county. 

In some instances no preparation has been made for establishing a 
sinking fund to retire bonds at maturity. In several of these counties 
there is no provision whatever for systematic maintenance. In 
Virginia the State law provides that State aid allotted to counties may 
be used for the redemption of bond issues where the roads are built 

ee 



32 BULLETIN 136, U. S. DEPARTMENT OF AGRICULTURE. 

in accordance with the requirements of the State highway commis- 
sioner and under the supervision of his engineers. In four counties 
in Virginia the roads are built under this plan. In Dalias County, 
Ala., the construction of bond-built roads was in charge of the four 
district commissioners and the probate judge. In Manatee County, 
Fla., the roads were built under the supervision of the five district 
county commissioners. In Lauderdale County, Miss., the county 
supervisors appointed a road commission of three members to con- 
struct the roads under the bond issue, and a highway engineer was 
employed and all work done by contract. In Franklin County, N. Y., 
the roads were constructed by the county road commissioners and the 
county superintendent of roads. In Wayne County, Mich., the roads 
were built by the board of county road commissioners, appointed by 
the county board of supervisors. 

The following table shows the mileage and cost of roads constructed 
in each county: 

TABLE 19.— Mileage and cost of roads in nine counties where bonds were issued. 

Per cent | 
+g Average 

A , | Miles of total a 2 
County and State. | built. [mileage in| Kind. Gost ney 

county. | se 

| 

Mpls eA Aaa se sae eee ee ae eee Loy a TOMO} MGTaVele Sx Sans canes ae nee ee $3, 700 
| Den GsClo Vinee cee senee Sea as 1, 650 

IMETIA TCG; Wilds seein e aere a ea 64 12,8: )) Macadam 4 ace. c.2 s-ascaee aa sseeeeee 4, 250 
| Sel 22 out dic stipe oe eee 2, 400 

amderd ale Masses se ss2 2 sees = elas 84 LOSS: |) Macadam lo. cos. se seiseee oe cence 6, 500 
DANCSClAV se soncae Sanaa Bea eee 1,900 

POusylvania, Vao--522.2 eee | 41 10.0 | Gravel and sand-clay................ 2, 200 
(DIT WAC OIG V8) ane be ceteris creepers | 125 25.0 | Gravel and top soil..../........-...- 1,689 
Franklin, N. Y.-..-...--..--2.---. | 124 9.0) Gravel. s- co. sccselesscscenee ee | 2’ 900 

| MaCadnmis 22st enc eh oe eee eee 3, 250 
TBC. Visi tae ere es Vee aoe | 84 TBI2 Nee ee = dOesa=- Se omee nee eiea: eee 7,400 

| Hearth sradedics: --22scecctaeee sees 5, 000 
Wiaise;V acs. 3555.2 5285-.00-c etee| 131 4807) | Macadams 255572. 2 Sic 2. seer eee 8, 000 

| RIE GE OT AGLG Oe eye eee 5, 300 
Wrayme, Michs 223.2: 2. seis cecek 83.5 5S: |PConcrete22232 5. a20- 4 foe eee 13, 200 

1 Surface treated with petroleum asphalt. 2 Highty miles. 

In no one of these counties, with the exception of Detroit, in Wayne 
County, Mich., were there any large cities. The roads were, for the 
most part, constructed as market roads radiating from the main 
market towns in the county, as may be seen from the maps of Plates 
IV, VI, and IX. The economic benefits accruing to the several 
counties from the improvement of the roads are already apparent, 
and in several instances have been extraordinary. (Cf. Pls. V, VII, 
and VIII.) 

In Dallas County, Ala., and Lauderdale County, Miss., cotton is 
the principal crop, although in the latter county lumber is also an 
important commodity. Lumber and ties form, also, the principal 
commodity hauled in Spotsylvania County, Va. In Dinwiddie 
County the principal commodities are tobacco, peanuts, and hay; 
in Lee County farm and dairy products, hardwood, lumber, and coal; 

and in Franklin County, N. Y., milk and miscellaneous farm products. 
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In Manatee County, Fla., the principal crops are citrous fruits and 
early vegetables, which are shipped north. In Wayne County, Mich., 
the city of Detroit is the center of the road system and attracts a very 
large volume of miscellaneous traffic. The estimated annual tonnage 
hauled over the bond-built highways in almost every instance is 
sufficiently large to._produce, by an assumed reduction of a few cents 
per ton-mile in cost, a sufficient operating income to cancel the annual 
interest and retirement fund required by the bonds. The relation of 
these items is summarized in the following table: 

TaBLE 20.—Summary of relation between bond requirements and reduced cost of hauling. 

Appronimate . : 
cost oO quivalent 

petal aunval annualinter- | necessary 
County and State. pepimrmais est and reduction 

minimum, | edemption | (cents per 
* | on highway ton-mile). 

bonds. 

DEES, JN De sstdde se Seca ee Seen SU SaaE Oo AEE eee ABP ee Sore 600, 000 $28, 333 4.7 
IMATIALEO maser esate coef: Hscis nema eiaeice= nie aoa Shee a ee 1 200, 000 17, 342 8.7 
WattdendalenpMiss ee) 202 ce NEEEE Se oe Cail see 720,000 24, 530 3.4 
SPOtsyvaniaMNVamyocce ssa nc nee ememeeiis = 4-2 52.2 cf ae enne ee 574, 720 12, 695 2.2 
IDiGdle): Wel enesn pe Sans 5 be Sec aeuene Hoa eee eNeeen BeOS osae 212, 500 8, 633 4.1 
Idmitd ii, ING Wes ee oeeetenes Gab shee acca cee ae eMeaEe ee a ata 201, 544 25, 544 12.6 
Wel y MOT eMC hie ara cess ya ener en dl saes se ce See ene 4, 353, 966 2179, 882 4.1 

1 Rough estimate. 2 Equivalent for annuity bond. 

The increases in the value of land adjacent to the improved roads 
are especially noteworthy. In Manatee County, Fla., land increased 
in value $20 per acre from 1911 to 1912, and a mile away from the 
road the increase was $10 per acre. In Spotsylvania County, Va., 
land which formerly sold at an average of $24.74 per acre changed 
hands within three years at an average of $44.74. In Dinwiddie 
County, land between 5 and 10 miles from Petersburg advanced on an 
average from $15.25 to $30 in about 15 instances, and land 10 miles 
from town increased, on an average in 16 instances, $16.32 an acre. 
On eight pieces of land in Franklin County, selected at random, there 
was an increase in value of 27.8 per cent after the improved roads 
were built, and in Lee County, Va., land advanced 25 per cent. 

The construction of the bond-built highways in several of the 
counties herein mentioned has been of decided benefit to school attend- 
ance. In Spotsylvania County one consolidated school replaces three 
one-room schools, and another consolidated schoolis planned. In Din- 
widdie County school attendance increased 174 per cent in one year 
on the improved roads, and several school wagons carrying 24 pupils 
each have been put in service. In Lee County school attendance 
along the improved roads shows an average of 71 per cent against 62 
per cent along other roads. In Wise County several successful school 
consolidations have been effected since 1909. The Pole Bridge 
School in this county on the road from Coburn to Wise replaces four 
one-room schools. 

52448°—15 

| 
. 
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STATE HIGHWAY BONDS. 

TABLE 21.—Complete list of State highway bonds. 

| Amount (by years). | Rate 
State. | Year. | (per ( aan How redeemed. 

Voted. Issued. | cent). | ®t): 

Califormiai= £222 452 1910 |!$18,000,000 |..........-- 4 50 | $400,000 annually after July 1, 
| 1917. 

1OV2T Me seene cece $2,000, 000 4 50 
LOU. ee Sees | 3,390,000 =. 50 

Motel 322 agl Ln teee | 18,000,000 | 5,390,000 |.........-|..........| 
| 

Connecticut. -...-.-- | 1907 | 24,500,000 | 1,500,000 34 22 | $205,000 annually. 
gS (02 ia ae eee LUO S000 a tes eI sed 

| 1911 33,000,000 | 2,000,000 4 25 | $120,000 annually. 
| 1913 {33,000,000 | 2,000,000 4 | 25 Do. 

A Moye: alee eiepsard |e eee oes 11055005000") 477,000,000; |nee ese 2s |eee eee 

d Wo P23] oY 0 amen oa es 1905 | 50,000 | 50, 000 4 30 | Sinking fund. 
: 1907 18,000 18, 000 4 20 Do. 

1909 22,000 22,000 4 |10and 20 Do. 
1911 136, 000 136,000 | 4, 44,5 |5,6,10, 20 Do. 
1912 29,000 29,000 | 43and5 20 Do. 
1913 250, 000 | 250, 000 4 20 Do. 

FBO tas ne ae eine e see | 505, 000 505,000 |__._..---- eee tt 

Maine®............. | 1912) 4) 9;000,000)|.- 5. 222222) esse ele eee eee 
TERT ae pee 300, 000 4 40 | $7,500 annually. 

Total. 2222. =. eee | 2,000, 000 S00: O00 ees eseses|\oesees a: oe 

Maryland?......... | 1908 | 5,000,000} 500,000 | 33 15 | Sinking fund. 
LONG Ee ae owes 1,000, 000 34 15 Do. 
1910 | § 1,000,000 1,000,000 |33and 4 15 Do. 
OUR eee ees er 1,250,000 | 3}and 4 15 Do. 
1912 | 3,170,000 | 2,250,000 akan Dee ee: Do. 
HO arte este eee 21046000) | fos 22. Secs l2- 2 oe = 

Topaleeesses eeeseee- | 9S) (0. G00H6;, 640,000) | Soe eae es) eee eee 

Massachusetts ..... 1894 300, 000 300, 000 34 26 Do 
| 1895 400, 000 400,000 34 25 Do 

1896 600, 000 600, 000 34 24 Do. 
1897 $00,000 700, 000 34 30 Do. 
1898 400, 000 300, 000 3 30 Do. 
1899 500, 000 400, 000 3 30 Do. 
1900 500, 000 400, 000 3 30 Do. 
1901 | 500, 000 350, 000 3 30 Do. 
1902 | 500,000 375,000 | 3and 33 30 Do. 
1903 2, 250, 000 400, 000 34 3 Do. 
OOS MH Sates ae 300, 000 34 28 Do. 
1905 Soe ee, oe ae 250, 000 33 25 | $10,000 annually. 
TOG Fie = Sos cea. | 300, 000 33 30 Do. 

1 California.—Proceeds of bond issue to be expended on a continuous and connected State highway 
system running north and south through the State, traversing the Sacramento and San Joaquin Valleys 
and along the Pacific coast, by the most direct and practicable routes, connecting the county seats of the 
several counties through which it passes, together with such branch roads as may be necessary to con- 
nect therewith the several county seats lying east and west of such State highway. No limitation on 
annual expenditure. 

2 Connecticut.—To be expended during the six fiscal years ending Sept. 30, 1913. Bonds to be paid in 
22 annual installments by appropriation from general fund. 

3 $1,000,000 for improvement of public roads; $2,000,000 for improvement of trunk-line roads. The 1911 
and 1913 bond issues mature in 1936, but may be redeemed by the State treasurer whenever andin such 
manner as he deems to be for the best interest of the State: They are not specifically known as road 
bonds; but the 1911 highway appropriation was specifically designated, by the legislature to be from 
the proceeds of the 36, 000 ,000 State issue of bonds. The 1913 appropriation is made from the treasury, 
while the treasurer is, in a special act, authorized and instructed to issue $4,000,000 additional bonds to 
meet the needs of the State. 

¢ For trunk-line roads only. 
5 Idaho.—For various pay and bridges specified in the act authorizing each bond issue, except $200,000 

in 1913, which is expended under State highway commission. 
6 Maine.—Not to exceed $2,000,000 shall be outstanding at any one time. To be expended in the con- 

struction of State highways, the whole cost to be paid by State, except where a town may desire the joint 
State-aid fund to be appHed on State highway. 

7 Maryland.—For State roads. 
8 Not to exceed $250,000 to be issued in any one year, beginning Jan. 1, 1911. 
8To be issued in amounts of not less than $500,000 at a time upon request of the State roads commis- 

sion. Rate of interest to be fixed by the governor, the comptroller of the treasury, and the State treasurer. 

34 
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TaBLE 21.—Complete list of State highway bonds—Continued. 

Amount (by years). Rate 
Term DS How red dd. State. Year. Samal oral ee (years) ow redeemec 

Massachusetts ....- 1907 | $2,500,000 $360, 000 3h 30 | $12,000 annually. 
L908)" [Pee e eae ee 495, 000 34 30 | $16,500 annually. 
1909) Meee ease 380,000 | 3 and 33 10-30 | $220,000 deferred serial, 1920- 

1939. 
1910b eee 285,000 3h 10-30 | $180,000 deferred serial, 1920- 

1939. 
HOT EY he co ee 310,000 3h 10-30 | $200,000 deferred serial, 1921- 

1940. 
1912 5,000,000 435,000 34 10-30 | All but $175,000 deferred serial. 
1913 1 115,000 1,110,000 Sai Ree en eee Serial. 

Motalvasstyy fs|secc 2: 145365; 000!) 85450%000h Beer oe ees cee tae 

New Hampshire...| 1909 | 21,000,000 |............|.......... [iat tiene ce 
GHD) le sSekaodsaac 25050007) Siand'3s js... -..-- Deferred serial, 1914-1917. 
Who ie el eee Ce 250, 000 Bu iltes hese Deferred seria], 1917-1921. 
IPA in Bea oe 250, 000 Bi ee ees eee Deferred serial, 1921-1924. 
1913 3 300,000 4 250,000 Spe Severe 

Mo taletesee sie | Eee ae 13003000), 515 000X000) tiara teens lesen a= 

New Mexico 5.....-| 1912 500;000))S522 5522 226 | Aa em te Br ote 

PRO Caley se Poe a tS 500, 000 (6) |opesceeradios2segesee 

New (Yorke. 2.3.2) 19067 W750:000{000 |B esse tee see eee ene | Sinking fund 
MOO (ies ee etree ol 1,000,000 | 3 50 Do. 
L908) 32ers co 5,000, 000 4 | 50 Do. 
iMG). | eae sel 5,000, 000 4 | 50 Do. 
AQUOS SS. eee eee he 5,000, 000 4 50 Do. 
TOD Tin Beene c= 10,000, 000 4 | 50 Do. 
1912 | 850,000,000; 8,000,000 (Aies| 50 Do. 
1913 16, 000, 000 4h 50 |\Dated Sept. 1, 1913; sold Jan. 

CUR ROR OTE Se \ 5,000, 000 44 50 |\f 14, 1914. 
— | 

Hp talesene ss ko. 11005000, 000))|'55;000,000;): 22 emul a4 2: | 

Rhode Island.....- 1906 6004000) bebe e see | 3 | 30 | Sinking fund. 
1909 GOOKOCON Be 222 eee 34 30 Do. 
1912 LOG OOKOOO) hess ee es 4 30 Do. 

Mota ees a|uee we aw 1,800,000 | 1,800,000 |.........- | See eae 
| | 

(Witaheses a est Toul. | Palo, iy ees | 4 23 | Deferred serial, 1922-1934. 

Total eer 260,000 | 260,000 |......---- ey eee . \ 

Washington }2______ 1911 190, 000 125, 000 | 4 | 12 | Paid from State highway fund. 

Motaleeete ake oe 190, 000 1253 000i | Seen See ee | 

Motalseeeee es ci! > 158,590,000 | 88,476,000 |......---- acne. 2 | 

1 Massachusetts—Authorized for special State roads by legislature, 1913. 
2 New Hampshire.—Not to exceed $250,000 to be issued in any one year, and the proceeds to be used 

exclusively for State aid in the construction of the three trunk lines to be designated by the governor and 
council from the Massachusetts State line in a northerly direction. 

3 dior be used for State aid in constructing trunk-line highway to be designated by the governor and 
council, 

4 Not sold Dec. 1, 1913. i | 
5» New Mexico.—These bonds shall be in denominations of $1,000, numbered 1 to 500, the first 20 of which 

shall be payable on Jan. 1, 1919, and 20 of said bonds, in consecutive numerical order, shall be due and 
payable on July 1 annually thereafter until and including July 1, 1942. The proceeds are to be expended 
for the construction and maintenance of a system of State highways. 

6 Bonds not sold Dee. 31, 1913. ; 
7 New York.—These bonds were to be issued in two classes, to be known as A and B. Class A is coupon 

or registered, and redeemable from a State sinking fund, while Class B bonds were to be registered and 
redeemable from a redemption fund provided by the counties and towns wherein the proceeds thereof 
should be applied tc the improvement of highways. > 

8 The act of the legislature authorizing this issue of bonds was ratified and rendered operative by vote 
of the people at the general election, November, 1912. Of the proceeds. $20,000,000 shall be devoted to 
State highways, to be built at sole cost of the State, and $30,000,000 to county highways, to be built at joint 
expense of State and county. 

9 Rhode Island.—$200.000 to be issued before Jan. 1, 1907, and the balance on or before Jan. 1, 1908; the 
proceeds to be used in building a system of State roads under the direction of the State board of public 
roads. 

10 To be used for construction, reconstruction, and maintenance. 
11 Utah.—The proceeds to be divided equally among the counties of the State, exclusive of Salt Lake 

County, to be used in the construction and maintenance of State roads and bridges therein. Bonds 
dated July 1. 1911. 

12 Washington.—For purchase of bridge across the Columbia River at Wenatchee, 
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STATE BOND ISSUES DEFEATED. 

Colorado.—The proposition to issue $10,000,000 in State bonds for 
_ roads was submitted to the people of Colorado at the general election 
in November, 1912, and was defeated. The proposition can not be 

again submitted to the people within a few years. 
Ohio.—At the general election in November, 1912, there was sub- 

mitted to a vote of the people of Ohio a proposition to issue $50,000,000 
in State bonds to construct a system of intercounty highways. The 
vote on this proposition numbered about three-quarters of a million, 
and the bond issue was defeated by 2,017. One remarkable fact in 
connection with this vote was that the cities of the State gave sub- 
stantial majorities for the bond issue, while the rural vote was 
substantially against it, and to such an extent as to overcome the 
city majority, although about 80 per cent of the taxes which would 
have been levied to take care of the interest and sinking fund of the 
bonds would have been paid by the cities. 

Rhode Island.—On June 3, 1913, a special election was held in the 
State of Rhode Island on the issuance of $700,000 of State bonds for 
the purpose of completing a system of State roads. At this election 
only about 14 per cent of the voters of the State attended the polls, 
and the proposition was overwhelmingly defeated. 
Pennsylvania.—On November 3, 1913, at a general election a pro- 

posed issue of $50,000,000 in highway bonds was defeated, although 
the proposition carried in Philadelphia and Pittsburgh. 



APPENDIX B. 

APPROXIMATE LISTS OF COUNTY AND DISTRICT HIGHWAY AND BRIDGE BONDS; 

TOWNSHIP HIGHWAY AND BRIDGE BONDS; COUNTY, DISTRICT, AND TOWNSHIP 

HIGHWAY AND BRIDGE BONDS VOTED IN 1912 AND 1913; COUNTIES, DISTRICTS, 

BEATS, AND TOWNSHIPS GIVING COMPLETE MILEAGE RETURNS OF ROADS BUILT 

UNDER BOND ISSUES; TOWNSHIPS AND TOWNS GIVING COMPLETE MILEAGE 

-RETURNS OF ROADS BUILT UNDER BOND ISSUES; SUMMARY OF ALL HIGHWAY 

AND BRIDGE BONDS VOTED TO JANUARY 1, 1914. 

TaBLE 22.—County and district highway and bridge bonds." 

ALABAMA. 

Teas { 

Total Rotaliaas| 
Counties and amount | nem Interest Counties and Amount Fem Inter- 

districts. voted to | Joars rate. districts. voted to | years, strate. 
Jans talgi4.| 7 Cats: Jan. 1, 1914.| ats: 

| | Perce: | Per ct. 
NCAT Seba laj ae sce ese =) $65, 000 30 5 Limestone.:...:--..- $135, 008 30 44 
PB TounG ea eer a 150, 000 30 5 Mia disonesese se eeee di O00N Bees: 5 
Bock era | 160, 000 30 5 Marion egos meres 100, 000 20 | 5 
IB WitleT eee te ee | LSS AOOOM Boece ee |= -i ee Marshalls 3 sss eae 130, 000 30 5 
Colbert ts | 200,000 | 30-35 5 EMC bileweee a serene nae 500, 000 20 5 
Conecuhss2— =... -=-- ZOOSO00S Peeters alte see Montgomery. -.---.--- 85050008 Pee eree 44-5 
Grenshawe nos. 25. THB N00) 5 egestas Bataetee Morgan 240, 000 30 5 
Malas 2ies se. We shee 410, 000 30 5 Perry 126, 000 30 5 
BT OTe Sees ee: 170, 000 30 5 Pike... 192" 000 E saee one 44 
Bscambia?_--- 24350100) | Seoedoee 54 || Russell 100, 000 30 | 5 
SiO. sechoGenseeeeeEee HOOZOOON Ee Stereo oe. ae8 St. Clair 85, 000 30 | 5 \ 
JACKSOME aseneet aos. ZOOS OOOR| erste ster l= ee rciee Sumter 120, 000 20 | 5 } 
Meftersomeee! 22027 H 200, 000 30 | 6-5-6 : | | 
Wawrences.. . 22... - 123, 000 30 6 Bei 21 500) |e oaee == HaSenmen 
GOS see ee | 25, 000 30 42 | 

ARIZONA. i} 

| (since 
ISmachemaeue tes kes E B{OA010)8| eee 5 | Maricopa—Con. 
Greenlee: Duncan‘... AGHOOOH S28 se 6 || Special road dis- 
Maricopa: | CLIC ti Dee ee ae $40, 000 20 | 6 
Phoenix (city)5...-. 60, 000 20 5 | Mohaviesn eats 1000008 (eee eee 5 il 
Mesa (city)5........ 2,000 20 5h | eau ae eae Eee ae S00 K 000K Mee enamel seereees | 
Special road dis- 
ERictileme nS eas 30,000 | (8) 6 || Motaleies SOS 0008 Saeeenee | Soke eee 

Special road dis- i] 
eric tplepesc ese 30, 000 20 6 | 

ARKANSAS. 

iBentoneeeese eee. -5 $2,815 12 | Bu ee Montgomery......... | $10, 000 ete | nia fe a 
@rawford@ren seo NTA! OO00n| eecn eis peonA ne Sebastian: Ft. Smith3 GOOKO00s Ease aes |aeeeees 
JEfersOnm sews ose = se 45, 500 13 | 6 || Woodruff: District 1-. 30, 000 20 6 
Ie nee Oe See 151000) eee: teeetee ee | - 
WOnOkien ns lyst 205, 000 | 20 | 5 Motels se eel 2186315 | Beet a iene: 

1 Tn 21 States highway and bridge bonds have also been issued by townships. See list following. 
2 Includes $60,000 of bridge bonds. 
3 Bridge bonds only. 
4 Bridge. f 
; Be cover partial cost of improvement of Phoenix to Roosevelt Dam road. 

erial. 

qo ~J 
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TaBLE 22.—County and district highway and bridge bonds—Continued. 

CALIFORNIA. 

Total | Total 
Term Term 

. . amount Interest e2 amount Interest 
Counties voted to pte | rate. Counties. voted to te rate. 

(Jan, 0 1914.) =| Jan.1,1914.| - : 
: | 

Per ct. Per ct 
PA IMC see nays cere tie $4,800 |........ | 5 Riverside. s==225 2 $1; 500/000 |e2ceeeeslecee ee 
Contra Costa......-.. | 300,000 |......., eee eee Sacramento3......... 825, 000 240 44 
Bresnot -.222s.ccss ee: 80,000 |........ | 6 San Diego...-.....-.- 1, 250, 000 40 43 
(Glennie 7 eee ee ees 450,000) (2) 5 San Joaquin..........| 1,850,000 40 5 
Jeli bb aol] XO] Ghee ees | 15, 000 20 7-9 San Mateo........... 1,298, 000 |7-10-40 5 
SCYTine oe B26 5 cee eee 2, 500, 000 25 5 Santa Barbara. .._. eal 290, 000 20 6 
ake # eee ee so. a 20; 000) |as.. 2 e 5 MehamMaecass 22h sy 35000). |2aeeeee 6 
Los Angeles........-.. | 3,900, 000 40 43 || Ventural...........-- 275,000'|-2.-.22. 5 
OVEN SOUS oe eee eee eee 15370/0002|22.22.2- | 5 
PIMMaS 25225. 22<2555- 100, 000 10-25 4 Motalvns2 ss a< LGy 6305 800)| 23 2eeees| seers 

| 

COLORADO. 

Total | 
f a amount Term of | Interest 
Counties. voted to | years. rate. 

Jan. 1, 1914. 

Per ct. 
1 YY i pees eae es a py a ee lid OR ee I Tce are Bil, (00) | acececcee 5 
Gia iclhs pagan ieh een Peet teen Oe ee ie OG ene ae Q8¥000) eens eee 6 
PATI MH TIO ES Fe cere LE ei eee oe aye mae eye here oe eee oe a eee 30; 000/25 a222222 6 

Noy 2A nae es ai UR eae CS ho ee ear oe rater eee ae 154) 7004]: sane | ere 

DELAWARE. 

Total | Total 
Counties and amount ag Interest Counties and amount oe Interest 

districts. voted to ears. | Tate. districts. voted to GS rate. 
Jan, Ue1914 0224s: Jans 1.19140 |) cats 

| | 

| Peeler CLs Per ct 
INeniiseeserectt ees $30, 000 20 5 Districts 1-10.......-.- $50, 000 5-11 4 
New Castle.........--) 41,285,000 | 20-51 ; 442-5 
STiscoxu see a hee 30,000 | 5-24 | 43 Motel sees. 2. =| 21805; 000) sae eens 

FLORIDA 

MIB CHUA so seas. fos $40; 000; |-5.ssee5 2 |e INSSSAUE Le eos tooo $180;000))| oe ane es 
Bradford: Hampton. . 25, 000 20 6 \}| Orange. :. 22222-2225. 800, 000 30 | 5 
Clave ee ene dene 1505000) |2.225.22|-22 eee cent | eens GAC Neots 345, 000 30 43 
Coliimbig+22552 3.2.52 AND O00) |e. c2- = 6 PASCO SS ee acess) ee 150, 000 30 | 5 
ID ENG Uc Senay ace gee ee 250, 000 20 5 PImoll asian. eesseces 370, 000 30 | 5 
1D Gs SOLOss see ee 200,000) soa e 2-5 tee aa = Polk: Winterhaven. . 1304000) | 2 eases eee 
TD diy alee eee tee oe 1,050, 000 25 5 PUG eee ee £59;000)|--22e2ee 5 
rani kslane 2 eect ota 20, 000 20 ALA bed OUT etesee ance se @O; OOO 8 areolar 
Hernando... .-- oe 300, 000 30 5 Dt dullClésessseeees eee 200;000"|22=2- 222 eee oe 
Hillsborough... .-..-..-- 1, 400, 000 30 5 Seminole...........-. | 200; 000':|-2 Sete = eee eee 
Holmes: 1 district... - 40, 000 30 O) A WESLLDON wee atest era 70, 000 20 | 6 
JACKSON eae n eee 300, 000 30 4 | 
IDE Nesp oats eek ae 500,000 | 2 15-30 5 Motalesse. 22805) 71295, 000s|_ ase [peeretra 
Manatees ..22.-22c2s25% 250,000 | 30 5 | 

GEORGIA. 

BensHille cs 22.2 snes _ $75,000 |......-. | 5: Miller. 2ece = — $48,000) |. 2 sees eno eee 
BleGl6y.oos.2 oa SO00:|fevene ee lees toe Spalding............. TO} 00032 e eee | eee 
Clarke.............-..| 100,000 |........ | 4|| Towns............... £000: fetnente ee 
Colquitt... se .cseec- AQO: O00; |e. o2.ce- e522 ee PST OW Ds te cee seeee 200;000 |-- 22222. |2 2225 ee 
Gordon. .ceises tense SOOO s isec =| eecers cee fi bh wa) opera eee 20,000 |.2222222 5 
IamCockss- 22snceecey 51, 000 30 5 
WGaUreNS 2s 5-2 Sachs 5. | 202; 000#|<5= se2c- | 5 Motal< 222s. 1 1763000 |. 2s s2se2 eens 
Marion: ccz22 224-5. - 00; 000. |eeee ee alae eee 

1 Bridge bonds only. 3 Bridge bonds, $225,000. 
2 Serial. 4 Of this amount $275,000 was for bridges. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

IDAHO. 

Total Total 
Counties and amount cen Interest Counties and amount oe ‘Interest 

districts. voted to e rate. districts. voted to EAS rate. 
Jan.1,1914.| Yeats: Jan. 1,1914.| ¥ 

Penct Per ct 
ANGIE. Gone oe eee $234,484 | 10-20 43-5 K<QOteNaIeen ee see $8a5 OM s sos once ue eteoets 
iBeamsWakesn- 2-2-2: 45, 000 4 Seema elet COL ys eee ee says 130,000 | 10-20 6 
IB OISCHeeee ae dek ee 70, 000 20s Eee Oneida: Districts 1-3. LOO) Wecooctce 5 
Camyjonee menace sce 1198, 782 | 10-20 4-5 Piya Hall swe ee ee 3 100,000 | 10-20 54 
Custer sagas ss UK OOO seosoae 6 Washington ?.._...-.- 6S 5008 easee see 6 
Fremont: District 1-. 120,000 | 10-20 6 
Goodings--5-e Bete 1605000) | 252.2. sleoeeeeee Totales seers lege 221 S37 | oes ae a eae 

ILLINOIS. 

Edwards: District 3-. $3, 000 2 6 Wralbashtes 2s sees $12, 000 55 5 
JACKSOMAS essen as set 36, 320 1-20 4h | 
Peoniatier es sss asce SY (U00) | Basaran Batcaoge Motaleree eases 42053203 | Seeeesoe a= cee 
St. Clair: Centerviile 
DIStrIC tame sae eee 49, 000 5 20 5 

INDIANA. 

/\Gbyiis Se aeseasenee $151, 550 10 4% ||, Marshalls 9252... $86, 400 15 43 
PN Toree en teen 53, 840 10 423i Martineesnen a lieas SONGS Te) Meneses 4h 
Bartholomew... ..--- 365, 572 10 4S iba] | Mini ern te eee eee ae 636,656 | 10-20 44 
TS Ye OA aa -_.| 223, 260 10 43)||Monrocs nese seen 3154000) [eee eee 
Carrolliseeei nee zens 805,000" |se-5--2 = 4-6 Montgomery..-.--..-- DOB ies | crete ays | Meson eee 
Cassteeaacaee ects Gt 7c) Bedosnea SaAneeeer Morgane eassasace oe 341, 200 10 4h 

Districts 1=3 5-202 52 112, 425 10 4% || Newton.........-----| GiA021%) | Seaaee |aaeee eee 
Clarkes ey sees ae ee! Ole ZEON eroee ties |scisis eee Ohig eee ass Reese ss | 74, 000 10 5 
layers ke sts 73, 80U 10 42°) Oweneaysst sae ce oens 199, 693 20 44 
Crawford ees 2 ae AG} 000i |S eeoes Ae PARA KOM: ve ecestncm ces S90 R996 Ngee hel eeranepees 
IDEN ACS, a ee Sees 90, 000 10 44 || Porter: Districts 1-3.| 1,055,880] 10-20 43-5 
Dearbormerees. ease: 232, 272 1-20 44 || Posey: Districts 1-3... GAS S244 usta see 43-6 
Deca bursa seeeee ae 763,880 | 10-15 45. )|) Putnam es 2s. ye BE SOOT ee oe aes eres 
Melawaress ao. Uae 100,000 | 10-20 4h Districts 1-3. 22... 58, 689 10 4h 
IDO. Se Sana eaas LOGSO4 Ol eee (eos = see Rand olpheetss=-taase Zi NSN see eee ee 5 
ENO Soassseeaeees 53, 610 10 43) eRipleyedaceeme eee: == F110 00)0) 44 
HOUT Taine ees see ssc 137, 96 10 445))) WOES ieee asetee sea 489,000 | 10-20 445 
iranklinwee eb ee 11MO00) |eeeeee 34-5 || St. Joseph6..........| 523, 200 10 4h 
INDIO OG, caacdecen sar 50, 000 20 Ads | Shel yge sees esas se 144, 425 20 43-6 
Gibsons ae Us 77, 300 10 42 ie Spencensene. coke ster. ler LOS O00; Fea. eee | 34 
GTEC Oe se een 42, 499 10 BE GUS DATO tigers yeas Ween alee | 41, 000 10 4h 
ancockseeeeeun es BEN 821. COO 1-10 43-5 Sulliveanties eee sul 80, 982 10 44 
ELArriSOne sae see 43, 220 20 4% || Switzerland.......... DUO E22] a eck |h ieebaeeans 
Henrys hess eS AA 269M Coors soe S Tippecanoe 6_...._..-. 260, 000 10 43 
Huntington:.......-.- 341, 932 10 44 || Tipton: Districts 1-3. 673, 140 10 44 
Jacksons esos eee 9 29, 640 10 ||| Wh allero oe So cenebecas GOHOGON | faaeeeas | See ses 
Jasper: eesescess sees LTS OOR Seeree ere | eemocisne Vanderburg.....-.--- 266, 196 10 4h 
VAVeee cas acmeeee eee 50, 370 10 At) | Vermilion asses neal 462!800) Sa e.ee- 4-44 
Wetlersonise seas ese se 113, 525 20 AX iG E Obi rertstse loti era SO5eO000) | ae ene 4. 
UENMIN GS eee se ease 69, 300 10 43-5 IMWalbashe ae a eevee 145, 320 10 44 
TI OK ase 189, 360 10 44 || Wayne..........222. 88, 200 10 4. 
Koseiuskos 2-5-2222 LAA () | rarer ase a epee tere Bd Well seed hone eee DATO Ms | bekcia cece hase eae 
WADOLLOyS = cease oe8 949, 640 20 POA AKAOIC Soe coeeaeesr. 513, 000 10 44 
Wamvnencene ss. s22 22 SB, O00) |e coSaadletecceos IWiliGle ya yee ee eee BE 369) hese oes [ye ane 
Madisonssse---s 50-1 - 45, 000 10 43 - 
WR OWES So ss HS peeBebe 101,378,000 | 10-20 |34-43-5 Motaleeessheae 18507250400) | Sees ses see 

1 Bridge bonds $151,162. 7 Bridge bonds $30,000. 
2 Bridge bonds. 8 Bridge bonds $25,000. 
8 $50,000 for bridges. 9 Bridge bonds $15,000. 
4 Bridge. 10 Bridge bonds $200,000. 
5 Serial. 1 Outstanding. 
6 Bridge bonds only. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

IOWA. 

Total ; Total 
Counties and amount Can Interest Counties and amount a Interest 

districts. voted to Feat rate. |) districts. voted to ears. | Tate. 
Jan. 1,1914.| Years | Jan.1,1914.| 7 

Per ct: |} Per ct 
VGAMNSs ho. 2 kt Rees Pi INO P12 fee eer eee [PLowail s2.25 se teresacee $50 000) | oc ee el penises 
Allamakee!........-- 2A SOOO oe mec erect tees = 2c Jackson 2: 222. sees 137,000 20 4-5 
ATLOUDON see 42000 Nee tone alto ee te eossuth ts s-cos- e228 7 137, 738 6-14 43 
Blackhawk .....----- SA 2 2G iil etererera =: Ste| es reicsoe ce 2 TOG eee satis neces 50,000) 2c seroiccre|scrsceetne 
BOON GS se ee cea emee 60, 450 12 44 TICHS Ee eee eee ol G00) Peeeeeee 44 
Buchanan....-- SAD OS Tiles.c 2 25|peeaeaee Madisont2=..-4225--2- 45,000 3-17 44-5 
Buena Vista......--. ANITA) (al eres ae | ene Mahaska......-.---.- U7 000) eae 4} 
Calhoun 1....-......- 4050003) Sees 5-eecses ee Marionie os ce -seee 107,000 | 10-20 4-44 
Carrollysss2 22s 2: 40;000)|--2- <<<. 4 Mills de 2242 25cm seca 27,0003| Soeenees hoe 
CaS lene ats yaaa 4162,066 |.---...- 4-401) Palo Alt0.<2s25 scence 4000) | 2s 2251521 aescrciae 
Cedar. 22 cs ices<- 8c Da sO00 i 3in o oreo tee Plymouth sop 22-2. 20; 000!|2- 2s 2eee 
Cherokee:.-.2.:-.-+-. Ail 01010) eos eee oe 15,0) eae aera ne eae 121990042 co sese 33-5 
Clarke Sen See hence TOSOO0) a acecstellaearte = Pottawattamie.....-. 837,290 tie 222 2s) a deleiretcis 
(Clinton Yate eee see. Of000) oes Ae, | OAC Le sergececeeeeene 255000) seetee eee 
Crawford........-. 5OF000) peseee ss |baomess Shelby ts2se.--225-5. 28; 0923 |e a ecace| eee nae 
TONE NSE Se eee eae GESOO OME aes oe! eres WWMODE ee ceoe es 96,000 |-2 225-2 4-43-5 
1D ya eee eee ae 47,000! |acesen.- 4% || Van Buren........... 109,000: | 2222222 43 
WeCHWUTS 4.525 essen 197000 se eece-: 4% || Wapellot..22.22. 45: OT 000. | 2a ne leeececes 
Delaware......--..-. S26 Nee eo Sees a= Warren to. 5232.42.22 163,000 20 4 
Des Moines......-.--- HOFOOO Wee ee a5o2| ease ces Winneshiek.......-.-- $160; 000) |eo-2 ool aeeeeree 
Dickinson !........-- LO POO) sree ae |e Woodbury !........-- 9°69; 748 |i 2 =o woeee 
Dubuque..........-- BIO EROO} | iene ane |e Wright...........:.-- 10149,452| 9-15] 434-5 
Fayette l............. 555,352 |........ 4} —_____- 
Inia) 0 eee eae ae Bia Sh) (Sac seal sean Potalge22 3-222|}) 4,006 314) |b seeee | oeee ee 
Eremlont to. 32... 2.1 § 137, 806 20 43-5 

KANSAS. 

BOUL DOMe= == asso. bas AO) | eee ie Wh eilor0 Bag ee es ere $6,000 | 5-9-11 6 
Cloud. s222tecns neste: VB IG15: | assis spaltal| ee ce Pawnee to... 2..e25:4 85000" |/22 222222 43-5 
Douglas............-- 60.500i| ss 22252 | A2)|\) ROMO semen ae sansa se 12800) | -2-- see 6 
Edwards! .......... 20,000 |........ pe oe Sedgwick............ 101) 550 10 5 
Geary. aera ss. se S65 150)| eee 4 || Wyandotte...........| 12695,000 | 20-30 44 
Gia vara sees see BD O00n | eseeeees | 6 ——_—_____ 
Hamilton! .........- 31,000 25 | 4 Motaleeesseese: 113253 755 cos eeme | eee eee 
ONMSOM? teeta ote ee 84,000 |5.22.....<- | 5 

| 

KENTUCKY. 

DS Gl ear eee Sosa s OO OOQ.| eerste tre'l serie Sete Ma disoneas= = see 2a. $705 0005 See es eee 
BOylOle 2 2222-22 aeene 4000") oreces- 45) MAS OME ee ee 60,000 | oan 2:2 S3\eec eee 
Bullitts 2 sae pcces 5020002 os: 5 || Montgomery....-.-...- 29000 | oo222- ee |= settee 
OF NG 0) Ls eee a eee 405672 | sence 25 4-5-6 || Nicholas: Districts : 
(Christianese cee ae: 2025000; |aae sees. LSet eee 1 ee seer ae 40,000 25 4 
Glan es nace sett GOF000! jee 252 OhiOs ees =s.eeee 30;,000)|/2222c2- = 4 
Wrankinesas2ss.e.55 PIO OO | eee [LO Were ao eeeee TO} 000% eee sec 5 
Gallatinvs2- 25-25-42. rife etal 00) |e eee Pendleton...........- 175y 000 se eseee= 43-5-6 
Garrard] -se. ce - saosin oo U00Me= staan TVObeLiSOMe see eee 10, 400 5-8 
Grantee oases ao OO; 000) eae = 2-6) |i OCObUsc scence s eee 196000) Sees ee 4-5 
iiarisonea2 - acses<t Ole DOOM meee eer! TUN eees 5e ae ese 120; 000): 528 ssleeste come 
1 cy} 0) 0 ok ae ee 1979100, |S eee) ses ae Woodford 252.2 eeee.= 17; D0 OWE oases | Soccer 
ISG Wisteeseeeeecee ante O5200i|- seesces| esses a 
[stn COMI 2 eee 22000 tee aes ee Total 170953120 |peeon ses | aoe see 

1 Bridge bonds only 
2 Includes $16,298 outstanding warrants. 
8 Outstanding bridge warrants. 
4 Includes $4,060 outstanding bridge warrants. 
5 Includes $5,352 outstanding bridge warrants. 
6 Includes $8,806 outstanding bridge warrants. 
7 Includes $60,788 outstanding bridge warrants. 
8 Includes $65,000 outstanding bridge warrants. 
9 Includes $20,748 outstanding bridge warrants. 

10 Includes $54,452 outstanding bridge warrants. 
1 County officials may issue bonds to pay accumulated outstanding warrants and the above list for the 

most part represents such funded warrants, all for bridges. 
interest at 4, 44, and 5 per cent. 

12 Bridge bonds $100,000. 

It is customary to pay, in most instances, 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

LOUISIANA. 

Total Total 
Parishes! and amount tom Interest Parishes and amount ven Interest 

districts. voted to o rate. districts. voted to cans rate. 
Jan. 1,1914.| Yeats: Jansiigi4s| yeas. 

Per ct. Per ct. 
Assumption......-.-- $86, 000 10 5 $200;|000);| 2-26 elaine 
BOSSIEN Sareea ne-eiee 175, 000 1-40 5 75, 000 25 5 
@alcasieuyaee ye ee 900, 000 25 5 GOS OOO) | Ber eietre|| emer 
IDO SOWOs4 snob esoeseas 60, 000 10 5 
East Baton Rouge -.- 22, 000 10 5 75, 000 30 5 

Districtleceseseetee 15, 000 20 5 AT OOO} | she Seems 
Hramklines = {Seu cee VG OU 4 oe soe 5 116, 597 2-4 5 
MD OnIASE eeses eee a 70, 000 10 5 
Iberville: Districts 1, otal yee) RRA tee) |e secensrllsasaaoss 

fy Bal @ Sessa eaake 14,329 1-10 5 

MARYLAND. 

Total Total 
Counties and amount ie Interest | Counties and amount ree Interest 

districts. voted to coins rate. | districts. voted to ORHS rate. 
Jan. 1,1914.| Y°"S- Tansteion4.)|7/9/Cans: 

| 

| Per ct. Per ct. 
Allevanyenc. 2522-5. $10, 000 24 5) |Keenti2.2 2 sens. cee $10,000 |....-..- § 
Anne Arundel......-. ST 000) ie. <se - 5 || Montgomery.-......-.- 144, 500 25 44 
Caliverti2=ee Sosa sce: 35000) ese <r1- = 5 || Prince Georges... -...- 16, 000 30 5 
Caroline.........--. =e 50, 000 20 5 || Queen Annes......-- G35000i |e. so \eeeeeeee 
WEC ieee NE tae: 100,000 |........ il |Ralbo Geese tes a eae S7TAO00)) | se sane Coenen 
Wharleseeee ses cee a LOXO008) 2-22 -<2- Sule WiOrCester. = - 25-2 100, 000 25 5 
Dorchester...-------- 438000 eee: 4 
IMred erick: se -)s)--1\-- 127,000 | 15-30 44 Totals seer 7505003) sateen |e sees 

MASSACHUSETTS. | 
ft 
i 

Barnstable 2.......--- CIE (UI) |e aaeec se baseaese Norfolk? cue 257 $50,000 | (3) 4.92 } 
Berkshire.......----- 5, 000 1-2 42 || Plymouth ?.......... 2040008 esos: 4 ' 
IBTIStOl ee eee erie, =) 7,000 1-3 43 
INSSOK eee esi cee eso 661,000 |..-....- 33-4 Motali joer ras IRE) Basan jscesonae i 
Nantucket.....--..-- 56, 000 5 4 

i 
MICHIGAN. 

| 
UAT Yq) ws Si ss ene fae S1501000; (ee eee sale ee oa Mackinacieeeaase+-.- $100,000 | 10-26 5 i 
Aponte ae ye ules 100, 000 20 5 Manistee 2..........-- S2NOOO Heresy tererreece b 
ID ATAS aes eee ae a)-|- = 40,000 |...--.-- 6) ||) Masonic Sas NCO 00) Be aeaheas|soeceaus i 
Baye en Q5oSC OO emer ie in Menominee.......... OKO eee |eeee nen y 
Berrien 25 22. 24: 500, 000 15° 4 Midland eee. ss ceee 56, 000 15 5 f 
Deltas sae seas G24 500), | acacia |ise saree Muskegon 2........-- 25, 000 15 43 
MMII tae sae 220s 000N Sezer eerie ioe isis Ontonagon.........-- 38, 000 10 5 i 
Genesee....--.------- 700,000 | 10-20 43-21 KOtta waite cee seeaeee 6005000) Peeeeessleeeeeene 1a 
Gogebicusn ses 5.2 150, 000 10 4% || Schooleraft..........- 40 (0008 Ses ance 5 
Houghton.......-..-- 30,000 |......-- 6 || AWiaynie see eee 2, 000, 000 15 4 
Ingham......- SaaS ESE G3ECO2b Reser leeiecin Wexford sere ene 500004 escent ian eee i 
WOMIACE tect sje se: 200000 ete 2 Es sors. 
TTOM Sh eee chet ee 160;000) 222-225 5 Totaleawecee ss GrSS2e1 525 eerste ters | eee see 
Kents2s: =): one, 735, 000 20 43 

MINNESOTA. 

PA Geis 2b ee ey nclsas $16,000 |.-...--. 6 ake one eee sie Neem os $20, 000 4 6 
PATIO cay 2 ews Se os Se lhe 40000) ee cie 4 || Mahnomen........... 5, 000 20 4 
Beltramibasaes sss 631, 350 20 4 Ram Soy 2a gee ee ae 75, 000 30 43 
COOkeea eae scene (ORONO): ||SSecqacsllocassore Sta Lowiss eeereee: SX00F (0010) Ne Se sp secladooopes 
Crow Wing ?......... 50;'000)) a 2- 6 Winona s33 eee 50, 000 5-7 5 
Hennepin..........--. 110, 000 30 44 
aS Cae aes eeeveec teas 31, 000 20 5 Total teseon ee IL Beep owe) odgcdca loadacoss 

1 Parishes are equivalent to counties. 2 Bridge bonds only. 3 Nine months. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

MISSISSIPPI. 

Total Total 
Counties, beats,'and | amount a Interest | Counties, beats, and amount ae Interest 

districts. voted to ecg rate. districts. voted to v rate. 
Tam 1)1914))) ets: Tam. 1 1014.) cats: 

Per ct. Per ct. 
AGAINSEo see eee sae see LOO; O00 |escee cae |b een eee WeCHOres:c2sene ccc lee $300, 000 20 5 
ANGOTIas. essen = oes 95,000 |......-- a AN COM = <2cc— cers sce 200, 000 25 5 
PACD Celene & 2a ease 50, 000 25 5 Lowndes: Beat 2...-. 50,000 | 10-20 5 
Benton (2 2 secectee- GlO00: |S oa. Seite e aes Marshall. .......-..-. 20) 000K eeeeeeee a 
1 Olive ee eee 392,000 |..---.-- 43-6 Monroe. cosc2 2 aoeese = 3 000; 000s lee ceene 6 
Calhoun: Beat 1...--. 125,000 25 6 Montgomery....-_--- 40000" 2-222 a5:|U aces 
Chickasaw: Beat 3... 220,000 20 5 Ne@SHODa=2 2222 2 o neces 10000032: 24252 | aaete aes 
Claiborne. ....-.-..-- 75, 000 20 DO) WING XD CG 22s eect 380000 | eeeeees | secre 
Clay: Beats 1-3-....-. 221,000 | 10-25 5-6 Beats 2, 3, and 5.... hts 0005 aaa es |Senee eee 
Coshomas.. a.<2s-eee- 225,000 |-------- 44 || Oktibbeha.-.-.......-. 20 00Qi) ae eae el eee ee 
Copialves--.2sc--- 2 BOD O0O# | Seer esate se cee IPAnOlas S222 eee. 50;000)|t2 seeeee 6 
VEY 12 9 0 2a ee 2 ee pete 75,000 25 6 IROrny cement Cees oe 80;000' }..2.-=2- 5 

Covington.......-..-.| 50,000 30 a IPIK GREG Fe * Sac ee 200; 000i 222.2 e4|caeee ss 
De Soto: Beats 1, 2, | POntOtoCi. -255.4-22- 25, 000 PAU eee 
Byand bacest se eee | , 250,000 }.-.-.2-. 6- || Prentiss.......:-+-.. 50,000 \.2!2.0- Rae ee 

Orrest-.3:..<.-5-.+2--= | 420,000 |... .-¢.- 5 Beat dics... 2 2.5 40,000 25 | 6 
Beats 1 and 3.....-- 100,000 40 5 Quihmanie2-= = 174,000 '|..------ 4-44 

Franklin?..........-. | Bb eeemer ie ‘bi MRvamVsi eS we ene 30,000 |...----- 5 
George. 2/0. +222 - BO SOON EES cope tre eae Brandon........... TO: 000 m)neee see eee 
Greenesss02 S322 | 52, 000 1-10 Se COULzneae = ae ae eet YORU G Repeater ee Sa — 
Grenades... 2.2.2.2" 375,000 20 4% || Sharkey.............- DO; O00 ls .2 eeee 5 
Mancock.-...-5..2.<- 4200, 000 5-20 !14-23-6 Simpson.........-.--. 40,000 20 5 
le boYekt eas yee 300, 000 25 5 Beats land 2.-..... 40, 000 20 53 

Beats 1 and 5....... 200,000 25 | 5 S}aahin epee ae ee meets.) 40S 000 sent e lencoe eee 
Issaquena......---.-- ® 59, 500 40 6 Tallahatchie......... 140000) (fetes 5-6 
Itawamba...-2--..-< GoR0007 | Reece |bee ene Beats 1 and 5..-...-. 75, 000 25 6 
Jacksons cs. =-2--e--- | 160) 0003) -225..=2 5 Tishomingo.......... 35,000 |....-=-+ 6 
Jasper... 2-25. -<-.- | QbeOOON Se. ee ae eens An(buat (cen oon 50, 000) soneeene 4 
Vieiersoul ees teeee | A0°OO0) | 2eteat|secee ee (Wilt Se S522 ees eee 50,000 |....---- 6 
Jefferson Davis.......| 20,000 20 By (WiSrreiseenste ese 6 369, 000 20 5 
WORCS i222 Sessa eee 20 O00) =| toes Washington.......... 100, 000 25 5 

Bedti2 eee ececeee | 50,000 25 5 Wilkinson?.......... 31,372 | 10-20 5 
Lafayette..........-.| 180,000 25 3-6 Malobusha.-- =. 722. 62, 000 25 5 
WWAIMAT ae aac cies acco ll 010104 Peete ae if Beats 2 and 4......_| 48, 000 25 53-6 
Lauderdale: Beats 1 | Yazoo: Four beats...) 77, 500 25 6 

Ghatel ies seen a ene 350,000 30 5-53 
IUAWECNCO2 =< see sen © 25;000) |es se oo ete oes Motaleesen.soee SB (LOY S02) tem sese et | eesees 
1 a ate | 950000 |.cu.22-clecesse< 

Beats land 2.....-.| 80, 000 25 54-6 

MISSOURI. 

Total Total 
Counties and dis- amount — Interest Counties and dis- amount Tenn Interest 

tricts. voted to se rate. LEIGtS; voted to pee rate. 
Jan.1,1914,| YOO": | Jan. 1, 1914.) Yoe2s: 

Perce Per ct. 
18{0}0) ol: \ bee ge ewer eee $120, 000 2-25 5 || Lafayette............ $125, 000 1-15 54 
Callaway........----. TOOO00 Heke el A Lawrence: Mt. Vernon 50; 000222 —cieec|e oe eee 
Gedares es 19,000 |.......- [Rubee moe Mississippi........--- 7,000 19 6 
Gnristian se] ie oe 6000) | neces. 6 || New Madrid: 
ClintOUiscc Se sseee=2 4,000) |e cccce- =.= aS King’s Highway... 93000: [Lu e2eeen|eeeeseee 
Clay: Two districts. - 135/000 lace tnce| os eee Malden Risco..--... 20;:000" | sc22es-s|seenneee 
Cooper:. 22 ca<saseese= 3; 000 eo.g.2s- 6 || Newton: Neosho... . 30, 000 15 6 
INAdeN iss. 35s Le Be 77000: |225 <2 <2 4 || Nodaway...........- 15;,000)'|2= 22225 |Seeeeees 
Franklin ...2-.2..:--- 325, 000 10-20 Gi: SReLhISS 5 sass Bae oo Se 200;.000 |-22 222-2 5 
Greene...........-.-- 238,000 |-......- | lI eitoiel:\s ee eos = eee 10, 000 17 6 
(Cqunats baie ernek  aee O/000M Seeaee ee | Gy| |S Dane yen aos see 75001) | 2 eee eee 
VOW Olleeoe = ones 30; 000\5-224.-2 ee 
V@MOESOW se. cerns s oan BO S000? |e Fate a| Seeteners AL tal £,3 eee cece 2 1,721,500 cesar eae cere 
Laclede.............- #2)000' 22222. 4 

1 Counties are subdivided into beats. 
2 Bridge bonds only. 
3 Twelve miles of levee. 
4 Of this amount $150,000 includes bridges, sewers, and culverts. 
5 Bridge bonds, $20,000. 
6 Of this amount $110,400 was issued for building bridges. 



HIGHWAY BONDS. 43 

TaBLE 22.—County and district highway and bridge bonds—Continued. 

MONTANA. 

| 

Total 1 Total 
Counties and amount Bote Interest Counties and amount ner Interest 

districts. voted to mane rate. districts. voted to ears, | Tate. 
Jan. 1,1914.| 7 Jan. 1,1914.| 

Per ct Per ct 
Blaine serene eee $40, 000 20 5 INE US oe soneaeaeden CP+a Ost Secaenea Genoa 
Broadwater.-.....-.-- NO2FOOOM EES ses |saee eee. VOSODUG earns aes sane We 213285000) eae eee 44-6 
War bomeeermansa- osc 90, 000 20 5 Sanderseeseepee sees TZONO00M |S Sasso 5 
Cascadessepenin nse! 60, 000 20 5 20 districts. ......-- | 15,000 | 5-20 5 

29 districts 1........ 45, 000 20 5 Sweet Grass.........- | 305 000M Sa seee 1 43 
Cristom ee nee 320, 000 20 417 ||P Tet oniea eee) aaa aR 5100S O00)t| sacs e | aUiantalte 
DAWSON aa aso. tess 100, 000 |....---- 44 Bai GIStriCtS seas | 4100, 000 20 5 
WMlatheades sees. c 2 es WT SOO) eis eae Bigs | maVialle yates seis sees OES WO deeeesed Soseuses 
Lewis and Clark... .-. 105, 000 20 42 || Yellowstone!......-- | LOS OOO eee ase a 

INCOME sae sass 125, 000 20 5 a 
Meagher...........-- SOM OOO aera ete eatin Motalesgane se: DFOZ01 606i Nn cea ee ad lnes 
Musselshell. ......--. 2 130, 000 20 5 

NEBRASKA. 

Blainomee eee ls S500 Oe see 6) llelsincolnesee te settee S15 5000! eee es eae ee 
ID a WSO Ue ee seca GROOOR eee eee asec. Morrill Sse. eee U7AOOON Se eeccee 43-5 
DOORS icc cadsaseeee 5 308,000 |.....-.. APMleNamced cette ses $2550) see 3-7 
Ganiie) Giaeraar ee / 4. AS OOOH Renee se 5 ScottsrBlwiises22: 2 = Si O00n| See eeee 5-6 
TTA ES hae 49,000 |......-- 4-6 —= 
Keyapahates= 2.2 ZOS0008 |S aso =- = 34-5 Motaleyaceee! GER EEN ee oeedaa) bSceooue 

NEVADA. 

@hurchilleprss= ans S234OOOM NN eo alila) |p ae Washoot ss. 5-4. 484: $97,000 |........ 5-6-8 
ID GEES Bocce asueeee 155000) |See-ecne 43-5 
Ormsbyese oe) eee 40, 000 20 5 Motaletcers sea 176} 000) |Epsaoseclloscce soc 

NEW JERSEY. 

AH AmtiC see = aaa $307,000 |..----.-- 4-5 Middlesexs5 5292555" $7815 5000 Bo 52222 34-45 f 
Bergen) eee eels 2°121; 000) 5221s AEASS | EMOrris®) 22552 32h ane 400,000 |..--...- AD aii \ 
Burlingtones2-2-2222 55,000 15 ALTO COANE. sos s tose anes 35, 000 30 5 } 
Cam dente sere = 22). 3485900) pease ee AW4Ad 7 WP ASSAIC oes saan es | 6941,500 | 14-17 | 443-5 i 
CapeMay 21222 329, 300 30 Aa Salemenesatd sean | A5*000h|sonee nes 4 i 
Cumberland... ...--. 434000) Sess ee 4 || Somerset 1 .........-- (ASU eeeesee bacencs i 
LBSo75 25. ae en 1,140,505 |........ Aye |\Stssexsas-) 20) 154100002525 oo 4 : 
Gloucester-7- 22222222. 200,000 |..----.- 4°4F ol Umion= 2... cee) 2 oe 615000) S22 ssh: 4-43 tt 
nidsonwsse eee se 6, 098, 977 50 4-44 || Warren 1...._..._..-- 30, 000 5-10 4 | 
Hunterdon........... 232) 000 30 4 i 
Mercere 434, 000 30 4-4h Motale yess AAV BROW TSO yen ls eae } 

4 

NEW MEXICO. k 
) 

Bernalillo7...........| $100,000 | 10-30 4a) "Sanuant oof e | $18,000 | 20-30 6 
Dona Ana 100, 000 32 5 |__|]. 
TDS Gly tele en a 6 Motals0. 10 8. | 54670001 Seen |e 

| 
28, 500 Bee 

1 Bridge bonds only. 
2 Of this amount $29,970 was used for building three bridges; balance for 300 miles of road. 
3 Of this amount $113,000 was for bridges. 
4 Of this amount $30,000 was for bridges. 
5 Including inheritance tax. 
6 Of the $136,000 voted in 1913, $26,000 was used for a bridge. 
7 Roads and bridge bonds only. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

NEW YORK. 

Total Total 
Counties and amount sa Interest Counties and amount aoe Interest 

districts. voted to pore rate. districts. voted to Bate rate. 
Janal 1914.) C33) Jan. 1,1914. | Vets: 

Per ct Per ct 
Albany. ........2.02- 7 LONOO0G eee eee Ontariow ese $176,000 Ihcees eek eee 
Cayuga sc scessse ek 29,777 1-20 44-5 Orange evs sysene aan 689, 000 30 34-44 
Chautauqua........-- TGO SOOO esc ents cell erteererete Orleans: : tose 15650000 be=eee. 41-5 
GHemurice sos eaeee: OOG70N|) pee laee eee Otsecone se ees 60,000 | 10-15 | 4-44-54 
ClintOne Peo osencce 5s 15 000s ee sea-ce 34-44 || Putnam.......-....-- 38, 000 15 43 
Columbisis 226.5422 - HOLO00 Wess sae 33-44 || Rensselaer.........-- 465,000 |....---- | 3} 
TICE arse aha cue ee 15297000")... 32-22 34-44 || St. Lawrence.......-- 125, 000 6) 4 
Franklin............. 533, 000 60 43 || Saratoga............. 150,000 | 5-14 5 
IRE OMe seen as 70000) |bssee2- = 4 SeMCCAE ech aeee se eee 62, 217 10 | 4.7-4} 
Greene........-..---- 109, 500 |.-...--- 34-4 Steuben... -. fafa cetstaid 60,000 |.....--- 4) 
Herkimer............ ADSHO00 be - 22 ---)se oes Shovel = 2 ee 110, 000 134 44 
Jefferson...........-- 130,000 |.....-.- 4 MOompkKinSessssee.- oe (3,000) |eaeeeanrs 4 
howisteee ees selene DR aOAA ae ee 5=6 9|/mUilstereete sees eee 269,000 |........ 4-4} 
Wivangston.--.-.2--22 77,106 4 Apa 4S ||) Wiel Ten oe 2c = eae 215,000 |...-..-- 5 
Montgomery........- 201,000) |S. 222e=- : 3 || Westchester.......... 275,660 | 20-25 $ 

Nassau...............| 2,007,749 | 6-20 { ae | eae at erent EU ee 2 
Niaganas:. ees 2 ee 4/000 'lsease se c|Stese eas Motall ys. eaaees 90975923) | a eeess | aes 
Oneidais-se32-sec- 1505000) |e2e2---- i 

NORTH CAROLINA, 

PASIAN CO sce ee ease $400,000 |.......- 5 Tredellev she. ceecacece $400,000 |......-. 5 
AAMISON 2. 2.osc 23222, 2- LO03000"| cece ees |ecetee se JONOS We oie eee oS 10/000) |- 222 snes |seeeeces 
Beaufort... 5-2 21255000) |os.2s552|seeccase CGS oak sees 100, 000 40 5 
Ber tiemesceen cae ss 20,000}... -..-- 5 WIN COliesee eee 200, 000 40 5 
Brunswick.........-- AQ) 000)|Saeeese-\|=eoeeeee McDowell..........-. 9, 273 5-10 6 
Buncombe.._._.__... 50,000 |.....-.- 5-6 Madison = seeeeess-- ee 300; 000) |222s2ssq|-2eee ae 
Cabarrus.............} 3145,000 SON eee eeee Mecklenburg........- 300; 000) esas ence 
Cherokee: Marble Nash and Edgecombe 
ASIC terse ee oe 1872 0008 teeee neste ee Rocky Mt. District. 30,000 30 6 

Cleveland............ 60,000 40 6 New Hanover.......- 550, 000 25 | 4-44-5 
Cumberland! ....... 40,000 |...----- 5 Orange...... prop eyes 2505000: |..222.sc)zceecens 
DD aVIGi see oss IPA VOW re ee Se ao ees ae = Pasquotank......--.- LO; 0002p sees eee 
Edgecombe.........- LOS O00) eee ae oe 6 Ol eon e tence 4 100,000 30 53 

Districts 1-5, 8-11... 200, 000 55 5 Rutherford..........- 250, 000 40 / 5 
CES EON senate eee 300;000 |ic-c2 52% 4 SamMpsOm...-.-4-2---2 150,000 | 10-20 5 
Granville............ 160,000 20 43-5 Stokes 2.22 4.25 35, 000 30 6 
(Cuilford!Sseeeeer seo 300;000)|----.-2. Sr ||P Wane lessens eae 220,000 | 20-40 5 
IIA W00G ccise024ecen0 G0;000: |S 2heeei|a.cesnen Wancey os 150/000) |-.0 ss-e2l-eteeecs 
Henderson... --- ee 49000 |ecce- selene sees 
TOKO: seta ercer,2 Ate 50,000 |.....-.. 5 Motalleeeciwece Dj O4T 273 ereieeieieies||eversatereee 

NORTH DAKOTA. 

| 
ROletiG soe oe ee Se $20,000 |.......- 5 || Stutsman............ $36,000 |ooaeceee 6 
fo Kid) <a eer eee 65500) |Z seater eens 

Total 255.2... 63; 000% |2.6 2325 seneeeee 

1 Bridge bonds only. 
2 By act of legislature, county commissioners have authority to sell bridge bonds without vote of people. 
3 Also 10 steel bridges. 
4 By act oflegislature. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

1 Of this amount $114,000 bridge bonds. 
2 Of this amount $75,000 flood bonds were issued 

without a vote. 
3 Of this amount $70,000 for bridges. 
4 Emergency road and bridge bonds. 
> Of this amount $65,000 used for bridges. 
6 Serial. 
7 Bridge bonds only. 
8 Of this amount $9,000 used for bridges. 

OHIO. 

Total Total 
Countiesand | amount Tee Interest Counties and amount coun Interest 

districts. | voted to S rate. districts. voted to ars, | rate. 
Jan. 1,1914.} Ye4Ts: Jan. 1,1914.| Years. 

Per ct. Pench. 
$181, 300 15 Sebel MEUCAS eas s ss aee ee! $1, 212, 437 (6) 4-44 
1 258,500 | 10-18 4-5 Madisonee seme eae 132, 250 10 5 
2'309!,500) 22. 22222 44-5 Mahonings 22 2 oso! L408 5408) 22 Soe 4-44 
300,000 |...-.-.- 5 District 1325322! 150, 000 25 5 
378,000 | 13-26 Ooel||pMarions eee eee STOUT) |Eareee ee 4-44-5 

Belmonteeess-- soe. D4NSOOH ie As Sas eee IMeTCel aS aeseie sect 25134. GOON SS ao 25 4-5-54 
Bintlenen es sass s a CG (U0) Papemeua saesecess WEBI en euasaoreue 9515047;,,000))2 22225: 5-6 
Champaign....-..... 23 MOOR eae ceca |) scenes Montgomery...-..-..-- Ait O00 aes acer 4-43-5 
Clarkes esis eS: ZOU OO2h|Pasee ene 4-5-7 Morgans se) eee 404000) |B2aec- =. 
Clermont.......-.... U1OS200N Es ou. Lee 444-5 MOrrOWisl anise eeene ZS Pass mecoeddal eesonese 
Columbiana......... 300, 000 |... .- esl Nes eee Muskingum.........- 10 920,000 |......-- 5 
Coshocton.....-.---- 4150, 000 10 $6: sp ANODleer esse aos 45.0.2 AS O00K Se eee Ale oe 

Die sor Ottawa ede S25 O0ON | es sevras| 5-6 
Bee e 8G Eaeee See Raul ding sees tenses 847, 972 7 5 
ae =dge5 || Perryman ane seeian 45,000 10 5 

OOO Meee & 4-43 || Pickaway’7.......---- 3245000) | Bee 2 een 5 
Defiance............ STG OOO} CE) 44564.) Detlcelerys mene an nN 69,500 | 3-10 5 
DM elawaresssee: es 7 540, 544 |....-.-- 4-43 Portage eye 224600) eos oe a 4-44 
TIC eee see 59,500 |........ 4 replenyses eee ANS Os Reese ee attri 
Ha eiiter says 8 909,000 |......-. Die Me imames sey seth 464, 600 9 5 
ranking seskenee a: BIBL OTTO: seu ahead Richlandesaes lane 205,500: |eocmue: 41-5 
Hultones ese see eee 204, 400 5 43 cl ROSS ae aaee cece see ee 131,000 | 25,30 5 
Gallina = tae eae 542, 000 2-20 | 4-43- Sandusksye-e 22a se 195, 998 5 3-5 
Geauraccean eee 20,000 |........ 3-5 SCIOtOsssees eee eee 11 740, 000 5 4-8 
Greene nee eee Al OOO) |i... 2. 4 Seneca-....--- 244,000 |.......- 44 
Hamilton's.) 22222 OUTS O DOR eis Sees Mure ae See Shelby eee ane LE OOON Sasso epee es 
ancockeetec steer AOS4OOO)) Seek seres le eersetcicn Starks ee sees 12 605, 000 5-15 5-6 
ATVISONe 222 22 TONOOOR| S22 ees 4% || Summit..--... 2.2.2. 509%050)|feeceese 44-53 
(lenny ois ee 937, 250 5 Seal rumble sees 13 905,000 |.-..-... 43-5-54 
nighlands)s 22382222 7,850 5 5 || Tuscarawas. -........ 130, 000 1-3 6 
lockines. = 2522 2k 62: 5OXOO0N esce ee: Ane Union eee ene TA SAG 00! te eriewee |e ean 
LUTON epee ee a 6, 500 (6) 44-5 || Van Wert.....-.-.-.. 508,260 | 12-21 | 444-5 
VACkSOMME ee sons 22 DOOR OOOH eee ielete seks WWiaTremt 3) jos sara 284, 000 1-30 4-5 
VCMeTSOMM Nae see SOSOOO See ase |e cries Washington?......... 190, 000 1-22 5-54 
TREMOR emis sike ee 61,000 |........ A- Di | WVIVANO croc 2) eres ZO OOO spree ces Scere yete 
IL Ee ees eae ee aan 278, 000 20 | 4-44-5 Williams?............ 2050008) 22251: 44-5 
Wawrence 2)... 2 555,000 |......-. 44-5 || Wood.......-.--...-- 15 2,072,000 5 | 44-5-6 
MEIC Keim oy Vere es Sete 701, 000 5-15 |4-5-53-6 || Wyandot..-.........- 180,400 |.-....-. 43 
MOAT MRS eee. f 300008 Neeneeee 4-44 Se IStrICtss sae 7, 200 10 oer) 
Moramees sss ses... 598, 000 18 4-5 

Mistrict 121i 42.02: 180, 000 13 5 otal same ees Sb APA SOS opal eae tee 

OKLAHOMA. 

Carterseee ese. s a: $200;000) ese cos| eee INOW alan ss see eso $100, 000 25 
Chocta were... 5.52 4- 120,000 |........ 5 || Okfuskee7........--: 100, 000 20 5 
Coalee war res sone! SOOO | ehcp eat Osage een eens 1005000; | Soest 
Creek ee iN 200,000 | 10-25 5 || Pottawatomie.-...... 10950002 |-2 2 5-54 
Melawares sss ens. fx: 26,000) ooo. Se Oulll Pinu] Sa eee cares sleeve ane | OOOO) eee aes 5 
(GiXohy UG SBeSere mena 60, 000 20 5 || Wagoner ......2..--- MOSOOOR Ee eae | See kee 
Johnston 7.......--... 100,000 |...-.... 5 
Muskogee...........- T40 000s 2 te oo. 5 || otal sansa. P4405 000M eel aes ayes 

OREGON. 

Wlatsopee eee. tee $400, 000 20 5 | Multnomah.......... $1, 250, 000 1-30 5 
VAcksonee tense ee 500,000 | 10-30 5 || 

} Mota ase ce 25150 0008| Sse ecea eee aces 

9 $60,000 issued under emergency act of 1913 for 
bridges. 

Bye 
1¢ Of this amount $775,000 used for bridges. 
11 Of this amount $440,000 were 5 per cent flood 

emergency bonds. 
12 Bridge $250,000. 
13 Bridge $85,000. 
14 Emergency bonds. 
15 Bridge, $6,000 emergency. 

SESE AE 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

PENNSYLVANIA. 

Total Total 
Counties and amount te Interest Counties and amount Teun Interest 

districts. voted to ‘are rate. districts. voted to o rate. 
Jan. 1,1914.| Ye"S: | Jan. 1,1914.| Ye7s- 

Per ct. Per ct. 
We gheny. 2 e-ss sas. $15,900,000 30 } 34-444 || Luzerne.............. 3 $2, 690, 000 30 44 
BOA CG 28s oacioe se ciatces 555, 000 2-12 334 |} Lycoming...........- 382,900 |........ 3-35 
Bedford.............. Q5500) |sose..ee|-c-seece Miafhl tresses enn 55,000 |......-- 4 
Bets erat ae Samer g 475, 000 2-12 34 || Montgomery......... (255000) eee 3344 
BuUtlen2 2 2ee2ccedesaes 20,000 |.....-.-- 4 Northampton -....-- 300,000 |........ 3 
Cameron.........-.-- T00Q) | eeaereneclcee acces POGbCi es eance emcees 25;000 |. 222-08 5 
Car DONssence eee 50, 000 5 4 Susquehanna..-.-....- 15; O0Os eee eee ae 5 
@limtonm e068 e.6-2e ee 202° 5000| 252.2... 34-4 Venango 2.._......... 282 5000/12 yas oes | eee 
Columbia. ..-- 2222. SO; 0008) 2a eiee 4 Washington.......-..- 1,789, 000 5-20 44 
Orestes secs ceo aeeee 10;500) |. sae. -- 5 Westmoreland... ....- 250, 000 20 43 
Wndaanae- 2522 sk2- 25. BOvSCO Pat ner eck loseeseee Wyoming ?2........... 725000) |oeeeee 33-4 
Lackawanna......... 450, 000 15 Pee [len 4(0) cco ery aren een ee Ae 103;000%|2 222 oe eee ee 
Mepanon es sseecccee: 297 800 | saceens ater eeace 
Wehiphys fe. os .eece cs S20e O00) | Peasese™ eee aes Totals scales 24, 8395050 |gecceeee lessees 

SOUTH CAROLINA. 

Wao ee eee 4 $100, 000 | Sena ee 5 Oconeessecc see esses $45;000 ec ee sole tee 
LOTT ye segs ee TOD CULON0) | Vee oe oe bee Richland 2........... 75,000, leesa eee | eee 
Kershaw 2............ 40 OOO S22 tees |tececce SUMtEr 2-222 se25-- 2s | 50" 0003)fee nee |Eecee eae 
IUaNrens. 2222-25526 50, 000 30 44 ; | = 
Marion. .....--.. ae 40000) eescec= = 44 Morale eeee one 410) 0003/2 aoe eee ser 

SOUTH DAKOTA. 

Pennington 2......... $44, 000 | t oeiea elke cmos | Stanley 5............. $33, 300 | ) kn | eee 

| | Motalesese asses ig COON fee eee al eee e ee 

TENNESSEE. 

ATIC ersonmessstcee as He eeo OOOO 0 Seae ase 43-5 McMinn............. $325,000 |......-- 5 
IentONecos] se oe 2003000) 22222 -22| see. Bees |i) eicrobiyoyns oe 5005000) |po-- ee 4 
Blountess.s2seesco= 300;000) |---2.ee- 5 Marion oss teens 170; 000)|Seeeeeee 43-5 
Bradleye cc cncee soe: 216,000 | 25-30 5 IMaUGVeee ee see tees 175,000 (2e2 55 se see 
Campbell Ss. 2.2.22: | 4,000 i eee MONTOCE tes Grease se 300; 000)}22-.2. Peace 

Districts 1-5......-.| 200;000)| 225-222. 43-5 Montgomery......-.- 120,000 30 5 
Carter!.....-<2-...--- | (a AGS | eee De) || Morgane. 22-2. 50; 000 cee eee. eae eee 

Blizabeth.....--.-.- 655.000! 222 2.2 23|2se.. 55 IROL itetiacor, Sere 19,000 7 5 
Claiborne........-.-- 0 OO eee See | eee BR OMCa ee see eee eee 405,000 | 15-30 5-6 
COGK62 a eas os eee 3005000 |e ee. 9-67} Putnam... 22 s52-. = 250,000 30 43 
Coteau c 22 2a22 552. We Lae See seal ae mee TRO NO( see we Boe ae 365,000 | 20-80 | 4-5 
Cumberland... ...--- 405000 |2.28..-2 5 Robertson.........-- 450,000 |........ 4 
Wavidsolo.sse 2.22 250,000) |2es.5 ce | 4 Sevier= sco sanaoem ene 245,500 15 43-5 
WiGKSOT =a. se 22 de 5 =e 250,000 30 OW SNelDYesierce2ece tees 2,792,000 12 5 
Grane eie see se ee LOO; 000). 2.2. ..2 5! -\| Sullivan’.!._......-.2: 530,000] 20-30 | 44-5 
Greene... 2-2. ecaas2--- 800,000 30 5-6 SUMMNGrees eee 200,000 30 | 4h 
Hamblen..-....-..-- 325,000] ° 40 5 (OMUIONES eee ae ee D0; O00) faa = ses | 4 
ami tome. «..22 2. - Gb; O0 00M S2e2o a Nis ci cotanacs IVWaTneMee se nee oe 168,000) fe oes eee 
Hawkins........----- 220,000 65 5 Washington.......... 60;000)|22-22 eee 
Wickman..........-. 80,000} 1-124 53 || Wayne ®............- 47,700 |.....--. 6 
JACKSOMS 2250 ee ee 9 2505000) |222--2-2 fee Sraicre White. 52 -622055 252 90; 000 tee ee eee eee 
deflersome 24.2. <.55- 150,000 30 a | 
Odistricts:=s- 4 -. .. 395, 000 25 43-5 otalagwee see. 12/4/4298) 2 see eee 

Kenge ete ofc | 255).000) los sea ces) seeece.c | 
Woudonecee sce | 150,000 30 | 5 

Hr CISULIGLSs o=2oseee 100,000. |222:.... | Hi | 
| | 

1 Of this amount $550,000 bridge bonds. 
2 Bridge bonds only. 
3 Bridge $100,000 payable serially, last 10 years of term, 
4 Concrete bridge, $17,500. 
5 Certain townships only. 
6 Bridge bonds. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

47 

TEXAS. 

Total Total : 
Counties and amount Term Tnterest Counties and amount erm Interest 

districts. voted to Sens rate. districts. voted to C rate. 
Jan. 1, 1914. | ¥°47s- Jan. 1, 1914. | ¥e4Ts 

Per ct. Per ct 

Nmidersonen se sac cece $150,000 20 5 || dame Wellss. =e 52 cee: $125, 000 10 
INASCOR sb bocsneoaee 205000} | ses eee 3) || OWMSon as eae e 183652001) sees eal uandy se 
Austin: Districts 1-3. 175,000 5-40 Oo} ||; OD eS Heat. ae eee 7, 000 20 5 
Bastrop: Districts 1 IATNOS Ss s/a5 2 aye Sune ADSOO0 U5 -2 ae | ease 
AINE eetset Bis ere 180,000 | 20-40 5 XG cl pS BUR mare LOSO00 Ree sascce |e 

IBaylOlee eee aes 100,000 40 lf eines aaeseeasedsseese 40-Q00N 5S Aas OR eae 
1G: SGU a sea SBE ASE nEee 49,922 20 G) lt GN odd soqueesnade GUNN) aseyataar| Beeeerace 
BOI ee ee UO; OC ONE ames BS MSGI Wee Soeea secure SOS0003| Me relents 
MGistrictssse- 0.2... 200,000 40 apy ill. OE Pec obcopeaoeeeoe TSS5005| Pe seate: 34-5 

IBEK AT Nee eso. 152505000) spaeiee ee alee ee Lamar: Justice Pre- 
ROLM eM a EE G29 00} Bee erscns 4-5 cinchlas ss: Bae 300,000 | 10-40 5 
Bosque: District 7. 40,000 40 5 am pasas cos. tee.% 45"5008|ossecse2 4-5 
TBXO ATS or sp a ea 250000) eat oe 5 UAV LCA Saar a 2ST OOOH Mee names |e lees 
Brazoria. . 450, 000 34 4-5 Leon: Districts 1, 2, 
Brooks 45,000 40 5 AMO; ANOOs sale sane P34 0004s se see See 
Brown: District 1 T50; 000) on 2 5 Liberty: Districts 1 
Burnette ATAOO OH Mts pecans GaaQoc ny en ae 425,000 |....---- 5 
Caldwell arte s5 2 ZA0KOO 0} ae Set Ee eee Limestone: District 4 300,000 | 10-40 5 
Calhoun: Districts 1 Tivo! Oakes ees. s es ceee 168990) Poke ee 4-5 

Caras ON anne ee Oa 235,000 40 Roll abw yas ke beady DB MOODH eee teers 
@allanank oS 2768 ee sae ee 4 || McCulloch..........- 118, 000 40 4-5 
Cameron: District 1.. 2.05000) |: Reeal pee ee McLennan. ......--.- 150, 000 40 3-5 
Cass: District’ 7------- 35,000 40 5) i MieMullense) s2S2 22208 A5000h|Seeeeee: 5 
Chamberst2s. 22) 2 168, 000 20 5 Matacord aj tases ESO) Sead daclibeeseese 
@hildresss 4-0 yuan 203000) | sn yeao es 4°6) || Maverick: 2224. 2.222¢: A260 2 ee hemes 5 
COKE een ae 25510 OOS Beare tea teen Medinaeet lee aeer nes 60, 000 40 4 
Coloradone2 eae 60,000 40 4 ||P Mean Ge ie eer Seer ar 20000) | Se hee ee teu 
Collingsworth....--.- 14, 888 5-40 4-6) Mian der nce slept SOKOOO) |Seeseeee eens 
OU ais Aus Sey A500 0) eee ate ana ns Milam ye) ie ee ETHAN leet steel rate en 

Comal ea 153,000 40 | 444-5 Districts 2 and 5. 200, 000 CUO eis 
Concho ee 15000) sees 4-6 SEU eae eee aeseee 5400p |e sre am | enaae we 
Cooker seas es LOG OH |SMa Rae oe eR 2 Mitchell: District 1. - 30, 000 40 5 

Distnictlera ease 100,000 40 5 Montgomery: Dis- 
@ulbbersons. = 2292: 50,000 40 5 GRICE so eee ee eee 250, 000 40 
Dallas teeea ee. he sie 13905 O00), 222 se Ago|| Motleyencmecsncscee: PASS 01010 eee ese a 
Denton: District 1- 75, 000 40 5 Navarro: Districts 1 
Dewitt yet BUS 998i eee eet AM MGS eters cee 475,000 40 5 
Dickensanetee te sere 11,500| 20-40 Sr aleNOlanses ae ees ee 100, 000 40 5 
Dimaniteee essen SOOO 0) Seer ea eM oeie Nuecest ihe rs ay i GO) ia sea es eR 
IOVS SES Bes ae a engats SOOKOO 0) Rie een he ers Orangeleeiinse nN tee 200; 000)|2 2258-3 5 
APR aASOme oe ee 617,000 40 4 Paloweinton swe. eee ORTSOH see omrelela cs saet 
aT Spe TOO;000)) 222) Sul ear kere sai cked Liisa 259000" ee eee 4 
Hann ine sees ehh 1900) Petianes Pa let Ee a eee 40, 000 4 5 
HaVvettossies ses: 6985008 Pena: 5 ROGER asa en cee 20) 000) ease se |e 
Bishenee doce es, 19; 900/228 eo 4's) | | eeveseemac setae ats ae 124000) |e sees 5 
Tato nOl; 8 cca a a S300 OSS 34-5 || Refugio: Districts 1 
Hort Bend... 2..:-.--- 420,000)|--2--2.% 4-5 GIO 7) os See a Gonaee 905000! Seeean: 4 
Wiramk inte ees seen 500] 2-50 44 || Robertson ........... UO) | Seessabe| eecoces 
Freestone: District 1- 50; 000)|). 22255. By Rummnelse sess oe CAL) i 5 
Minio wanes Res seen Ooo. 86, 953 40 5 || SantWacinto. 2,-2.2: SO0OH|Esn ose 5 
Galvestons222 2222.2 - 1,500,000 40 5 SangPatricion 2.222222 148° 000" S22 4-5 
Garza sas Tee 50,000 40 4 \|sSaniSabas.s 222.2 2 3857501 Meee | 4 
Gonzales: District 1... 1'60000)| 2282 ee 5 Shackleford)j2sss 208% 12, 500 40 | 4-5 
Grayson: Districts 1 Shermans Seen TSOOO} 5 94 wen eee 

GhatGl Chia een aia 685,000} 2-50 424 iSTith a saee nan ate tl 405, 000 40 | 5 
Grex eee rmincia Ne! SOWOO Olean aera EL Somervelly 2 osu 28 16, 950 20 5 
Grimes tes ee i ie Ue 134,000 |........ 4-5. || Stephens-2. 0020. URNS erestealseesesk« 
Guadalupess2u2 222222 239,500 | 30-40 | 442-5 || Sterling.............. 10,000 40S ceenes 
A este gee sb 65"0002|eaeenee: Dolsetonewall 2222s. 5OKO00N|Peeeeeee 4 

Hamilton...--.....-. 22,994 5220) 426; || suttonec ees: 1270008 bees aes | 33 
Hardeman........... AZe500) | Seeeene 454) | elarman Gees sees 1,834,000 | 20-25 4-5 
Mandine ees. oy. 1695000) |2=- == 5 || Taylor: District 1... - 150,000 |.-----.- 5 
LATTISe eye eos oes ISU (0010): ab eee sea saeoesee Throckmorton. -.-.-- PAU! Seaenesslbeececee 
elas kell ese ae TESOOOH EP SSeee toe ee a Tom Green!......-.. 96,000 | 10-40 5-6 
Hays: District 1-.-.- STAOOON See Srey METAWAS See aes sete 482° OOOF eereriert 4 
Eve phil ie en eee 103000) Bees 6 Trinity: Districts 1 | 
Elida pO Ree eee TOO SOOO) ee ers eyt een te FEROS Per ee ae cen 160, 000 40 5 
EDL seen etal 102000) 4024570) 32-50 Upshur =. 22) s8 149000) Sohne beeen 

Precinct 1.........- 250, 000 40 Suede MalverdenscaG. cts e8 GB 000n| cee see aeecciene 
HET OO Cee Re eel coe BONA9O oe cieelao| 4-5 || Victoria: District 2 200; 000 |5e:22=2 5 
OMENS =e epee 5, 963 40 | Gall (PWrallerzisccses Hise eis 25000) pecs 4-5 
Houston: istics 1 Wraller eyes foe 15,000 40 5 
AN GNSS star ey GSS 8 f (AS OOO eosin = 5 Wiallcern hela tn sea GURU Redsosed secdodas 

EO Ward tees n= EIS: 100,000 |........ | dye WW Nie iRO le Sanne coe taswees 5400 | Seas es oe ees 
lin Scopes Sea etree 20,000 40 | RE MGI )asesdonsesconade 105000) |Heaeeeee 6 
Jacksons. nese sce 124500) erate | 4 “Os 08 |Wihartone <2 occ... 320,000 |.-..-.-- 3-44-5 
Jefferson............. 809, 500 40° 4 4-5-6 Wheeler!............ 15 O00 eee ! 4 

1 Bridge bonds only. 
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TABLE 22.—County and district highway and bridge bonds—Continued. 

TEXAS—Continued. 

{ | { 

| Total | Total 
Counties and | amount om Interest | Counties and amount vam Interest 

districts. |_voted to | oars rate. districts. voted to e < | Tate. 
Jan. 1,1914. | Yat: Jan. 1, 1914.) 7 eats: 

| Perce. Per ct 
IWilchitdinsceseccsccs se 150008 |teee ss ce leceeaeee MMOUNGE Sai ecetecces $83, 996: |..-...--| 4-5 
Wiilbarsers.<: 22 i2s.. (O;000) eae een-= 4 Fieve eyes epee = Sree 44,999 40 5 
Williamson .....2222.. 300;:000 2225... 44-5 
Wioodeeesee seen cues 150,000 |........ 5 Mota sem eee 54,960; 887, se. elas ee 

UTAH 

iBoxelder ss: 222 -=-oee $175, 000 20 4%. || San Juans... seccce $14, 500 20: ae. E se 
Caches ee oe 45,000 |... .<--- 4 | WIN: ccceds soscs Ho 8, 000 20 5 
Garbo lee aece- sees 30, 000 20 5 Weberaecas-cce ae a 120, 000 20 4-5 
MIMOLYisanooscees seSe8 BO; DOOM Eee cee 5-6 —_- |_|. 
Grand:t. oe ss.ceene 8,500 20 5 MOtel Shee moe. 440), 500M jane ee eee 

VIRGINIA. 

Accomac: Atlantic, Northampton: 1 dis- 
andeeesen acs sk--sck: $100, 000 |........ 5-54 UriGhie eaceeasceeee $50, 000 30 43-5 

Alleghany !........-- 40000, Bee oe. les ore Oranpe.: 2. jece2 sens £75; 000) [aes Soe el eeeees 
Aimiberstse<.-2s2sce—5- 215,000 | 20-30 44-5 PAP 6 Loe ances eee 26-000! |ais2se<- 6 
Augusta: South River 250, 000 30 ia) Pittsylvania: Dan 
Botetourt 1.--...22-.. aU) A(0(0 0) ed Hee eee IGEVOI ae ees eee 100, 000 34 5 
Brunswick...-....... S41 (000F | ecsswee|) cece Ye Pulaski: 
Charlottes. sss5.-s2c- LOOKOOO HPs amee 2 44 POublin geese os os 1005000) |e eee 5 
Clarkes: swccctece ale OOOO) Rear 4h Rulas lee cee sce 70, 000 34 53 
Culpeper: Rappahannock: 
Catalpieassas2ss-4- 120, 000 34 i. Wakefield........-- SO KO00N| eee 5 
Stevensburg....-... a5 O00) eee ses 5 IlamMiptolie..c.-- os: 30,000! | poceeeec|pooseece 

Dickenson: PIGMONio essences 285000) | Se sacee eee 
Clintwood... 2 2:2.- 54, 000 D230! |asae eee Rockingham: Plains . 30, 000 10 6 
ICCHACVasuee soc <5 32, 000 1-30 in RUS SEH ee teers 510,000) |eeemces 5 

Dinwiddie........-.-- 105,000 | 20-30 5-6 Scott: a 
Elizabeth City..-.... S0,000 ie eeoces 5-6 Esterville.......... 100,000 | 20-30 5 
Fairfax: Mt. Vernon... CLE 010)0M) ee Sete eee Bulkerson.......22- Boe S00K aaa BRS yore 
Fauquier: Centre... - @os000 eee. ease | ee sserce Ss VONNSONA 22. ossse ee 33,300 | 20-30 5 
Fluvanna...........- 1500) |Gee gee eee Smyth: Marion, Rich 
ESIECH URS. ees BO OUOU eer ae Valley, and St. 
Greenesville....-.---. 80 0000 ee Aeneas ae Oldira vases oes- es $25; 000)|Eaeseene 5-6 
King George......-.. LO; 000 }aec2- oo eee Spotsylvania: 
Lee: | | Courtland and 
Jonesville and 7 | Chancellor.....-.. 100, 000 30 5 

Cistricts-29-4-22=- 440, 000 6-36 | 5-53 Berkeley and Liy- 
Lunenburg: INGStON.. 22-262 100, 000 30 5 
Plymouth 222-22. 40° 000 |-..0285. 53-6 DtAOlG se ase eee 100; 000) | 2202 eea|eaceee ae 
Rehoboth. .....---- DA OOO Wer eese se 54-6 || Tazewell............- 6255000 '\ Sea 2eae aes meee 
Browns Store ..---- 40,000 |..-..--- 53-6 Warren: 3 districts--- 90,000 |..-----. 6 

Mecklenburg: 7 dis- Washington........-- 200, 000 |.....--. 5 
HICtSiess252-< 4 Se 350,000 |....-.-. 5 Westmoreland. ...--. 25,000) | Beste |S ene 

Montgomery -..-.--.-- 30,000 |....-..-- 4 WSO! ce os ctaisate acetic 960, 000 30 5 
INCISON oaceee eee | 30,000) |..22s6-- 7 
INOMOMG. o Seeceasecs 2 | 200,000 |e sscoce: 43 (Rota sense 6,632; 400) |-25- 2252) Seee cess 

WASHINGTON. 

ASODIN'. cts occ ceca 900; 000 |. 2 sccccr3 ae Okanovans=. -cceeoe- SLD, O00) | Seeyeceersl ere 
Clallamin 225222. sec-5 2015000 | eeeseee< 446-7 PACT Ge oe see aioe 100; 000) |22 222... 5 
Clarke). 2cécccssac 22 00: 000} 2c. a ae |eeee eae Snohomish........--. 80, 000 20 5 
COWIIEZ 2 acc e oeieass G95 262 |i doe eee seme = Weltaicwecnsseeen see 75; 000) | eee |soaeenee 
JOtLerSOl -(<.52.+<.sacie=me 139; 000' Heccs a. 53 
GING oe weswe cece cemes 3,000; 000) | s2522:--|oc-.cta8 TOtal.-cmcsease 4° 408), 262)| ..<5.04|sseeecee 

1 Bridge bonds only, 
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TaBLE 22.—County and district highway and bridge bonds—Continued. 

WEST VIRGINIA. 

Total Total 
Counties and amount ee Interest Counties and amount pe Interest 

districts. voted to eee rate. districts. voted to ears. | rate. 
Jan. 1,1914.| ¥ Jan. 1, 1914.) ¥ 

Perce: Per ct 
IBanpouter eee eee cee $40,000 |....-..-- 4 Marshall......-....-. DLSO 5000 Pee aes | seme ae 
Cabell eric car 300, 000 |-.--.--- 44 || Monongalia........-- fo, 000 seer eae 6 
Bene ae SoenGch Hisesents: St. Marys. GOSO00F (22-2 seen| eae maere 

axter and Grant..) 225,000 |........|........ yler: 
tle es 19577000) ONC |S sti Elisworth.........- 125,000 | 10-34 6 

TAOKOOO 5 sae seis [Pema ce Mincolnee ss scee ee 200, 000 10-34 6 
60, 000 20 5 Wetzel: Grant.....-- 150, 000 34 6 
a Wood: Parkersburg. 180, 000 30 44 

400. 30 5 
300, 000 30 5 Motalese eee DP500 000) |e eee alerts 

WISCONSIN 

PAS land epen se secre $50, 000 20 4 Sake Da ye eae erepaseees $40, 000 20 44 
pol bie ees Salis 3) ay en 10 WVAIASES ee essrereis cto oe 60, 000 20 5 

OLONCOM sees ecesa-|h. +.38,000 | 55.8525 
fron... oa: ie Fa. 35, 000 6 4 Motaliees ioe B54) OOO |e acee| eee 
WalCrosses 2 2-2-1. -i- P00 Us Be pearica| ssccaoae 

1 Bridge bonds only. 

TABLE 23.—Township highway and bridge bonds. 

CONNECTICUT. 

Total Total Term Term 
* amount Interest F amount Interest Counties and towns. | +5t6q to ot. : rato Counties and towns. watodtto of rate! 

Jan. 1,1914.| Yrs: Jan. 1,1914.| Y°4"S é 

Fairfield Per ct. || Middlesex: Per ct. 
WaStOne sane acecee = $25, 000 40 34 Chathamiye os sse. 5: $70; 000) |. tee cese 4 i 
New Canaan....... 14S 0008 ae aeer- 4 East Haddam... ... 44,000 20 34 i 
Stamford 1.......-. 96, 000 30 4 New Haven: Derhy.. GOS500F | Femeae se 32 { 
Vyiltone ee eee ae. 35,000 20 4 || New London: Mont- fj 

Hartford: villepete e120 AO‘OO0/ seeks 4 i 
Plainville. ...-..... POLOOON Meeerss|os ects Windham : ‘ 
West Hartford.-... 452000) See seen 4 Brooklyn........... 28, 000 25 4 4 

. Wy ind sor By iole sista rmice 40° 000)|= 255 =— 2. 4 Plaintieldeeessse se. SONOCOR Se aee eee 4 i 
itchfield: } 
Barkhamsted...... 160008 Beene == 33 Motalteestes. EGHELD | banonanallbasscsan # 
North Canaan...... 2as0008 beeen 34 i 

; | 
ILLINOIS. : 

Total Total | 
Counties and town- | amount can Interest || Counties and town- | amount oo Intorest } 

ships. voted to years rate. ships. voted to ears rate. 
Jan. 1, 1914. Jan.1,1914.| 7 

Per ct Per ct. 
Adams: Melrose... ..- S8s000M Banaeees|esenee eee Clay: Stanford....... COWNA teseetec 5 
Bond: Central. .-.... GHO0OR Pee. 5 || Clinton: 
Bureau: : Carlylenay sau seake 5,000 10 44 

reenville...... Beee ZV Gs Seer 5 Germantown....... 353105) | Scene 4 
OHIOME Ee soc benaee 17,500 10 5 Santaeweseen uso ssee 200 8 | 4 

Barro an : cols: Hast Oakland. 15, 000 5 5 
BIH AVenesiseeerer lst) we b2s000h| ences ace rawford: 

Wigodiand forsee ase 23, 2. ae 5 Honey Creek Seep iek et 000 | 20-25 | 5 
VSOKHS sas ee = utsonville........ 2S O00 8 ems eepcte ras 

Champaign: Colfax .- 4,400)|' 426) 43-5 )ll| * Lamotte. 1.22. 100: 58,479 | 20-25 5 
Christian: Mount Au- Martinteteseece nice 4351008 Sactaete lee eee. 

seecTipee ged a 6000) |p ee 4g Oblong:::2)22 2.2 95,000 | 20-25 5 
Clark: RObinSOne = pean ee 155000}, || 22 a= see lesa 
SARC CTSON = =)= =21a- i= 3;,000)| 2254 ose 5 || Cumberland: Green- | 
Westfield 1........: 2, 250 6 6 UD ee ae 2,000 |eeencece 5 
BYIOT eens se ni oe SHOOO Meee 5 || Dekalb: Malta....... 8,500 2 | 5 

1 Bridge bonds only. 

52448°—15—_14 

2 Of this amount, $1,200 for bridges. 
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TABLE 23.—Township highway and bridge bonds—Continued. 

ILLINOIS—Continued. 

Total Total 
Counties and | amount pte Interest Counties and amount tae Interest 
townships. voted to a rate. townships. voted to i Tate. 

Jan. 1,1914.| Yets- Jan. 1,1914.| Years 
| 

Douglas: Perch Lee—Continued. Per ct. 
Boudre..........-- $35, 000 113 5 Hamilton 52 ese. -- $12; 800 |f2eeeees 5-6 
Sareentems jsuese 35, 000 Mai 5 ETRE Oreo ee BOKIOF | Manan 5 

Dupage: Naperville... 2300) ae nese ae Wiola: ss -e tee. iese 13, 000 1-13 53 
Edgar: McLean: Martin.-... 252003 fee seen 6 

Elbridge........... 2°00 | 22eeeese 6 Macoupin: Bird....-. 8-000) | See se aoe eee aes 
Embatrass......... 35, 000 10 5 Madison: Godfrey... . 15200" |S 2ee Soe 5 
MARIN TEE 4. = eco nce AiO eee, 5 Montgomery: 
WATS oe eee’ 35;(000' |2--.-=-.-| 5 TLS OLOfe eat eeee 16, 000 15-8 5 

Effingham: Mason. -- 10;000"|=. =2<=-- 6-10 Witte. ceaceccastcc 22200 sees 6 
Ford: Button.....:-- 20002 twee 5 Moultrie: 
Franklin: East Nelson........ 3; D00N| Seen eaes 5) 
Browning........-- a DUO ee eeeees 6 Lovington?........ Pret ata eens = 6 
Northern........... BO! |e 4 || Ogle: 

Fulton: Orion2...... MAQUDM esas ee 5 Maryland.........- 4500! le= eee | 5 
Gallatin: Pine iROCke. 2.2.5. 2, 000 13 5 
Bowlesville........ 1,000 1-2 4 Rockvale.....-..--- 9000! |2aceaseaI 5 
CUA Gyemeececcens A000 1s teste 6 iWiOOSUN ES wes eaecne: 15° 0007] Seeecsce 5 
Shawnee........-.. 7,090 1-5 4 Peoria: 

Greene: Woodville. .. DD Ohi lee etna: 4 Jubilee: sa sss acne 27000 |-2eee- 5 
Grundy: a Bs) 242) ee 7, 000 8 5 

Goose Lake. .-...-: 2 O00 MV eetetaece 5 Rimtber 22. seecea. 55 1,500 (222-222. 6 
MiaITIG oe Sepia 0, 000)|s. 555-28 5 || Pike: ; 
Wauponsee?..._.-- Oea00H eee cee 5 IDGrTyi 2c eee see BPs Been 53 

Hancock: Fairmount.......-- B00 ee Secale ose cee 
Appanoose.......-- 18300 | see 5 PACS Vince er ee D2 ce |e ee 
RVaTICOC Kase ae GyonU) eee 5-54 ATI. a0 eac sae 5 19200) eee ee A See ee 

Henry: Kinderhook. ....... 100) eee cae eee 
Riba 2ee eee ae 3, 500 6 5 Pleasant Hill... ... T2001 ee es ee 
ATeIMS ONS seas eee 5,900 10 5 Richland: German... 1798) |e eeneee 6 
Genesed42-oe.-2 35-5 15, 450 3-19 5 Rock Island: Black 
Moraine 22.22... 228 2 LOOM ee Sse x Hawke 2 cccceees 6,D00: |e-cee eee 6 
IPH CNIX. See 25 iil Sevexadelanars 5 St. Clair: 
Yorktown.......... 200) ae ee 5 Centerville......... 2,500; 2s aaene nee 

Troquois: | Fayetteville........ 2,000.) ssau- see leeseeeee 
Belmont....22.--22- 6; 0008)2- 222. ba? | vatres puree = aon 7,400 10 
Chebanse?......... BV OO 8) See cre a) New Athens 2....-. 8, 000 12 | 4-5 
Milfordi2sy eee... 2s 10; 000% |e Acc-2- 5 O’Fallon........--. 6,000 |so ees ‘ 5 
Pigeon Grove...... 5,000 10 60 SestGlari22 eS  2 3, 200 4 | 5 
Sheldon..........-. Bi O00) sae eee 5 Shiloh Valley...... 9,550 15 4-5 

Jackson: | Saline: 
Carbondale......... 35, 000 3-5 5 || Brushy............ 1, 500s eee ee | 5 
DeSoto: ..3. 222-5. (Pore ae pene 6 Cottage 2: 22-2604 1,694 Bt 6 
Fountain Bluff... .. L250 os sees 2 5 Galatia® s. 22-2522 A004 ees 6 
Sand Ridge........ AU OUn serene oe 44 Harrisburg 2.....-. 65200u|saaeeee 6 

Jasper: Independence 2... .. 800) |ss02 see 6 
CGTOVOSS aoe ae $71 0]0s| I gee ra eee eee Mountain.......... REY 1 eee 6 
Wadeice -enctees ATR at ey en (Oe oe Raleipiiv 2 secon. D000 sssesee 6 

Jefferson: Stonefort:..2.2-.- 22 5,000: |-- 2 =... 6 
Blissville2.......... OU Cyaan |S ere Sangamon: Salis- 
Farrington 2........ 1 (00,4 i (espe: ier io || DULY. 2: 3525225 oee 6, 000 i 5 

Jo Daviess: || Stephenson: | | 
Derinds. 22.2 2.5. aes] 001 eee eee a A JOLEISONA se 4-6 sees 3, O00 | saeeeieee 9) 
Elizabeth.......... D000 oot aston eee Waddams........-- 6000) |Soas22 ose 
Pleasant Valley... - LO S000" }seeo2se2 5-6 | Tazewell: 

Kankakee: | Hopedale 2......... 1,142 4 is 
GaneGie.. cscee< vice OO U0 | eepmeeereaee arene || Mackinaw 2........ 9.000 |2s4eeeee 54 
Momence.......-... 30; 000 )|22Bee = ee case | | =a PTemOnt Sace-ce ee: 6,500 }esc2- 222 5 
Yellowhead........ BO OOUs| deroeee el. see | Vermilion: 

Knox: Haw Creek... ZrO |Wacee == Oe ||, SGralltenccas-cseea oe LOVEE \saSeeaee ee eee 
La Salle: Jamaica. o- 2: esa 65500; |Secee a eee 

Deer Park......... 22,000 |... .--.. 51-6 || _Middlefork......... 5,000 |....--../-------- 
Farm Ridge........ 2,000 |........|.....--- _ Washington: Bolo... PTL BS Bee al eacacee 
Mission },=2. 302253 3) D0" 2 te cee 5 || Wayne: 
[Opal epee aor 26,500 |......-. 51 || Big Mound........ 11) 600; |eeeem ae 6 

alco: |i dbeech' 2. ...22) -scner 4,000 5 6 
‘Antioch............ 4:000 |.-...-.- Bi eee he ogee £6,125 5 | 6 
NEWDOME oc aee se: 9,325 28 4-53 Burnt Prairie...... 11-0005 6 

Lawrence: 7 1Dhcotssts Peed eee 25/000) |ecce. eee 5 
Bond. se- 52-225. G, 190, | 222 ose 6 Hawthorne........ 57, 500s ae 5 
GIS OE ws eaten 35, 000 6 5 || Mill Shoals......... 5,000 | 1-10 6 

Lee: | Whiteside: 
IAG LONoes eee yee. 44, 000 20 5 || Newton............ 5, 820 11 | 6 
Ghing222, 03.0 8ee DF- O00) seco | soeeaee | S.Portlandsa2) 2.45 15,000 16 i 
East Grove2_.._... 3,500 719 ge aan | Sterlings...2 2-2 5..5. 16000 aee 352s eee 

1 Serial. 
2 Bridge bonds only. 

3 Of this amount, $3,000 bridge bonds. 
4 Of this amount, $3,125 for bridges. 
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TaBLE 23.—Township highway and bridge bonds—Continued. 

ILLIN OIS—Continued. 

| 

Motaler)| Total 
Counties and amount Bom Interest Counties and amount re | Interest 
townships. voted to BRS rate. townships. | voted to Bae Tate. 

Jan.1,1914.) 7 Jan. 1, 1914. | Ye7s- 

Will: Per ct Winnebago—Contd. Per ct. 
Channahon... ....-- $ONSOOH ees e es 5 IROSCOC ME eeasaeeee $35, 000 5 5 
Crepe ee erie 35, 000 13 5 Woodford: 6 
Cirste ee 3, 000 3 5 Ratridgenmeee eee S00 N | Seerereee | 
Dupasebsese se. 5008 | ese eee 5 Spring Bay.....-.. 25700) Saeee- a | 5 

Winnebago 
Cherry Valley...... 1225 ues aes 5 Motalereyus sees 1 GI SK EBAY meee heey 
New Milford.....-- aan ee eee 5-6-64 

INDIANA. 

Adams: Townships. .| $1,026,321 () 44 | Martin: Townships.-.| $148,870 a3 2 eS 
Allen: Townships... .- 134, 132 1-20 44 | Miami: Townships.. - 504,530 | 10-20 44-5 
Bartholomew: Town- Monroe: Townships. 599, 465! Jus... 2 3h 

SHIpSsee ee. tees - 780, 180 10 43 | Montgomery: Town- 
Blackford: Town- SHIpSiee eee =e 849,820 |....-2-- 43-6 

SHMDS Sees etteceie 1 249,063 10 45 | Morgan: Townships.. 393, 689 |... ---.- 43 
Benton: Townships. . 723, 560 10 43-6 | Newton: Townships . ASO e208 Necro 45-6 
Boone: Townships... 127,150 10 4 | Ohio: Townships. .-- 20KOTSY eae Fein oe See 
Carroll: Townships. -.} 1,016,686 310 £1 Orange:Lowushipss=|| 2170; 541 |652 2 2 eee 
Cass: Townships. -..- M6925 58h |= saihicse\|eelsee ose Owen: Townships. -. 394,089 40 44-5 
Clark: Townships...-| 1 213,138 310 43 | Parke: Townships. - - 893, 367 10 44 
Clay: Townships...-. 1,,0045354.|0 2-225. 43-6 Perry: Townships. . - 73,000 20 44 
Clinton: Townships. - 850, 000 10 44 | Pike: Townships...-- 15252960 | eace an! sae eee 
Crawford: Townships: (AS38063 | Beene 43-5 Rorberseh owas b1p Siesta .25 51 On| eee ee | See 
Daviess: Townships. - 934,988 | 31-20 4F | Rosey: bownshipseen|i 2 473s2310 [pases | see 
Dearborn: Town- Pulaski: Townships..| 1 270,229 |........].....-.. 

Ships yeasts ele 219, 330 1-20 | 44 | Putnam: Townships. (5 GAO059 | ees aes 43 
Decatur: Townships. 779, 583 10 + || Randolph: Town- 
Delaware: Townships 850, 000 10 4-5 SHIpee tes eee ES Le GY |p ate 44 
Dubois: Townships. . 21654003|Seeceece 43-6 Ripley<Rowmships == |2) 12595366) "sso o|teee sens 
Fayette: Townships. . 139;609)|- 2 se 43 || Rush: Townships... - 620; 742i Eee ee 43-54 
Fountain: Townships 425, 000 10 43-6 Saint Joseph: Town- 
Franklin: Townships. 173, 820 10 33-6 SHIPS ee eee eee LOEWE 0 Le oeonsalbeeescas 
Gibson: Townships. . 808, 770 10 43-53 || Scott: Townships. ... 108, 856 10 43 
Grant: Townships. . . 760, 702 10 4% || Shelby: Townships. . 166, 805 20 43-6 
Greene: Townships. . S61 062) Sanaa 43 || Spencer: Townships . T375300)|2- ecciee 43-6 
Hamilton: Townships BY CRD! Bokeoscel beeen || Sullivan: Townships.| 1,215,564 |........ 43-5 
Hancock: Townships. 255, 065) |... 2222 43-5 || Starke: Township....| 1254,429 |.......-|--.-2.-- 
Harrison: Townships. PAPAS eY (il Benoa 44-5 || Switzerland: Town- 
Hendricks: Town- Shipssseee sat see L6OR019N|22a2 eee 43-5 
Shipssseeeeee a: os STD E846 See sees 43 || Tippecanoe: T own- 

Henry: Townships... AT ABU yes Toe 43 Ships eee eee: 12735930) |i e- 2) 44-6 
Howard: Townships. 736, 000 10 45 | Tipton: Townships. . LE (SCY) bee cesed be seLeee 
Huntington: T 0 wn- | Union: Townships. -- CS 10 Ud seh hes ais 44 
Shipseaee se Set 1 301, 289 10 44 || Vanderburg: Town- 

Jackson: Townships .} 1 230,000 |.--.-.--|-------- SHIPSEI Sse eee WISE GOW ems 22s 4h 
Jasper: Townships...| 1 237,195 10 44 || Vermilion: Town- 
Jay: Townships...... 310, 828 10 42M Shipseaesces ade ktce 12920132 aes eae ake 
Jefferson: Townships 135, 119 20 44-5 || Vigo: Townships....- GOLE229 | sak ees 
Jennings: Townships AVTEQAOH| Meee ae 44-5 || Wabash: Townships. 784, 220 1-20 43 
Johnson: Townships. 127,025 10 4% || Warren: Townships .| 1 402,270 |....-.--|-.--..-- 
Knox: Townships...| 1824, 496 10 44 | Warrick: Townships . ASCII ES sass ce 44 
Kosciusko: Town- | Washington: Town- 

Ships Hs oe DAA DY eter Uracil by are oes (ee ship rose Gis sled ene 1 232,799 10 43 
Lakes Townships... |21, 766,211 |22. 2-2. |-22--- =. || Wayne: Townships. . 410, 940 10 4h 
Laporte: Townships.| 1 654,320 3 20 4% || Wells: Townships....| 1 473,660 |.......-|...----- 
Lawrence: Town- | White: Townships...) 1 385,680 |........|-...-:-- 

SIMPSPasias stssiaencnce 1 384, 630 10 44 || Whitley: Townships. WB sZ6QM 2 ies Neues ae 
Madison: Townships. CL OE CH) eae eed baeeeane | 
Marion: Townships. . IZ) 7G Boenoesal peeoeone | Motale sos: a. 35, 837,348 |.....--- | eae 
Marshall: Bourbon... 1 28, 500 | 15 | 4% || | 

1 Outstanding Jan. 1, 1913. 2 Six months. 3 Serial. 
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TaBLE 23.— Township highway and bridge bonds—Continued. 

KANSAS. 

Total Tota | 
Counties and amount eee Interest Counties and amount Term Interest 
townships. voted to Pare rate. townships. voted to rate. 

Jan. 1, 1914. | 7° Jan. 1,1914.| Ye2rs: 

Per ct. Perici. 
‘AMAn= TOlMwcessecee: $33,000 |..--.-.. 6 Mitchell: Pittsburg 1. $26,000 |.....:.. 5 
Barton: Neosho: Mission. .... 32;-000)|. 5222 552 eee eee 
Dakine sso cee secs 205000) | Seeeeoee 6 Ottawa: Center...... 9:500)| seaceeee 7 
Liberty 1........... 6; OOO ee seal neeee Pottawatomie: 

Butler: Douglass... -.- 9: 000 )|eo sec ze 4-43 ieee ihe aeeariee 405000: |e aesecee 4% 
Cherokee: Shawnee. . THO; 000M eee e sas lve ee: Womego........... BO, 000)|2 emo 6 
Cloud: Riley: Manhattan.... 125200) 2 see eens emeecee 

Dincolm?.........2- 18, 700 10-30 6-10 Rush: Belle Prairie... L000" |Seeneese 6 
Shirley. 2222.22... VeOOD It sosss|hacaee= 3 Sedgwick: Payne.... Oe O00) reeremeers I 
DibDeyeoaeeeee eles e 2, 000 5 5 Wabaunsee: Kaw.... 9000! eeaceee 5 

Comanche: Township fey (0/010)0| pease Mester Wilson: 
Douglas: Grant. ...-. 2 DOO H Reece ee seers Center. sesesccs2.5- 7000.1. - so ese|Seeesace 
Finney: Garden City. ii( (0)0)0))| Pee 6 CUP Ose -os ace seca 2100) ee eee 6 
Franklin: Cutler1.... Zr O00! [Secs somes genes Ball River psoees.- 4900, | -ccnecsc|aseeecce 
Geary: Junction City. 89, 600 9-10 5-6 Guilford 2 eess0- 10; 000% |aatee S3 | Steeae 
Hamilton: Coolidge... Uh 0(0) 00) [eet ter 5 Neodesha....-..... 12! 0007) Se eeee | peeeseee 
Kingman: Bennett... 17, 500 30 54 || Wyandotte: Town- 
Kiowa: Glick 1_..- 22. 5, 000 (2) Jleweccoss Shiptof's Sessccesosc D000; | eeeeenes eee 
McPherson: ‘Town- =| 
SHipeetee sa eereieae 6,000) |222ee=-sleene nse Totali=-22s2-<- GU7; OG 5s | Saeeeaee | eeeeecme 

Marshall: St Bridget.. 15s O00) eee eee 5 

MAINE. 

Kennebec: Benton... $1, 500 5 4 Waldo: Frankfort !... $1,000 |......-- | 5 
Knox: Vinal Haven.. 2000) ae wera eoseeets Washington: Jones- 
Oxford: Norway 3..-- 35, 000 35 4 19] ne 1,000 | 6 mos. 6 
Penobscot: Orono}. - 12,000 | 2-3-4 4 : 
Piscataquis: Foxcroft! 25, 000 1-25 4 Totaly secsc5-c28 78; 000) |22e222- | AO se ae 

MASSACHUSETTS. 

| 

Barnstable: Franklin—Con. | 
Barnstable. ...-.-... $40,500|.-.5.-.. 4 Northfield!_....... $30,000 |......-- 34 
IBTQWStCLs sectors nes 2 5 DOE OOO Fate sesee| Serie ee Sunderland........ 20000) see esse 4 
Harwich!........-. Gar. 000i basen ee 54 || Hampden 
Mashpee...-------- AO) |Reeee ee 4 Russell eae conese 140008 |seccetee | 4 
Wellficet.....------ 24;000 |.-...-.- 33-4 Westfield.......--. 100,000 10 4 

Bristol: Hampshire: Amherst 90; 000) |22ee-—== 4 
Fairhaven!.......- 42,000 42 4 Middlesex: Billerica... 1S ;,000) |e2ceoe" 4-43 
North Attleboro... 6, 000 1-6 5 Nantucket: Nan- 
Somerseb ssa acsc oss SOOO s2eeceee 4 tucketssec.ce esse 36,000 10 | 5 
Swamsea.....------ 4° 000i 222 eee 4 Norfolk: Millis!...... 5,856 3 | 4 

Essex: Plymouth: 
Amesbury. .<2--:.% HUGO) | ake oe, ee 4 East Bridgewater. . 2000) seen | 4 
Marblehead.......- 45;000)). 22-24 4 Plymouth......... LOOSE eee i 4-44 

Franklin: Worcester: Grafton. . 37800 t|eecmaee 4 
CONWaYinase.-s-55= 15,000 NOG ose eees — 
Gallo ee ek eae 45500 |Sicnssce 4-44 i Otel = eae ee 650; 473: |oseeeeteleee se see 
Monroe!........--- L000 |22cesse.2 4 

MICHIGAN. 

Alcona: Mikado....--- 92,000 /2e22e.6 5 Benzie: Crystal Lake. $205000)|2encneee| se meaeee 
Allegan: Berrien: 3 townships. 8950001 |2nceo eee ee eeemce 

Gunplai: ..2.-.- ZOSO00 Se oes ae 44 || Branch: Union...... 10,000 5 5 
Saugatuck.....-. TSt O00) ee sanses 4% || Charlevoix: Hudson! LOO Soacereee 7 

Antrim: Cheboygan: 
‘BanksS* 2... sieeea 20,000 20 5 ‘BentoOue =soseseees 103000) | 22eeeeee 5 
Central Lake......- 20; 0000 |2 22 scces| sateeoate Oreste oe esas 72000) |boaseose 6 

Arenac: Au Gres..... PbO | Of se cise le seee oe Woalkeruc 22 oes aan. 5, O00 eenscee 5 
Baraga Chippewa: 

DNarV CINE ox Sie Sate ole TO: 000! |cece 2 ese te occ Sugar Isle.........- 2 O00T eee asee 6 
Covington.....-..-- 185000; (Bsfeese- lance seco Trout Lake.....--. 105-000) 2:5 Ss| Sees 
Te7A nse s6- oe. see 25 000#|teaee oe. 6 || Clare: Redding.....- 3,000 Ieeceae ce 5 

1 Bridge bonds only. 2 Serial—1989. 3 For roads and sewers. 
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TaBLE 23.—Township highway and bridge bonds—Continued. 

Counties and 
townships. 

Hscanabpasee esas 
Hore River 

Minettorde ns 2 522.2: 
Wiientiaye eee 

Gladwin: Bourret...- 
Gogebic: Marenisco .. 
Grand Traverse: 

Green Lake........ 
Hillsdale: Fayette - - - 
Houghton: Chassell. . 

Colfax 
Oliver 

Ibn One as oaeasases 

Tron: 
Crystal Falls....... 
Mastadon.....-.... 

Kalkaska: 
Clearwater.-......-. 
Cold Springs....--. 
Springfield-.....-.. 

Lake: 
MMlworth 22 eso. 
Newkirk ee epee! 

Leelanau: 
Isa ON) SSA obeecees 

Townships (3) 
Mackinac: 

Manistee: 
Maple Grove!...... 
Springdale......... 
Stronach se2-2) == 

Marquette: 
Rowelltes ee) ees 
WIGIR SA 

Mecosta: Wheatland . 
Mason: 
Custeresen es Sacse 
ITeGIS OS. ete el. 
FRAVieECOMe ess ssc 

Menominee: Stephen- 

Greendale!__.__.._. 
lingersollas as 
OLOM esas ae 

MICHIGAN—Continued. 

Total Total 
amount pee Interest Counties and amount term Interest 
voted to arg, | Tate. townships. voted to ¢ rg, | Zate. 

Jan. 1,1914.| Years: Jan. 1, 1914. | Yeats 

Per ct. Midland—Continued. Per ct. 
SI6x000)| ee eee leeeeene. ar kine ese reise Ae Si eee Seer a nea 

Mount Haley.....-- O00 | Semeeme: 5 
12,300 10 5 Missaukee: 
5,000 5 5 Butterfield.......-. 4000) |i eens. 6 
SNOOOK Seeeeee 5 Clam Union!...... SO0R teats 4 

1020008 Serene. 5 PION COTPSS Bees ss 6, 000 3-9 5 
SeO00R Boe 5 West Branch... SHOOON aes Saal ent 

E Monroe: 
8) 300) (Ratan ane 54 Bedford........-.-- 39,000 13 5 

1030003| 522222 4 [Di peaaiccaeaeeenes 40" O00! Geta saes| eee aeee 
7,000 6 5 Milas sere see dle 30,000 20 5 

10,000 10 5 Whiteford........-- 60;000)|2 22-52 5 
LOSO0OS eee 5 Montcalm: 
3 DOO tL sae a. 5 WUreka 2222. as sels. 725 10 5 

20, 000 20 7 Montcalm........-. TNO 45S ey 5 
Reymoldse 222.20 LOXOOOL Ze eea. 5 

BOKOOO) | Bee es | Re ey fs Newaygo 
24-0008 Pee eal tee eee oe nsl6yeeee cee oaene 200) | en ecee 5 
TSSOOOH | ewe ee eal eran Grantee we ae eeseie B00 0) Sea 5 
3, 450 1 5 Grotoneeesce acess 2OSO00) Ee oe aleeeeers 
B000K ee atees 6 Four townships. - SOS OOO! Fee aris |e ere ee 

Oceana: 
ZOOM RES eeeH ner eens Hilbridges 2... a2cee 20, 000 21 5 
25000n (2 eas. 6 Goldens ase 19% 500) Pere eee 5 

TONOOON see eee 5 Greenwood!........ 1, 267 3 6 
2ORO00 gi Se aieseee Ee eee TAT Geen Recraer: 442500) beceeecWaceocioee 
IPOD eas eae 5 Pentwater... 322-5: 205000H eee sees 6 
754 O00s| aon ween sen ee Shelbyse eae NERO) ie ene 5 
50, 000 10 44 Wearess eee gest S000) eee ee 5 

Ogemaw: Cumming.. 5,000 20 5 
122 O00R eee 5 Ontonagon: 
122000 sates 5 Ontonagon......-.-- LONOOO3 |S ae aes 5 
620008 Ae ease Carmlakes 2 22 eee ZONOOOs Ne Ne sace | Saeco 

MecMillan.........-.- OE 5008 Ra RUE ae cease 
15,0003 | Sees een. 5 Rockland. 2222222.) 28,000} sist ee rere iets 
205 00082 ses eee ee Osceola: 

Bur delle eas VOSO00: Esse ee 5 
GHOOOK |e shee eu |Lises tear IVb Sere ey 2 14,000 20 5 
NOOO eta aee |e eee ae Mla nitiwickese oct snes 8,000'|- 22.225. 5 
CE PSCO OB): Pazar eae ee oe Hersey ! 60008 Rare: 5 

Wincolneeea- see eee 5; OOO) Eeeeeeee 5 
6 O00K Se aee ae 5 Marion ae sass: U2 50008 |Eeeerss 5 
GOOON Bae 5 Osceolaz se 8 B55: 25,000 15 5 

Otsego: Hayes. -...--. GOO) eeseeee 7 
TAS OOO) eee 5 Ottawa: Robinson... 8,000 16 5 
Z2OSOOO) | Meese eee uee ine Presque Isle: Allis... 2° S00; eaaesace 5 
26; O00 hss. ee eee Roscommon: 

Gerrish esse eee he 15; 0008| Asses 5 
SSO0S Esene ine 5 Richfieldey ene 2 18, 500 25 5 
4° OOO) See soe setae ae Saginaw: 
SOOO) esa ee aia Blumfeld se ase. 1OKO00) 22a cece 4 

Bridgeport. 22.2.2: 205 O00} ieee cell eterera oxstate 
SO OOO Nyse eee Maple Grove.....-- LOSOOOK Saar eer: 4h 
SOsOOOh eeaue seoalle paces: Richlands eee es so. 205000) Fees 44 

StyCharlest-ns. 5 OKO eoeseae 5 
OO} ie aes df Spalding seas ee Sy OOOF Eater 4} 

AOAOOOR ee ees ae re St. Clair: 
500k See eee 5 East China!._....- AOOOW ee eee 5 

Kimball 256000) |e 4 
SOE OOO ee eye Bene eal Sanilac: 
3; 000) 2.224) 5 INOLTEStORS ee ae. Aen 5,000 10 5 
mL OOO eeetprae ya [Bye oe Wheatland......... 5,000 5 5 

Schooleraft: 
2.08 OOO), |e aes Rees pent Hiawatha !....._... 450005) seco ese 6 
USSOOOM eee ewe eee eee Mueller ess. os2ss252 6,000 9 5 
20000) |e ee ee Tuscola: 

MMINe Ones seer Br SO2|seaaeeee 6 
11,000 10 5-7 INaITPTOVOrs =e 20; 000)| See eteralisaesecee 

Wellington.....--.- 4°50 00s tees cel eeeiae aoe 
9 O00) Eee 5 Van Buren: 
3) O00) aeeeeee 44 Covertieee tae eee. 25,000 5 5 

10, 000 1l 5 South Haven.....-- 25, 000 5 5 
Ge SOO MSE erie see Washtenaw: Salem. ..! SUN pine Bene leeeene 

1 Bridge bonds only. 
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TABLE 23.—Township highway and bridge bonds—Continued. 

MICHIGAN—Continued. 

Total Total 
Counties and amount ri Interest | Counties and amount aris Interest 
townships. voted to Bite rate. | townships. voted to ears. | Tate. 

Jan. 1, 1914.| Ye7S- Jan. 1,1914.| ¥ | 

Per ct. || Wexford—Contd. Perict 
Wayne: Redford....- $50,000 | 20-30 43 Henderson.....--..-- $2 50003 \ee concn ee oe 
Wexford: South Branch..---. 2° 000'|seeoee- i 
PAM TIOC Use eretelate =e 2, 000) Weecersee 5 —_—— 
Cherry Grove....--. 300 010 Res eee ee = Totalesc.222222-|' 1,926, 185) |booseeslose eee 
Greenwood.....--... 5; O00 ee. 2se- 5 - 

MINNESOTA. 

Aitkin: Goodhue: 
Cormishe-.see2. 2 $6,000 jens. 2s22 4 Central Point?..... $000) |tenenees 5 
Rlemine = Soe ee ae 12000 Sees a 4 MESA 2h esi becca 4-800)\2 s2actee 5 
FIG PON eee esse el 1 O00 hee ae 4-6 Houston: Yucatan 2. . 2,500 5 5 
(ODOM: 2ces shee eee Oy DOU s |e eteee mee 6 Hubbard: 
JGVNGR .8 foe horns oo 4,000 20 4 NTICOL cose ee reas 3, 000 110 4 
JOWOLT oe a2 oe eek O50) pa seas 6 Badouracs sec 222. 45 : 2001 see 4 

Pequadna......-... S000) |Seeeacee 6 Farden...........-- 1, 200 10 4 
i ee 4,000 19 4 Guthrie............ 1,000 | 6-10 4 

MierdOn oa vccein-o >= 1,000: | 5.622. 6 Hart Lake......... + 000n| sacs 4 
Wagoner. -<2-| 5,000 |........ 4 White Oak........- 3,000 | 5-20 4 
Wealthwood....... 7, S008 | Sees 6 || Isanti: Stanford2..... A500 |Te ees eaee 
aes aie 2 C000 Hees 2 oe 4 Teese ee | 
Workman. 025025 O,000 lea Sae- 6 ee 

Becker: Spring Creck. O00 geese 4 eae rae add 2 500 : ‘ Beltrami: Bal Ge are ece deat Poa H 
WAN Cee ee 2.000 5 4 alsam.......----- 20,000 |-..--... 6 

: 7? ‘Bass Brookess2-.--- 15, 000 4-15 5} 
Kelliher...........- (AUN BAe 6 infieinas 8’ 000 20 8 
Wabanica........-. 9,000) 2252-2 4 aerate cen 12’ 000 6 

SIM Feeley............. 3,000 | 20 6 RBar hte gf on, Saas LSLOO toe fea ee (atekenas rien Nec as 10 650 : 
Dongola... 2.2... 3,000 | 118 4 nie PICS sae eld Nea 2 

Marcelle, zsicoce:4 10, 000 20 6 
Watab.......-.-... 1,500 |......--| 6 Trout Lake 8,500 | 3-21 6 

Bigstone: Otrey...... 2,150 5 6 pa ts iter ’ oe 
Brown: Prairieville?. 2000) |Peesess = 6 Jackson: | 
Carlton: Enterptise2 22.222 SA000" eee 4 
Barnum........... 2, 200 15 5 Sioux Valley....... 3, 600 4 
Beseman..... S000) |beeeece.e 6 Kanahec: 
Blackhoof.......... 3,000 15 4 KerosCh ele seen ssa5 2 85400 |-252-52 4 
Carona = 52526523. 4. L500") See etes|esecees IPOMTO ys ot Sees ae 4, 100 11 4 
Maple. 2. oleae ede SPL 0010)| (eee es 4 South Fork........ Ty500" |Seeeee es 4 
Holyoke........... 10, 090 15 6 (EGIL arlene 3,000 10 4 
Gala Vallee ae ee 3, 000 15 4 Kandiyohi: Lake 
Knife Falls........ 3,000 | 10-15 if Mlizabethi: 2222-22. 5a0neeore sacle eee see 
Lakeview.......... 9, 603 20 6 Kittson: 
Mahtowa......... 3,000 20 4 IDAVISE 22 s65 ae 1,000 10 6 
Red Clover... ..... | 3,500 13 4 Ia OCK es see ee 125 300i tae eee 4-7-10 
Split Rock......... 3, 000 13 4 POrC Vine te tourer a 3,000; |saeee eee 4k 

Chippewa: | Red River....-..-- 1, 100 10 7 
Cratezce ae eae 5,000 5-20 4 St. Vincent........ p40) 010) Pape es ee 4 
Lone Tree2..._._.. 3,000 20 3 Spring Brook...-.. 1, 400 5-11 4 

Chisago: SPVGG coe ccscecn ce 15000 )|2 222s 4 
Rushseba2......... 600 7 6 INS) o 2 eegree Opes Negra 6000) | eae enes 4 
Sunrise2..... 5,000 6 4 Thompson ?....._.- 1, B00? pokes 4 

Clay: Koochiching: 
Uc) E00) see en Pea Gsp000 eee cee | 4 Bannock: : ...- ees 3, 000 10 4 
Flowing........... 1000) eee scss 6 Cingmare.........- L2E0007 ase nese 6 
Morken. 222 .acc~ 4,500 19 | 10-7 Dinner Creek... --- 3; O00Ne eee 4 

Cook: Englewood.......-. 2,000 | 11-20 4 
Golvillew sc cateneoss. 12,000 |........ 6 Forest Grove....... 2, 000 6-16 4 
Grand Marais... ... 16,000) |seen- es 6 Grand Falis2....... 1,500 10 6 
PI OVION 2 enon oes 20, 000 (1) 6 WEIMOSON 2. sce ee- 10, 000 20 6 
Maple Hill......... 1D; 000)\\ee eee ese 6 Koochiching....--. 15), 0007 | Seseeeee 6 
Schroeder....::..- 8, 000 14 7 Lindford? ........-. 3, 000 12 4 

Cottonwood: Rose Medine. a.-22cocee 7, 000 10 4 
12 1 Eee aren eee 2; 000M see ose 4 (IPinteenOD se see es 5, 000 10 6 

Crow Wing: Little- ROC Yee sees ase 6, 000 10 4 
19) ia (= apes teeatacgy te eee 3, 000 5 4 Sturgeon River.... 3,000" 2eeeee= 6 

Dakota: Wildwood......... 8, 000 4-11 6 
Randolph?......... 2,300. |lsac so ase 5-6 Lae Qui Parle: 
Waterford?........ 2,500 4 | 5 MCh unin eo eeaacee ee: ee ee 4 

Dodge: Ashland..... 2,650 1| 6 Ten Mile Lake..... 5054009 Fe teeaee 4 
Douglas: Belle River. 2, 300) |S ae eee 5-7 Lake: 
Fillmore: Pilot Two Harbors. ..... 22500) {o.22 oc55 tee eee 
REOUN Cece seers epithe eee 6 Wialdoenntc.sssceee | 3, 500 ! 4 

1 Serial. 2 Bridge bonds only. 



HIGHWAY BONDS. 

TaBLE 23.—Township highway and bridge bonds—Continued. 

Or On 

MINNESOTA—Continued. 

Total Total 
Counties and amount term Interest Counties and amount perm ‘Interest 
townships. voted to oe rate. townships. voted to GENS rate 

Jan.1,1914.| Y°@7s Jan.1,1914.| ¥ 

Lineoln: Diamond Per ct Per ct. 
ILAKGS See eeees S500e tet ecss laters Pope: New Prairie !. $800) eco eee | 6 

Lyon: Eidsvold!..-.. OYE) eeceseee & Ramsey: White Bear. 1255008 | Sees see 4 
McLeod: Red Lake: 

Chyllitnies See egeeeaad 3000) eee ene 4 Lake Pleasant..-... ILE 110) 0a eee re Hoe e ee 
Rich Valley... .---- O00} |Peeeaaee 6 Terrebonne...-.-..- iL OO; ||\2 s)he 5 

Mahnomen: Redwood: 
Beaulieu ss 2 22 - - TAINO) | Se eracee 4 Brooksville sees = 3, 000 5-10 4 
Be Olli ae 25-5 2. 1,500 DOM ste sioee Sundown) sis. 22. 45 0002|- 220-26 7 
Isi@re Soames eee IS WO) Weaesasae 4 |) Renville: Crooks....- PEDO ease doe | 5 
Townships... --.---- GiG00)|\ eee zeae eee Rice: 

Marshall: Bridgewater 1...... SA000 9 eee eeee | 5 
NTIS ee 1, 200 5-9 4 BL Cray eee ewe ae 2, 000 5 4 
Biggwioods: - 22.22% - 1, 400 5 8 || Rock 
iDonnelhyese se s-- 1,000 10 7 1D) Cnivere ees eeeee 6008 Senee eee 6 
incon wee Te 6, 0CO 20 6 Kanaranzi......_.- 3000 fee eeeee | 6 
WOES SE ORs ea IBN): Beoaaaee 4 UV. ern eee ater 25500) |e se saa | 6 
West Valley. -...--- 1,000 20 4 Springwater 1_...-. 88000) | eee eeeet } 6-8 

Millelacs: Roseau: 
Bogus Brook1...-. 2° 200M eens 4 Cedarbend.......-.- TE AO Uy eae toe [ 4 
BAST Sides. Se) es 500) Beet 4 AD Y=Y=) ye Bee a ete 4,000 20 6 
TRENTON TS), Ge 12, 000 20 4 Dieter wanes nines Ow500! | sae 6 
Omamniaeey: sree 4°000 |... 32. - 4 Grimsted aa. teehee CSO) eae eaclossbaecs 
Pare eee intron 7.000 9 4 JAdisMeU ee ke Une 65000) ean 6 
South Harbor...... 3,000 | (2) 4 ST ae a TG00) | aaa 4 

Morrison: Malun oe eee AOOO} eee 6 
nil mans se 4,000 14 4 IMac kinloc kes ase G3600)|2=2-22e2 6 
HVOSIN Lee oe 800 F-13 6 Mooseei ean. ae nee 8.1600) P24 2 2 6-7 

Murray: Des Moines EG) bi areca oosesee OS OOOH |Beseeces 6 
IIVCLER Gee oe sacaiac 2008 |Eeeeeee 4 VOSS ee ERS eee 10, 000 10 6 

Nicollet: Belgrade ..- ASO00Mteeeeees 6 SPrucese a, eee 58000 nee 6 
Nobles. Townships . . 5,700 10 4 Staliordseee eee see- 5, 900 5 46 
Norman: Stokes®i@ezecse ss. 9, 500 20 6 
NmiGhonyel ieee O00 | Sacre 4 St. Louis 
Good Hopes. 222... S3)(00) | Saoecaos 6 SAS G See eee srk: GROOOS | eee. 6 
ETO RTE rete: Seis rare 800 5-10 10 Beatty seus emcee SA000N a hes see 4 

Olmsted: Rochester-- e692 4h Canosiaeea ots. =a LOSOOO | Pee ee 10 
Ottertail: Clintoneosuste se 3,000 | 10-15 6 
IB USL eae cee a LOS 8h eee eee 6 Mesaiba te ea. e a2 LE SUND ee seco) 53 
Eagle Lake..._.... AQ 0) Ronee ae ees: Scott: Belleplaine..... 1, 500 3 | 5 
Maine te neato es PLU Dab eaasee 4 || Sherburne: 
Paddock ie. 522224: IL (00 ee amasee Seances Elk River:.-.-024: 50008 Been 6 

Pennington: IbiVvONiaaeenemeece se DT OOOM ee ees 4 
High Landing...__. 3.0008 peaaeeee 6 Malimereceejese soe. DANO eee ae 5 
Rocksbury.--..---- 1, 500 10 10 Sibley: Dryden-...-. 51 OOO) eee eese 2 | aera 

Pine: Stearns: 
PANT diaeresis Sue 250008 | Saeeee ct 5 Brackway....-..--- 5 00U Sasenece | 4 
Brookpark... .....- Bp Gy 0) |e eease 4 Grovielee esse aes TA SO0 AB aseercee | 6 
BLUM gee eset oe VAN OQ0ON| esa ae 54-6 Paynesville......-- 330008 G2 2e oe 43 
Chengwatanal____. 34000) |Beceeees 4 Steele: Lemond.....- LF A00 ES ees 6 
Danmtortheees seo! - AS OOK | ee eersere 4 Stevens: Baker....-. 850) |Psveseek leeks 
AN eionhbalees Bs hge aa 10, 000 13 6 Todd: Little Elk. ... 5, 000 7-16 4 
Kettle River....... SAGOOW eee ciee pale cicoets || Wadena: 
Mission Creek.....- Ss OOOM Eee 6 Bullard teem eeee ee 1,500 (2) 4 
Partridsel 2 22-5. - ON500M ees cen 6 Huntersville. ...... ORB O OK lense ien fe Nua aera: 
ipineiCitvle 22: 2, 400 6-13 4 GEOW eee ets se oS 008 Eee tee 4 
iPokegam~as = so 22. 1, 700 10 4 Wing River1l...... 1,900 9 4 
ockereek 552-5: GOON See areee 4 Washington: New- 
pWalmae easier. 28500) | eee ee 4 Donte sere ae ae 202000} haem 5 

Pipestone: Sweet... . 255008 |Pecisecir 4 || Watonwan; Adrian. 3, 000 25 5 
Polk: Wilkin: Andrea...... 22000) |e ace 5 

Mairlax seen sees 3, 500 5-15 4 || Wright: Townships. . 350005 pean 4 
Mapleyese secs e ea 12,000 5 4 || Yellow Medicine: 
Gentillyss; 28 teee: I OOOR Maser 4 Oshkosh lise 22.018 cA(00) 8a eer 4 
INES OA eR eee ie 5, 000 20 6 Wright teetees > soe 35000) Es -acece lees ee 
Sandsville. _. 2.2... 1, 000 10 10 
Sliven es a VAS OO ere eee 4-10 ADoyitzy I ie i A oo 9822805 saa arae | eae cers 
Mab One sk. Beas ee A SOOK eens 6 

1 Bridge bonds only. 2 Serial. 
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TABLE 23.— Township highway and bridge bonds—Continued. 

MISSOURI. 

Total ; 
: ae amount | Term of | Interest Counties and townships. watedita years. nates 

Jan. 1,1914. 

Nodaway: Per cent. 
TRO is Se tera ee ene a eee ee err eee een 2 ae eee $50; 000s|ooae seceee |semeceeees 
(Walon eee hans Anrep k. 65a te seh cheer gs oe nate as oe 15,000 (Q) 6 

Ota) set oes tecateees att he oa Ses Ste aes ean eS essen seae See 65; 000; |22se22 oe eee 

NEBRASKA.* 

Total Total 
Counties and amount aig | Interest | Counties and amount ve Interest 
townships. | voted to aah rate. | townships. voted to © rate. 

| Jan. 1, 1914. | y r | Jan. 1, 1914. years. | 
| 

| 
| Per ct ; 

Dawson: Lexington..| $6400 On| tame | aee ee Platte—Continued. Per ct. 
Keith: Ogallala...... 26;670 |o- =. 2-2} 2-- e208 LOUD Ss ocak Sane $3,000 15 6 
Lincoln: | | Oconée:2-2 2222.2 6,000 15 6 
Bostwick.......... A OQ00 eee canescens Seotts Bluff: 
Elersh6y: 2 2s-.s42s- 20000) tee see eee Castle Rock and 

Merrick: Loup....... 3; O00) ieee eee japon Highland ....... 12; O00 22s eee ee 
Morrill: Township...) TO OOUEC sa eee eee (FOPRTMIO Soe eee 10,000 20 5 
Nance: | Winter Creek. ..... 15;000)| cee neeea|aee on 

Gen0a lz. sess 222. 82,500 20 | 6 
Township......-.-. | 145000 222. - 2c Peemaerse Novaleaeeeesees 246; 1700 ooeee ses| eee eee 

Platte: | 
Columbus.......... BO;OOO} essere. |aseeee ee 

| | 

NEW HAMPSHIRE. 

Total ; 
= : amount | Term of | Interest 
Counties and towns. voted to years. Fetcl 

Jan. 1,1914. 

- — ~ ss — | 

Per cent. 
Gra rronreB Tistols. dase aie se Sameer Aten ete Oe og EE IN Tee cicger® hares $15,000 |....-..... 3 
Merrimack :3E OOkSeti the se eee ean ee 2 kee ee ec aoe ee 25,000 20 4 

TO Ea eee oe ees oe i ae ei De SS ea OO aA a eee Sie! A0 O00 .se2neews| eee ee 

NEW JERSEY. 

Total | | Total ™ 
Counties and amount bee | Interest Counties and | amount rn ‘Interest 
townships. | voted to | rate. || townships. |_ voted to ears | rate. 

| Jan. 1,1914.| Years | ‘Jan. 1,1914.| ¥ | 

Atlantic: | Perct. || Camden: | | Per ct. 
Egg Habor.. $95,000 |. 8-13 | 43 Delaware... . 3 $5000): eee: | 5 
Hamilton. . ee 97; 000 | 2.2 eee een Gloucester... .. . 6,000 |... A 5 

Bergen: | | addons... - oe 2; 900) ee eee 5 
Franklin... . ; 75,000 |.. el + Voorhees. ...: a ater 200020. - 5 
Hillsdale........ 45, 000 Del 5 Cape May: Lower.... D000) 2. 5 
Hohokus...........| 22,000 Wee. an. 43-5 Essex: Belleville... ..| 87; 000) oe ene 4 
Midland..... 30,000 |. 5 Gloucester: | 
ORV Ges ioe Sites. 7,000 |. 5 Monroe..-.-........| 500 5 
Overpeck......... 75,500 |....:..0 5 Wollwich.........: 3,900 5 
Riverdale.......... 25, 000 31 5 Hunterdon: West 
OT ees 2 ety | 42,500 30 4 ASMmWelLs cece Acc cr.s 4,900 |........ 43 
Washington........| AE DOO prea aoe 5 Monmouth: Neptune. 23,000 |........| 43-5 

Burlington: | Salem: Upper Pitts- 
CHEStOR ES ceases A000!) seevatctece 43 OTOVO ccc cciewcs seas 800 |... 0.-.- 5 
Northampton...... 15, 000 30 4 Union: Cranford. .... 3,600!) 25 .eee ii 
Pemberton......... 10,000 |........ 44 ST 
Southampton.... 15, 000 30 43 Wotaho: ace ceee 160,600) 52. eec|eecemeer 

| 

1 Serial bonds. * Bridge. ’ Bridge bonds. 
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TABLE 23.—Township highway and bridge bonds—Continued. 

NEW YORK. 

Total Total Term Term 
Counties and towns. oma of Tiberest Counties and towns. eee f Eierest 

Jan. 1,1914.| Years Jan. 1, 1914, | Yeats: 

Allegany: Per ct Jefferson—Contd. Per ct 
Angelica. ...0:)5-: $95 0005 iyi 58 | Sune 2 Philadelphia... ... $8000 |e ose e|eccenes 
SClOtyeeey eran De OOOHIE 55h teas eae se Riutlandee ses CRUUO ean aoallasecneee 

Chautauqua: Lewis: 
French Creek...... 3, 000 3 4h IDenmark=seeaswes 6, 000 6 5 
Keiontoness == 22) 22): 4,000 Assen ee Wowwilledsnes fabs PECL UU Pe apearal lsoone eae 
Westfield.......... 285000: 4 Oneida: 

Chemung: Augusta IUO Na sauadnallboncsdar 
IBIgeHMAtSeee se eee AQS6455 | Rear 44 Kirklandiess2).ce TES OOK hae eret a | eae eee 
Chemunge ee. 2050008 Raameney: 4h Parish ss ek fa ienls SSOO0H| Pees ernest eae 
TOMS See eee OE ADB i ie segs 42 Vernon.. ZO0X0001 |S ees | ees 

Cortland: Otsego: 
Cortlandville....... IU) ea eosulleassoaee Maryland=as sean SOOO) Bee. cere eee 
lakoyeaYrs Coat ee ea ar ANOOO Rs ioetseed mee es Umadilaes se seas BGO) rere bara el 
Marathon.......... AS SOO ea rie ok fase psc Wiestiordesasee sein 2 SOOH| Siri es | eee 

Delaware Putnam Putnam 
Middletown........ GYOOONI eis sa. a |keermeses iValleyesna eee 25, 000 12 44 
Siduey eben 1 beer 1 A003 | See = ern ee Schenectady: Prince- 

Essex: IRON Att bey aaHR ere 1,200 1-4 6 
Chesterfieid........ GTO a stea eal eet hata Seneca: Lodi......... TE ZOOU een ata eetan en 
WMCON Oras ke vies 000) | Rai eee |benen rere Steuben: 
MO WAS es hacia ie bee 65 5003| Roe aoe tReet ee C@anisteos seks oe US ae Anal loaaenson 
St. Armand........ ASOO0s| Sa eintaen| teen cae Coming ayer ae 13, 000 2-5 5 

Franklin: Rathbone: 05. sun DVASON ways heel| tear eters 
IBOMpaYsene ees SOOO eh eee Sa aire au Suffolk: 
Malonees wees. SHUN  eeene cle anenos East Hampton..... 70, 000 6-20 4 
MOIR ae aice este USUUD ea eee ata ene Huntington........ TOSS Rees as | eee eae 

Fulton: Caroga....... 35, 000 6 5 Babylon and 
Genesee: Le Roy !... 12 ROOOH WANE ee lbeeatrt ty. Southampton.... SOS OOOH IES asi iza||aeeeeeee 
Hamilton: Long || Tompkins: 

WAKOtR HE Ry Se rsatsie: SOKOOO Ree series eee Lansing 1. nets 5, 000 (?) 44 
Herkimer Trumansburg... Pees PLO Eases bagnoode 

Frankfort.-........ 2,765 4 54 || Westchester: 
German Flats...... GR OOO ete ae aac ree iBediord sae nn aa is 
Frerkamerze..- 88, 232 11 44 Cortlandt ee. 
Manheim... 25,771 12 44 Eastchester........ 
Newport!.......... 12,500 16 4 Greensburg........ 
PRUSSIA Se ioe: sve SHOOOH te ese else et chs arnisoneyee ees 
Salisbunyenio-. n- 5, 900 5 5 New Castle......... 
Schuyler...:....... IPE GEIS ce Bo sullenonpeas North Castle....... 
CD Deas cress 17,000 19 D IRelhanteen seen ee 

Jefferson RGVere ae eee 
ClayGonesas ye: sassy TSS O00) | ie espana bee. Scarsdalotss nee a: f 
Mhisburc en PAN Val Fodele stl eid White Plains....... 218) 0008 Eeeiayaaleeeaeee 
Henderson......... DE OOO a rea else it? —_—_—__—— 
Me yAN Oe ee MS es 2 25} 000H Heer |iae tines Motaleseeey ween |t2eOollsil Goll Peesee ery. bere 

NORTH CAROLINA.3 

Total Total 
Counties and amount Teun Interest | Counties and amount vem Interest 
townships. voted to eats rate. | townships. voted to a rate. 

Jan. 1, 1914.) ¥ | Jan.1,1914.| Years 

Per ct Catawba: Per ct 
Alleghany: Rowustip CHOCO) i cgas eB allesrissaee PVCkOryesscecn ce -s- $90) 000) P22. s2- Pee ea 
Anson: Wadesboro. . 2.0008 See sea gew se Newtoneo.: Seen. SOROOO! | eee Saas | eee 
Ashe: Horse Creek... SRSOOH Seseene (eae ee || Cherokee: 
Bertie: Township. - BE(UU Id ieee eet 4 ee ogee Murph 50, 000 20 6 Unphysene eee F 
Bladen: Township. MOOI) eeeeesaclseeecrae Valley Town......- ATE 000)||22 sees 54-6 

ve mitneiiie 35, 000 ; 5 || Cleveland: 
aparece oe 15, O00r le we 50° 5 Kings Mountain... 25, 000 30 5 

Buncombe: Black Sy higsie andi 20, oe 15 y 
Mountain.......... PURE: esses | rime 2 ownships 6 an 50,000 |.-...---)..--.--- 

Burke: Morganton... 50%000:\| sae es ae ae Davidson: Lexington. G0; 000) eee ea ieee eee 
Caldwell: Lovelady - . 255000) Be sar eee ee Duplin: 
Carteret: Calypsonrss uesuee G0 C0) een eae eae 
Morehead.........- 10, 000 42 5 Maison ee beeen ee T5000 Ss sees sees a 
Newport-t- 2 5..5.: 3, 000 42 5 OSehi ay sae seeees 20° 000) | Beeps eae e eee 

1 Bridge bonds only. 
2Serial. 
3 By act of legislature, county commissioners have authority to sell bridge bonds without vote of people. 
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TABLE 23.—Township highway and bridge bonds—Continued. 

NORTH CAROLINA—Continued. 

Total . Total 
Counties and amount ie Interest || Counties and amount a Interest 
townships. voted to Gays rate. || townships. voted to ears. | rate. 

Jamal 19lde Yee Jan.1,1914.| ¥ 

Duplin—Continued. Per Ct Moore—Continued. Per ct 
Wallace.....-...-.- | bn 0/010 Reese | aceee aoe Mineral Springs... LO;000) |Seeee nel ese 
Watsawe...sscce2.- 20; 0004 Ses 3-2 Selene ge | ee soanicl Plat een Sas TOX000 ||-eeeaee= 6 

Franklin: | Nash: 
Franklinton...-.... 140, 000 30 5-54 || 4 townships 402.000 |e soe ee 
Louisburg.......... 70,000 |........ 53 Manning........... 50/000) | Seeeeee | ee 
Youngsville ose. ve Sa OVO! eee 6 Onslow: Jacksonville. LOS 000 0\ Sa aeees eee 

Greene: 7 townships... SO ODO eee || Seema Orange: Hillsboro.... 40,000) |e so eeealesesoeee 
Halifax: Pitt: Greenville.....- 50, 000 40 5 

Winfield 2 32 es | 60000) | Seaeeealseceeeeee Polks TTvo0nlsc. 25.552 12-000, | es esese|Saeceees 
Je tihlitz> qkepen ie eee AQF OOD E see seahorses Richmond: 

Haywood: W st eas Beaver Dam....... LON000) |2-eeeeeslseseeeee 
SVL Renee elas D0; 000; |2essse22 5 Black Jack........- 5,000" Rea seae. | Seecceee 

Henderson: Marks Creek....... 15-0000 Be eeeee| eee 
Edneyville......... 125000: | Meee ce seer see Mineral Springs.... D000} eee sean oce sees 
Hendersonville... .. OO SO00R Ea eee as see we ee Rockingham ....... 20,000; |a2 nos eeleaeee ce 
Hoopers Creek... -..-. 20; 000) |2-32 gees Ses Steeles veces teak 15000) |aeee aces | tenner 

Jackson: WiOliSafPiLbesenc see 25; O00!) We. Saeene sccm 
Cullowhee.......... 30, 000 Scotland: 
IDWIishoroc 3234.2 2.2 15,000 | Laurel Hill........- 30, 000 30 4 
eGo Pees 15, 000 DPRUS Leena 20; 000) \seaeeee 4 
ShdbyC ie aoe ne ere 30, 000 Stewartsville....... 003000" | SaGo ene aac emer 

McDowell: Williamson........ 30/000. |-2aees ee eee 
MATION aso see eas D0; O00 2eee sa 6 Stokes: 
INCDOMaesacceoseecs 10000 dees ee cce 6 Danburyeseces. 2.e 15, 000 30 6 
Olde otters. se =: 2 20; 000: \acaccee. 6 Meadows..........- 40; 000 30 6 

Macon: Franklin..... 100/000) |\2i2=s5-a|2oos5-5 Sauratown......... 50, 000 30 6 
Madison: 2 townships. 20000 | a.cee oe lecesec a Surry: Mount Airy... 85, 000 30 5 
Martin: Warren: Warrenton. . 50; 000e See Ses See eee 

Robersonville...... 1510100 Reese eee Wayne: 
Williamston ......- 40)'000, |beaceteeleoncocee IBTOS OCU ees geno se 40000) |. aoe eee 

Moore: Goldsboro.......... 1005000: | 22a 2 eee | sae ee 
Carthage........... St 0005| 2. 2eaece 6 Wilson: Wilson...... 1000005. 3 ooe—25 see 
Deep River-........ 12°00 ee ees eee ————— 
Greenwood......... SOROD0) | Sau eee See tek ELOGHL soem oe ee e101, 000) see cel eee 
MeNeéeills..........- | 14,000 | 10-30 5-54 | | 

OHIO 

Adams: Wayne...... | $7; OOO 22 ac. | Cuyahoga—Contd. 
Ashland: | ||  Warrensville.......| 10/000 tlace ese eee ae 
Montgomery..-.-... POSA000 eee seals coe eee jee West Parkes 252) 2. De O00 se Sa eee | ee eee 
SOUIVaN. cnc onnes 25,000 | 10-18 5 ||, Brie? Groton)... 25,000 |........ 43 
Over ences eee 70,000 | 10-18 5 || Fulton: 12 townships. 392;/200 ||'..2-2see 5 

Athens ; | Geauga: Hambden... 3, 000 6 4 
Cangauiws.c..24s2-< 1,000 2-4 5 |, Hamilton: Springfield 17-500 | |zemoaeee 43 
A biahaal ol (oir tanya mes 20} OO0u eames =| ee eee Harrison: 

Belmont | Short Creek........ 93000: |222 eee b) 
Goleralnicss se. 25 20; QO0s|Steccce ssc cess NEOCKe. ce dee Ns 2 A005 oceans 4-6 
IRBABG Seer ce eee 83:000 |. .222s. 5 || Henry: Ridgeville -.. 25900) |eeseee 6 
Pol the yens-2- acces 2b; O00 BS sees e senses Huron: 
Wialren 2. o52s6ce56 Bo OU0M es eel ereoeae | “Bronson. s cease: 15,500 (3) 5 
Washington........ 40; 000! Vesecsie's s|aeeaonce Greenfield. .2. 2.2.26 4, 800 (3) 6 
VOR isss22.2% feces 32, 000 16 5 Greenwich......... 64, 000 (3) 44 

Columbiana Caecataoe ee 28,000 } = (8) 42-5 
IRethye sto eeee eee ee i 25, 000 (3) 5 New Haven........ 50, 000 44 
Ste@laingeseencee ee 20, 000 23 5 New London....... 40/000' |e. 2s22e— 44 

Crawford: Town- Norwalk........... 25; 00022262285 |eeeeeene 
SDIDS:, seen eeon ee 355, 500 8-20 4-6 INOrTWwichs22—-e22-. 2 46,000) |2 2-2-6 4-5 

Cuyahoga IP BRU eee nears 15, 000 (3) 43 
Bedford............ 38,000 |occcunes 5-83 Richmond......... SL 000) |22 4 as= 6 
Brecksville......... 19, 000 15 44 Ridgefield.......... 85;000-|- --s2 22 5 
(Brook yale aches es: 7, 000 10 5) Sherman. ciccacl ots 40, 000 10 5 
WOVGl. 22 a2eo eee 35,829") cos s2 en 44 Wakeman.......... 21,0008 Seeen eee 4-43 
Lob (NGL Eee 32,161 24 44 || Jefferson: Sirinefeld. 24, 000 29 43 
Independence. ..... 52000 -.-232c2 44-5 Knox: (Hillari- 2 222: 10;,000)\| Sessa. eel fence ae 
Mayiieldisse= 22225. $000! |2-- cece 43 || Lake: 
Olmsted Be easaecee 30,500 |2222-... 44 Painesville......... 45000. | eoeeemae 6 
Orange. 225625252 32,600 |......-. 4% Willoughby........ 88,000) |o.25- 222 43 
[PATI g Seen eee sae 16000" Se acon 43 orain: 
Rocky River....... 30, 900 8-16 | 4-43-5 Briphtonssesss-2sc2 14S0003 seeeee = 5 
Royalton........... TAY Pa | ey oe oe 43-5 Columbia.......... 94,000) (Beene 43 
Jo) fol ee eee ee ee 145000") serena 44 (Gratton. eee 40;.000):)2-cc.sccre 5 
South Newburgh... OD; 000 saee <h-25 5 Huntington........ 10-500) |22osses5 5 
Strongsville........! 10,500 1-8 43 Rochester........--. 20; 000) [252-2522 44 

1 Flood bonds issued without vote. 2 Bridge bonds. 3 Serial. 



HIGHWAY BONDS. 

TaBLE 23.— Township highway and bridge bonds—Continued. 

OHIO. 

Total Total 
Counties and amount peru Interest Counties and amount ee Interest 
townships. voted to rate. townships. voted to ears, | Tate. 

Jan. 1,1914.| Y©7s Jan.1,1914.| Years: 
_ {ioc cee 

Lucas: Per ct Per ct. 
Monclovassce cs ace $85000)|/Ssesaeae 5 Scioto: Porter......-. $10,000 9-19 44 
Springfield......... 2,000 2 6 Seneca: 

Mahoning: PAG AMIGUsw ea sae otis 10,000 10 5 
Canfield...... ns 100, 000 25 | 42-5 Big Spring.......-- 60,500 |.......- 43 
Ellsworth.........-. TSS500) Saese ec 44 Bloom tee ee eerece 72,500 10 44 
PORN 5 sgsjsceLen 15 HOO0N | seneeene 44 TDSC) Soke aneSue 66, 000 13 4h 
(Syailin. os seaoodee 1OOSOCOR eee eee 44 Hopewell.......... StU es She5 44 
Springfield.....-... CSOD ae seeaae Bacecaue ondoneeee soe seeee 115000) | Paes | aces 

Marion: Tully.-...... AQ SOOO! he See ae Ses SCIDIO separ eeese Zt O00: seers 4 
Medina: Senecasees sees AT 000) |eenceene 4 
Brunswick......... D2 sO00K| eae eee 5 Stark: 
Guilfordes eee Sa: G45 000s Seeeaee 42 Cantona seeseaunes 20,0005 see saeen 5 
Hinckley sei eee 20, 600 20 5 Bexinetons--5-45.,22 TOSO000)|2ees se 4 
Wivenpool.c. 222525. 19, 000 12 5 Sugar Creek.....-.. 145000; Been 5 
Medinaees.--4- bes WER Ssaescoe 44 Washington........ 4500 Oh | pene sere 5 

Miami: Summit: 
IBTOWMes ese ee eee 1, 200 (@) 5 Coyentry=- 22425242 OE) Eas sotocinen ocece 
Concord... Ms O00U| so seevee | hate oes ITI GSON EE eee ean oe 1OX000)| een 4} 
Newberry 2 OOO 8 Scene 5 Richfield 222252. 03000) |e esse 5 

Montgomery: Stoweesse nice faeo- | StO0 On| eaces ee 44 
Clayeeee se ee 30, 000 5 5 Twinsburg...-...--- 30 OO}| Sie em 44 
Van Buren........-. NOLO Be ASasese 5 i} Trumbull 

Noble: IBUIStOleeee sees S000) fence = 6 
Caldwelleet=-e. 22: 6,000 | 15-19 6 Howlerssse sage eee 103000; |e aee 5 
INO DICE: oe as 200008 tees seee 4-5 Wibertyee se epee sce 100X000) 8222525 5 
Oli Gag Secesen ee eee 205000.) 25 _ ace 5 Lordstown...-.----- 100,000 3 4 

Ottawa ING WLODEe sseensesce ATPOOONS ces eet | samerere 
INilenWeais ce csmncoes SUNOS GES aseA basaeeas WViLOTIN Dee eee ee 25,000} 22 eens: 5 
WB BV eeyeeie eine Se erie 24450) | oe ee 5 Tuscarawas 
Catawba..-....-.-- 20" 000)| Seno o ue 5 aU aie OR apenas 10,000 5 5 
Danbury. ss a.c5- ON 2008 | eels atets 5 IBOLBY) noe ae 1,200 3 5 
NCTICNe RR Ee AO ESN 22, 000 7-15 5 Van Wert 
ETAT TIS oe ein ee 45, 200 25 5 iEVarrisoness eects 125,000 25 4-43 

Rernys,@0ale 2 oa ise-- LON OOOH Bee seer 6 Jenningsseeeep ace: 21 000i|Eeseeees 4 
Pickaway: Agib erty =e ee L445 000s Pose ce 4-44 
DerbyAseencteses-: IA UNUE Baseaced eceadeos iPleasantaes s-oteees TSTAOOO) Aeeeeeee 4-44 
Macks Ones= =a seene DSHOOOE ee sieeiscielecccice RRidgetesecce cree. 255000) | Seseee = 4-5 

Portage Tally eee 75,500 23 4-5 
VATInOT ASE eee eee ANOO OES eee aaa ste Wallshireseeersaasa T0000) 2222s ee 4 
BT UTMLOL woe.) Caysf0 10) 0s) kes are hese eh IVOnKecese sania sists TORO O) |e al ooebcce 
IRVAVeNniawe. we ee 9,000} 2-10 4 |! Vinton: Vinton...... 54 0E | eee eee 4 

Richland | Williams: Brady..... 30400.0%|eeeeeeee 44 
Cassa tate 30n000)|seereree 44-5 || Wood: Liberty...-.. E 50,000 5 | 45-6 
iPlymouwthee22- 22-2 615000) Seae es 5 W yandot: poeree och- 
NHarOneee setae esac 5OS000N Ee se2ee- 5-6 UboaGaneeeecue i 46,000 10 43-5 
Wiellerseseee cs. oe CORIO eaesneee 5 

Sandusky: | Total... 5p283,0008| se ntesceltae cae 
Ballvillose: se. e- 12" 000!|seseeees| 4 || 
Madison=262 5.51522 Syl OOS earns | 43 

OKLAHOMA. 

Carter: Rogers: 
BerwiyM=s-2- 25-252 $15,000 15 6 Catoosasns.-22a55-' $3,000 25 6 
Morgan ees ea 405000) |Mee ace eee oe Merdigris.2-.- 3.825 14, 288 25 6 
WWalSonte ena esis TOMOOON eae cae eae re Stephens: King...... 27, 500 15 6 

Creek: Sapulpa-...... 50,000 20 5 Tulsa: Red Fork..... 50,000 Sea once lacaoseee 
ae Millers cote 185000)| 222 ae Bae es Wagoner: Stonebluff A 5001 Sees Sete teee 
sage: ——_— 
Bigheart ..-........ 50,000 Totaleesse eee B82) 2881 | Sesame ee ceitars 
Big Hill... ats 50,000 |... 
Strike Ax 50,000 

—E ee 
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TasLeE 23.—Township highway and bridge bonds—Continued. 

PENNSYLVANIA. 

Total Total 
Counties and amount eee Interest Counties and amount en Interest 
townships. voted to ae rate. townships. voted to ars. | rate: 

Jan. 1, 1914. | Years: Jan. 1, 1914.| 7 

Allegheny: Per ct. || Clinton—Contd. Per ct. 
AMIN see ees $18, 000 20 fi Wed yinere eee $12, 500 10 is 

Reserves:: 25t..--5- 2150007) 502 ee 43-5 WOR AN Sete cemse siecle 150 |acscecce 43 
SCO cicemeae sect 5 10, 000 8 44 || Columbia: Mount 
Stowessecss22c: ce: 20; 000) |seaeeeee 43 Pleasants assi-c- =e 250!l\ceee eee 4 
Wm ON Saves oer 13; :000\\|e eeaee 5 Crawford: 
Versailles. : 2.22.2 3000) |S osee= oe 5 OiliCrégless.e. cess 1, 700 5 5 

Armstrong: Wenango.....----- 1, 960 6 5-6 
East Franklin...... 4,300 17 44 || Cumberland: Lower 
Kiskiminetos. - .-- 5, 500 20 5 (Silents eee oe 2,350 |........ 5 

+ iT) Olas miele 5,000 |.....-.. 5 || Dauphin: Jefferson. . Ses a a 5 
eaver: : 
Big Beaver... ...-- 5, 000 9 eal eau es 5 ASHtONSScccnae eis 125000) |eeesacee 4 Chippewa-==.--...-.- T5850 | cisciarciecie 6 Darby 3’ 500 

Dougherty.......-- 5,412 |........ 6 Edgemont......... TT O00 feo eas 43 
ae oe 1,000 4 6 Middleton. ....-..- 13,000 |........ 4 

Bloomfield........- 4,000 5 PEN Ree ec aaeaeer| MI See ee 
Liberty. ....-..---- 400 |....--.. 4 Upper Chichester. - 3.400). nee 5h 2 $4005 |2-eeeee 

. poe Woodbury. - 9, 500 4-10 4-5 Upper Darby....-- 99, 800 50 43-5 

IAISAGCO.oc:0 5s sees = CAUU a S eel ARe eer ane ; 
Richmond......... 1, 500 1 5 enzinger.....---.. 3,450 |.......- 5 

Blair: Franklin: Gargin=-| "W000 (0200000 5 G Peeececee |e) 5; 800iseataces : sees 5000) |eenaenee 
ecmmmniads: rit eee # || Fulton: Brush Creek 5,000 |........ 5-6 
Taylor....-.--.--++ 4,500 20| _ 44 || Huntingdon: Spring- 

Bradford fie] sere com eaee see 30D) |geeeeeer 6 
ArMe@niay coos. - aac 385 3 5-6 Indiana: 
UN Sanye aeeelans Sascee A50) |soeee ecle enon ae Conemaugh........ 8550022 sees 5 
Warren. -seseeec ase 800 1 4 BING perc assis = siecle AAT S| ooaaseee 6 

Bucks: WAG. < Sacsccccens 9° 000) |S aes ee 5 
BristOl essen eee te Be sosdleeenees 4 || Juniata: Greenwood. . 2000) eee 5 
Middletown... ..... 50; 000 |--22.-.. 4 || Lackawanna: 
Southampton. ..... 50,000: |. cs2<i0-. 4 Covington 322 o-ss2= 15000" |s ese ce 6 

Butler: Jefferson.........-. 1, 100%) se ssc 6 
(Adami Steseeeee s5-e 3,000 6 5. || Lehigh: Whitehall... 65, 000 20 4 
IS Utlen. ecm sectors 5, 500 15 43 |) Luzerne: 

Cambria: Middle Tay- Ein locks ace 25300 eos ees 6 
NOresee seer on as L2b0) eee nee 6 RIBINS tee eeeeese es 45, 000 15 5 

Cameron Plymouth. atepe's,c = in 15, O00s Reese 5 

Grove: 2ss50-5525% 1, 600 8 6 Wilkes-Barre. . ..-. 40,000 |........ 5 
Tumi ber le ee s.- cc 2, 200 3 5-6 Lycoming 
Shippen ses ssees as 8, 000 10 6 ET GD UES erarete omic 3,000) |e eee nae 5 

Carbon: Penn Forest. 3, 800) |ss=-2=0- 5-6 WGOWOSse eens cs ee 600s sees 5 
Center: Nippenose...-.-.-- 2: 380) Von esiese 6 

College sc: cscs secs 5 McKean: 
Grer eh cements 5 ASAT. 55g ete s 211 noi 2,200) eee 6 
Haines........-.-.- 5 WET CS Sacer eeeie aaa 3; 0003 | se tees 5 
Half Moon... ..----- LOOM Cece etene 44-5 Wldrede a. 2. seeeee. 16008) 522 eee 5 

Chester: INOSTCI ea ameteern = ere = 6,300 Pp) 6 
East Brandywine. . 00h eee 4-5 ls bpaltinis eS Ames A108) |e sl eee 
East Coveniry....- fy 2008 | aeeetace 4h OtiOnee eee 15028) [22a 6 
East Goshen....... 04; 000) Seer ssc A Mittin Derrys. 2s. LO; O00) |Ssceeea. 4 
New Garden....... 7,200 30 5 || Monroe: 
New London...... 2. O00) eee eee 5 JACKSON enone 650) 2228. Selossenens 
Yeah at-eee rueet S000 Ices eee 5 Middle Smithfield. . DS O00) |e aces 5-6 
Pennsburg......--. TY, O00 Seee eee Fy Pare GUseeeease aa. = 2,000 5 5 
Tredyiininiss. 2-25. 12, 000 9 43 IPOCONOls= 2. eeeeeas. 2,180 si seecs' 4-5 
Moalley once se ae ocac 2,300 |eoecsees 5 Tea) Mig AS Senor ebmore O00} saeeeeae 4 
West Brandywine. 2; 000" esc Goss. 43 Smithfield). 2222. 2=- 7; 000 ose 5 
West Calm......... 5, 000 |ossceene 5 SiOUCe ee sace = anaes 05 480i re tere | eee 
West Goshen...... 2,500 | e2zen a. 44 || Montgomery: 
Willistown......... 40,000 |........ 4 Abington.......-.- 290,000 |.......- 441-5 

Clarion: Licking..... 4000\ 7. 32sec 6 Cheltenham. ......- 155,000 |... 2-2. - 3-4 
Clearfield: He NOLEtONs.ci-o== 4/5000 cee 5 

Belle 2c cscs. see 5000) |2ce2-a56 5 HOrsham.o.<aeecee 25,000 |........ 44 
Burnside. o552222.- 2, 000 5 5 Lower Gwynedd... 16, 000 23 44 
COOPER a. wosseae UO003| aeseecte 6 Montgomery.....-- $000 \eaeeecee 43 
PIECE TNS cee eae 5000) |s-s0--2. 5 Springfield.......-.- 20, 000 10 42 
Pereuson. 2.22... (0 | Srestevaeevere | tt verererare © Upper Dublin...... 85, 000 3 44 
A LIGHG es rtcia specs D690: |Ameemcetlna eee Upper Providence. . 9/000" |SSeaseee 43 
VORdaM 220.7 -mesecee 750) |Satenec alee eee W:.. Norriton.=....- 12,500 20 4-43 
Lawrence.....-..-- 45900 || oeeceues 53 Worcester.......... 22,500) | s222-5 4-42 
Penn le. fece seeds 2; O00 see. 2elaeeccesc Perry: 

Clinton: Jacksons... saci SAH eeaiesee 5 
Dunnstabler....... 1,400). 22.256 5 WobOyDeCeseacseee ZO0R ee see ee 5 

1 Bridge bonds only. 
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TaBLE 23.— Township highway and bridge bonds—Continued. 

PENNSYLVANIA--Continued. 

Total Total 
Connties and amount ce Interest Counties and amount fem Interest 
townships. voted to evi rate. townships. voted to ane rate 

Jan. 1,1914.| Ye"s- Jane, 1914.) Yeats 

Pike: i Per ct. || Tioga—Continued. Per ct. 
Greenee 22.5255 265 $3, 500 7 5 Deerfield. ..-.-..--. $5, 100 5 5 
iehmanhi aes S700) eeeeme se 6 IMORTISe 322 a7 ret csi 3,357 7 6 
ipailinaym ae ee eer mets s 1 200H Eee esses 5 Nelsons eee eel AY ALO) ee oe 5-6 

Potter: DHIp pene eee BOOZ ieee 5 
Binghamiss 22-2). - OAs eer ee 6 EDO a MEE e/a BE OLE Nee eee 6 
Oleia ua en eee CB Hoecanpe 6 || Union: Hartley...... D2 (oy aete ee 3-4 
IDjoU eb ee Sc es AOD | eeeiome ar 3 Venango: Allegheny - Dh 2008) aye ose ecuerta cen 
eetonsee sacs a8 2HOOOM| Erserrattets 6 || Warren: 
OSWerOnsec se aq. sc6 Te) | Peneesee 5 Conewango...-....- GE600H | Been eee 6 
ico mmiser eo SECS STAN ee aaa 54 Corydomle sees. tOOOW Peace 5 
IBOLLAZ Caste ee oe IG) eae sseee 6 South West........ VOU eseaeer 6 
Stewardson........ 26021) eee 6 Spring Creek....... GOON See ee 6 
WresBranche: 9252). 2 PETAUUM Peet Oty 5 || Washington: 

Schuylkill: Hanoverses ssn te 3; OS0N Pte ss sce loner eae 
Delano eeeen esas DOOM eee ce 5 Independence. ..... ZOSO00 HE eeaue 2 6 
E. Brunswick. ..... GOO} | Sees cmee 6 || Wayne: 3 
N. Manheim........ 688230 eee see 6 Cherry Ridge....-- 00) ee eee 6 
US Sse e ee sie ces SOOM eae aeetls 4 Drehenss eee eeeree is OOO |p se arses 4 

Sullivan: Wehigheey seen ay ssa ALAGLOO) Wu ee 5 
Colleysee aces eed AO 2 TA GBH eeiaets acl erercielareS Westmoreland: 
HHOr Seen ani S00) see see 6 Higomiers2 hess eee St O00) Reece 5 

Susquehanna: N. Huntingdon... OOO) tise 6 
Mpolacons<<2.-)-2...- Mais) | Beceaaor 6 || Wyoming: Northum- D200) sere ce 6 
JNb OWA, A SMe nes ANON ee eee 4 Iberian dee ea sane 
IBrookdymasce see CHOON Eee wane eee Windhamillt:) 2205s HOON ete Mee 5 
Forest Lake....-.-.- OOM See meee 5 York: Fawn.....---. (0/010) Bee 5 
Jackson.....- Bie ee PAE i ies epges 5 pace 

Tioga: Motalie reese PLE RERY (EOE) ee opeceal season ; 
Brookfield......-.-. 3, 769 4 5 

RHODE ISLAND. 

Total i 
. amount erm of | Interest 

Counties and towns. voted to years. rate. 
Jan. 1, 1914. 

3 : Per cent. 
NV eShine TON SOULRMIGINgStOM ees semiprime nat cae ease ale Na) eae lo S260 0005) ere see | eens 

PANG) eat at NR ence SR HCL al de Bee Nis DES OOM | Mea see tail ee eaten 

SOUTH DAKOTA. 

ote Ht ae 
3 é amoun erm oO nterest Counties and townships. See iy years. ara 

Jan. 1, 1914. 

Per cent. 
Stamilen Ash Cree eo wepc tal yi ud eer ayia aay Shee NON AE Vania es Sy $3, 500 5 6 

IRON Uy a2 no aoe S000 eine teers eee 

VERMONT. 

Total if : 
« amount erm of | Interest 

Con An ESierstes touetlss voted to years. rate. 
Jan. 1, 1914. 

i . Per cent. 
ENC GISO TMi Gl lle bury, vert aS RR rans Cota gu tM DniD a EP RLU A On SU 500M eases ena eee eae 
Bennington: Bennine tom Centerssoee ce: eas we nh ONO Meaney Eta! 10,000 1-13 5 
Franklin: 
TEX) el gSI ETS he ee POA as i LE eR A NL a ta TL Ne, | Ste me a rl Seek 
STrel On Ne aE ENS SARI RIG ND SUN eae VLD 0 tne 5 PORE ORS Nos ur a TROSORE Seeente Ie eedooc 

1 Bridge bonds only. 
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TABLE 23.—Township highway and bridge bonds—Continued. 

VERMONT—Continued. 

Total 
3 if amount Term of | Interest 

Counties and towns. voted to | years. rate. 
Jan. 1, 1914. 

Grand Isle: Per cent. 
Grand Isle o22 ss cnrectes 2st olde es Pa Sa cee oe niet de Bes thet Sane $21; 000'|. 2. sseslososceuces 
Tsle: Pa MOtte25 osc 8 he cae ce hanreeemetas d2 nick 2 alate te ciais-s.srasisisereis 25000) |= sere joo eee 
INOGUD YE enO ns see nee eet se ee ane ee eee eee eee eens ae 000 eae So ee 

Eta eee ae etna ae ce yee ane a Senne Se erred 17289 11||t eee |e aoe 

WISCONSIN. 

Total 
- F amount | Term of | Interest, Counties and townships. Tabata years. mare 

Jan. 1, 1914. 

| Per cent. 
Tua Crosse: Onalaska. .ccav ss cccne tse sieyss esse 6 le hos eerige eet tains | $11, 000 10 5 
Darikep Del tome ces seciee aan ees eet a Sia ee rear oe erage ere are 165000" asscceecee eee 

CO Gal Sees cee ea eS ey cre ses ee elcid 27) DOOM e225 Sones | eee ee 

TABLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913. 

Counties and districts. 

HD) See eee ee eS, ns de 
BIG eee eee Seok aes See anise 

IRGLTY ere oes oe tee cee Seen aes a 
AVUSSOl ee eee pases A eee Ga 

MonteOMeny,c5=-.-See sce sian = a 
Wroodruti: District 12.22.2225: -22.2 

Dam Mateos sas anes. eee S- See eal 
Santa Barbara: Carpinteria 

ALABAMA. 

1912 1913 

Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. vears rate. 

| 2 

Per cent. Per cent. 
Be eer eed eee SLO0 F000 lac oascece lees sees 
Be eee ee eel 1250000! \on oe. oe lees 

$100, 000 30 Diab Sis ersye ere hee ay Me oes ee ee 
100 O00/| sanetes oe (eee a |S ere ate ed ee 
123,000 30 Cid (Bearer sme ae eatin rte) [eae 

Nee ayers ele sa |S saree operat, | eae eee 100, 000 20 5 
onc mieeots cule Saiiate eas pewicceseres 130, 000 30 5 

110,000 30 | Bi aes cinco al Seep ae eee 
| 100, 000 30 Obes he cet ne aire 2 sell ee opens 

PBS OOOH Se acnae! er BOG O00) Peas corel oedema 

ARKANSAS. 

eee ee ee ae $2, 815 12) Seen 
igo 8 22550 A| ee once eee ea kaees 100003 eee ears oe | sehen 
2 Re ee |. 22-22 --ee[eeecine seen 30,000 20 6 

See er Rae foe mid Lae Pet #25815}? vege eee 

CALIFORNIA. 

Lite cect | Sele ee ee eee $2, 500,000 25 5 
$1,370,000 |... ..:---- Ohi sas see shea] Ss See heehee aeeepee ere 

100, 000 * 10-25 4 | nose Se coast | sects coc|seeaeeecee 
Deen a | ewes See eee TeBOO F000) hte. ce eee 
Pap Da tN bee cae | SNC 1, 250, 000 40 5 

50, 000 20 6 | eceenckemcc | Scena ue sameeren 

155205000 |Easeesescaloae access 52003000) een eetrate. eee ee 



HIGHWAY BONDS. 63 

2 SELB 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

DELAWARE. 

1912 1913 
| 

Counties and districts. | eri 
; Amount | Term of | Interest | Amount | Term of | Interest 

voted years. rate. voted. years rate. 

Per cent. | Per cent. 
Tico todos ances sana decuseboeeds bocese so dede| baooododse| poesse5nec $30,000 20 5 
IN/Gii7 CES GLAS ee eeeene: eee ee eeaseeoes $105,000 |.-.------- 4 1 475,000 20-51 44 
SiRROIX. -c ek codacu bope Ss BeSE Base one Obes EeSaS bE Sesed Sebssoscos lscocascars 30,000 5-24 4h 

CTTGfiT eee ee TOSKOOON Sess aee aes [ee eae | B35 OOOs| Seer eee coe [neat eee 

FLORIDA 

IB yshioyrolS Jah. See arose neo eres) Nene SaccsoS Secesaaeed Paeeoaeaac $25, 000 20 6 
IDEGO) = Se oe eos Si ee YSU OULU a [EA Sexe |e acct dr ban new oe 
ID® BOiOiss cobbe cca seS tee eas eae seaee GA e Ss eon ee ee posecebers eee Searle 7 EEUU) Beesoneses| baoscedses 
Tied has 32) <2 eee ee oe eete Bete 20,000 20 As | RUDE eS alte «Sons as| sos see 
Ieignipnyvel®.. ss 2sse dane seeGauBeaeesS 55a SpooSecaode beosebhone4 basecconca 100, 000 30 5 
(EMTS ONO oper yao eaten era | eme 2c /alet eloia,- | are eee tee | eee nasi 1,000, 000 30 5 
Tel@jheaess: Il GSN Or Cea Se eHe bee secoce 4 |soccosaoeebe| eaaeacoase| ceseoosaec 40, 000 30 6 
AKC ner ee eye aie eet se Se wlarae | lowisure cteloicle =| =a) aetarncin| =e eiceene 500,000 | 215-30 6 
Orang eerste rhec ooo tceiseseceicce 2005000) | Se aaseeee |e a see 600, 000 39 53 
Palmubeacht eer > eS ccciee PUD) BS sec nebo aseranctial bocuretocenal bendeatnas Wocanacess 
TERS) 52 52 cco 7s SE BOER AB EEO Seq >bSbee| SocSs soocgebe | Eossencose BessuRCaee 150, 000 30 5 
iBinellas Meee sts sel ies coins o's 370, 000 30 8 (| Secor Soe] Ran neees on enessta ac 
iROMGe-sWanterhavenee aos 225 j2ce2 koe se TRANS eben obose| nee saesrecl SacHeaesceur GEaaseeacda em cobescoe 
Wal tone ereeseere esos kanes ose ee 10) 0003 fcc eee] Ea ese pee eee nne nr Perernenen 

atop.) Seta eee 1,240,000 |.........- | Eee DeGGSHO00| aes ee 

GEORGIA 

| | 
TBle@kle ype ee tte eo a Sito a oe IesScasse anes Eee cern [ye ams er ne $8, 000 30 5 
Colqinitizeees: = sa5 228234 San2 ese ss oe behaves ey |aebpaicoanand ese sce ctor AQO} OOO) emetic oes 

STROM ap eA | ee errr Wires Sateen AQ SWOOO) exe pas Aes |e eye tae 
| | 

IDAHO 

PANG ANS cece eS Hapa Sey erais ais Stell ois cialeeicin.slace =| USemisecetelsie | eieie Sesacles = $200, 000 10-20 5 
IB CansWAkOer omic cor onus ce osetia te $45, 000 20 TE lecaeeneuaaca) besaancsad tretaresac 
IROKD 5 Lois Sau ae OeE es aeee See eee EOROOO) | aera IS sie ce ere| tek secre a nae ee ice etee |e ce wee ee 
Canny Ont sa saan eieloe Sos eeetiets 47,620 10 Bl ba eose puedes acuanan aed kemoecacs se 
HremontseD IStiChals a= saab iateices| sire eo -si- | see asin ec|asceeenas 120, 600" 10-20 6 
COUGINE. .650cq055cdesseasdeoesSeSeea npoooTetaeU4 acueeceseR beSaeaenan 160, 80) eae epdend lsveenssane 
Lincoln: 

SHOSHONEEasass soe ce at cescke sess 80, 000 10-20 GPalSeeteeceec | semen ne sane ee 
UIC GCE se scfyehe nee ce Seccm cise slam seicicee's oe) eiscce eines |senicaniseni= 50, 000 10-20 6 

TP aay TRIAS Say a lp Ln fc a Ferien 3 100, 000 10-20 5k 

Ota etapa ea DANG DOI em eem eee |. eee! 6304000! Riper ane: |Paeae etaee 

1 Bridges, $250,000. 2 Serial. 3 Bridges, $50,000. 
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TaBLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

ILLINOIS. 

1912 1913 

Counties and districts. Townships. aveaae Term Inter Maat Term Tht 

voted. Me Ss voted Y est 
years rate. years. | rate. 

| 

(PeTCh (Perce: 
Carrolle sesso ee ee ss WWiOOGIAN GIL =soneelno sesso sect eeaaacelnesees ae SiS QOOY |e eres 5 

WiysO Riese ose sics|Cacsee seo ae acess sential 3, 500 1-5 5 
@rawiord--+---2eeseee eee eee Honey Creek... --. SIF AOOO tes aeen tees eek 35,000 | 20-25 5 

LamOttes <2 eseese 20: 000s) sacs esse|a2 onsen 35,000 | 20-25 5 
Oilomeg oo gales |e cpio eae) See 35,000 | 20-25 5 
Robinsons =2- 2-22 Dh O00 eco eel oo See ssl eee een Seeman aes 

IDG ical ly ees ee Maltasoces-cs-scat 8, 500 2 D- dae acc PRG e |Seeeee eee eee 
DOUG ASa erase eee BOMOTG ecco e ee 35, 000 133) | Saisie sce Se ses eee eee 

RALSen brece sce 35, 0CO 2-7 By Voce cern clef ne steal oes erect 
HG Pate sucaee eee sees eee ane Elbridge... <225.2- 2; 500 Jon socc es Os ices ceklses Ee oeecs pees 

Embarrass......-- 35, 000 10 Di, [bike eee cel eee: ces eee 
Edwards: 

DD ISELIGH Once see eee Sora: | sala ee es alee s slam ermine] Oe eet emits eta coc mal ae anatase 3,000 2 6 
Wi LTOMecs serena se Sean aoe eae Orion 2s 2 se. 2-2 7000) |paceeets BV eeewckets| peer cess eee 
Callohiniene cece es Sa Bowlesville....-.-- 1, 000 1-2 4G) Ss have sara| Aeron ares | eee eee 

Shawnee. .-2-...2. 7,000 1-5 A tl oui eee et Cees 
JECKSON See ec arene eae eee Carbondale......- 35, 000 3-5 By i iie torsos [ee eee | eee 
VellersOnie cess ceo soe e a Blissville1...-...: ESl0is eee ere ee 10) Desde Meee ae 

MALTINStON eee seen eee (tees Seer 500. Secs eee eee eee 
emia GG eee tats oe ate Ganeeri.s.s<-s3.05 Sy O00 §| sence eens Py ston Wace ete | aun 

Momence....-...-. B85 000i eon. cos eae 5-||Ses ee aoe Seen |e 
Yellowhead.....-. BD; O00 2eed2 |p eoncces |seeeeeeens Hee eeees | - eee 

Mp Salles ace searee. ck es Dteeh waa tel nip (oC s{cGe Seed Re eos oe ee | ee pee 2,000 1 5 
WaWlONCss.¢ 204-4 22e ef 8 HD STII SOM sete | ele ee hare | eer aie Peete 35, 000 3! 5 
SC csios cae esses cess ase ESTED Wetetspec eee es 22, 000 20 a 22,000 20 ff 

Chinn eer een as. ZR OOO sa cceae | taeee tes | Seem eer teers [eee ee | eee 
EIATINON Ane rel eee eae | ae | eee 3; 0000) Sees see |e 
VWiblae 2 oto eee ees | ore etcetera ee sacs 13, 000 1-13 53 

[Pik Cet eres tote eas ae DEI yest ecs see 07070) eee eer ah Ree Beeree| eee sece 
Hadley <ieiccee seine Dap) oi s22e ee |Lecssten ll eee eee | Seen ee 
DTAT Gt ee sae L200 We Soe ool esa ares fais Ses ee eee eee 
Kinderhook. ...... OOM oy oosiedid| Re 22 vee 6 aes | oe 
Pleasant Hill..... Ae OO ne eel ee es 2 eee 1s eee on 

Dba Clare a ae ee Centerville. 2552. .2 Ze DOO! irwod oa | eae eee ee | ees eee 2 
Fayetteville....... | POCO" Ss Se kote eae cael cm | ee |: Soe saee 

Dalla MON ae ay ee eee eee PalisbUry.<-2.---. 6, 000 5 BY |S 2 oc |e eee | ae 
Stephenson. .....-- Pa eceae eee VeiersOnis=- 2552.5. 3) OUD' cs eae 2| Soames tie ctacee | Se eee eee 
Wail O eee ae sete Sena WGC CHIE sso t5 zoel orcs nese aoe ees | eet eee 4,000 5 6 

Massi lori. wes ae ere kG ae, lhe 2 ak |e ee 35125 5 6 
IWiiHiteside* 2.2325 ---235 222... Stern ee 22st en TG2O00ME 2882.21. 5 otepeel eects cee | See eee 

Weve enas apeee Sete. CTGUGS = aaa Voatuacsine o|t ai aeeeeleweeees 35, 000 13 5 
CHStGr ete ccen cess | Pepn Uses s|b oon acid [a> eae 3, 000 3) 5) 

Ota sae Meteo eee alt sue oe ee tere | 424-700)|\s sone eeenee DER NEY gs berets jer Pea ane 
} 

INDIANA. 

AGATIS spite ve teen oe eee Saal we a nie era ete alee ee ee ee oe es ey ee $151, 550 10 44 
BlueCreek. 2. sleec oe osc ee eels eee 15, 120 (2) 4h 
WON CH ae teres. | potest |s oe ee | eae 5, 280 (2) 43 
Paritord 5. cec.ce2|* <2e 2p oenlao on cea = 8, 240 (3) 43 
Strela eaten aes | See eeng toe eee gee 10,160 | (2) x 
IMGATO Baier 52 Meh eee ts ee cre [amas ae 25, 440 (2) 44 
B33] 0) (seo ees See fy omens ot eal eee wl he ee 6, 560 (2) 43 
RO0tis 2 aoctty gee ese ioe feel ehe a | ees 17,120 () 4 
be MEATY Spero er | ee eee es |e eee 6, 400 (2) 4h 
Wabashise.c4 s.cnot |eoceascaac eos t ess 6oee Se 32,940 () 43 
WOSHan SHON: © cet Sateen eee | eee ae 69, 740 (2) 4h 

STL ODLS 2 avers cx ctay erase eestor sha leiarale| seeale w'pieie e ote eat Pac | Crareter state ara | arta sane she tate ates 53, 840 10 44 
Jackson........--- $36, 320 1-20 ALND. ciccichteel screencast 
Lafayette......... 22,800 | * 1-20 Ado) 5k ll ee or 
Madison.......... 35, 930 1-20 ee eee eee ree 
Maumee........-.. 30, 842 1-20 ae | ices 2 ore ate | ayaa pees | stator siete 
MOnTOe 2 =4en ones 8, 240 1-20 Pe Pe er ere seme — 

Bartholomew scons. 56-202 Townships........ S280627| se Sees ee eeeeee 79,216 | 3 10-20 43 
Clittvis. =e acme seh 11,520 10 2a ere es eed ee se 
Flat Rock........ 5, 000 10 Ad ds ee |e 
Haw Creek........ 16, 500 10 a ae See ie 

1 Bridge bonds only. 2 Six months. 3 Serial. 
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TaBLeE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

INDIANA—Continued. 

1912 1913 

Counties and districts. Townships Ree gs erm Tater poate 1 ecm Inter- 

voted o est voted. Y est 
years. | rate years rate. 

Per ct Per ct. 
IDG. oo choo CdSe GOO C OSES SEES BER OGE CS PISE AE) ee a naan UremaeE << | Cte meee SU 5008 seee sees 43 

GATE Be AR ere Sea aan I ads [italy aor 11, 156 10 4s 
TTI COT yA GTO ease | eee ee | ate ny Hops eee 2,926 10 4, 
Wa (e] of kena ko Ke 2.8 psy eey hi | bara ty Se eal eg 4 mes ee 1, 643 10 2 

PS OTIC mmm et asap eteials sis laseinlais = aheicieeieiciecicveveieizicicie iene $145040): Sees |e oo: 39, 640 10 45 
Perry pee ee 6, 000 10 alee ica S8 oa lh asl Eo Grp rarees 

Carroll 
Cass: Districts 1-3 
(CIA K eee cosas Sesesee 

Decatur ‘af ale) o\—im imi! ol |= i= (= == sin =i =n | 

aalalavefetsteloteloia)aia =) =i2\o\alalel~ 

Howard 

Tehyaprtsepierntstace irae circ Mlnac. 

Fonpacceeessestcogenes 

2 Bridges, $25,000. 

52448°—15 5 

lh een aE ae ae 122, 750 

iContarae eaten see 
Montgomery 7 s-2e|e-2 220220. 
Patokaect samc selbice sores ors 
WMIOMS me eee we tele 
Townships. .-..-.- 550, 000 

“White River......| 6,320. 

“Harrison..........| 7,100. 
Payloteise cts else ae 9, 200 

Seite ake Maecenas hes 10, 200 
Branidini7: ae 9, 200 
Wind Ome ee yaya ifs |= ae sees 
EO TERN GY ia AROSE 52, 988 
JACKSON Meas sere seen one 

“Hanging Grove...| 5,800 
Kieeneree sare ane 18,000 
ROWNSHips 2 see! ase eas 

Dig wisi peeeears | ou gen teas 

iDowushipss:2) 2) 2| ae 
Wancennes®: 2 eat | bee ana 
DEIR MUR EE ON 0 1,440 

Bh Re HEN g0" agp: 

UpallCreelmemie Selb oi 

“Bourbon..........| 28,500. 
See RUS Or ape 30, 000 
Baker seen eeeee eee 5,092 

Wee NR) aoe 32, 550 
erage Wao Way) 96, 319 
PE aia hay ard 21, 000 

1 Bridge bonds, $30,000. 
4 Serial. 
* Bridge, $15, 000. 

50, 000 
Ciao cl Sea a 163,880 | 10-15 
Baste | ee Be aha 100,000 | 10-20 
Ra cl Fae ea 24, 000 10 
pela Sahl eras tte 15, 200 10 
Ease eet bahia Me 77, 300 10 
cleat eel ies gece 5, 600 10 
all ED PRE SL 26, 400 10 
Bp ar a eipee Be 18,000 10 
ee eal le 27, 300 10 

10 ZEN ae rer el aa 
ies eet ea Loan 42, 499 10 

GI Banta ea spe 2 35, 500 1-10 
ysis alias sweet 43, 220 20 
ieee Ae pane ee ee reat 

ieee ae ie oT alata Ream ae 
Piaht Pett ALN Se cen euiy al | Seyeeeet 
OA Eo ee ase 215, 000 10 

10 43 39, 653 10 
Lees |----.-.-| _ 22,495 10 
US ree |sue 0 e82|| "3291640 10 

10 Ae ene righ a rere 
10 ARO LEE HS TiS Mite ee 

ba Malabar hee Rica 68, 910 10 
Gin Teka ho ie 50,370 10 
Sa acei SPA aals e 3, 000 20 
peers ates 14, 300 10 
Dep od i SESS Ie 93, 400 10 
pias as ce NaS hae Se 189, 360 10 

10 ARG (Naas teehee cars 
Pir iculhis a ee 208, 000 20 

10 Asie |e ee alana at 
Meese Weasley nee 76, 120 410 
Leesa ae aie 6, 240 20 
SORE OR 5 228,000 | 10-20 
PRN HE RNES Oe IEEE 57,000 15 

15 ZOE | Need eee I ean 
See tener ian pete AESOON Pea aee 

TION a oe oe es cl ee 
10-20 43 70,880 | 10-20 

10 42| 48,200 10 
9,000 10 

5 Bridge, $200,000. 
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Tasie 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued., 

INDIAN A—Continued. 

1912 1913 

Counties and districts. Townships. 7 
Amount eta ee Amount tom il 
voted. years rate. voted, years rate. 

Per ct | Per ct 
OWI a garaicette acts cet ations ofa | tre eteteee se paces | seeeee me elee eae ear asrase $24, 159 20 ; 

iGO eee a= $8, 972 40 Ae |eSs cee Sesloecet ee Sees eee 
Rarkeen geese caer ee eee SAAS TIS! 2 oe cece | SOL ahs te ao ee |e 22, 658 10) |e 
HROETYisreayearteaiio tose ee ee ee GOTO Veen ears 73, 000 20 Ae | odissiie nora pid nee ee ete eee 
IPG Gas isos ates oars aio tbieve x Seneers Townships fas geceale sso estan arise eae cieeee aes 21, 000 20 64 
Pina wDistrictslasicqsee=--|soace ce onsen eee fee eae [eee sels ee ae 58, 689 10 44 
RUS ie core Sessions ese lee sore ec aS Sa oes eoeme acne oe someon cionee 259,000 | 10-20 43 

Walkers. 2..-2---- 39) 800! |i o-.2--- 4b |e oe |e s Sage ee 
Dt VOSOPU ease ck eects soeeiciae ol eeiem.c Shee ew estes mircle 60, 000 16 4 24, 000 10 43 
NCObls acces ase aeck aaes oes JONWINES ose seee= 8, 000 10 $) | Seeesasees [Stee aces eeeese 
Sle Dysian seem cond asere nal Cae serps tees Saree lhe eyes eel eeemee sleeve ea. 80, 000 20 44 

Shelbyville......-.- 51,940 |.-...--- 4% 28, 920 20 4h 
15] 03) 0\6{29 Bee a ee ee eee OHIO s cc622-356200e 14 S20 iw not coclenseo55-|feteset ees eaeaee aaa 
SUATKOs <n .2.saaisise tit oc estes ats s s derdaicis siesrstsisweayess.cle I sarsicisole'gec] "saree a'ee! |aaiee'ses 41, 000 10 43 
SUL yaTs 2h 2-62 ese eset ee Shc eee eels sae eset ree eee a | Seen ce stall Samia 80, 982 10 4h 

Jacksons -s522-—2 L960) Ses cee Ad 3 oe | eee eee 
MO WALZETIATIG 322) 25 os omental els Sesays-crmeis ons cys a ste rare 22,931 10 ie Poa ac sae [esis ee [es ae cele 
EMI DOCATIOO Ms oo a a.8 te cre ease | a Gae case he seis ase poem <a etelecieiniaece| seeeaee = 260, 000 10 4} 
Mip toms: DIStricts 1-3 sa. cess Nea eee ce canal bese oosecte nae see ballaes nonce 44, 080 10 4} 
Wand enbute os.veccccereeoessee se ees ces Sreaes cet daee se eleteel = ae are oeecesiae 92,600 10 44 
BV TO tae eee cen ee ae |e emer Te Cree un |e oreumw nie ar eae eee 33,800] (2) 4h 
Wiabash. {2c i acas ee 5.8 |acee sense ce = Acceso] See's eee eeellsoees otal saceke 145, 320 10 4h 

V ibGEb ys 22sec alsa tas eenicloessices cits ame 10, 960 10 43 
leNVo Dl eames eee eee ee ae Vesa {eat 67,540 10 4h 
| (PAWDEW = fcc occullorecae cca facenance fe eecuees 12, 660 10 4h 

WIRY a6 ' oc eco sisienens snes oe IGTGGI Sa ac cee aan 12: 0002| Seo ckc lactic cee|scenee fo eee ee | 
actownshipSecems lem eess) glee. melee loa gs 58, 660 10 4h 
| Wayne. oo... 127500") co esses sae oe 146, 000 10 4p 

WWD LIS Serres 8 StS ee os yee LhsgiR tise sicteectarinea Steere 105,640" | Seesm-cnchees =< ade | sate: eduata-d-2/2l| one eegcte | eerste 
WIHT Lema Ae ool Soe DIO eh sel wn SAT ocesetiel een | 93,000 10 4h 

NO belts eee 5-2 oe Oe re ee Ania eae DBS 40 Bak lec eaten ee eens 47015 9973 22 neces | voces 

IOWA. 

1912 1913 

Counties, 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. years. rate. 

- 7 = 2 z= | 

| Per cent. | Per cent. 
BOON Gacer *s58 Se ocosiee bh sec eesee eee | $25, 450 12 Age '\'3ce oe UES ea et| ie oe See | Meee ee 
Dallas ee beet S35 or ae, Be ae eee Ronee en (ne ek | Se ne | 3967, 000)|..2----22-|oeecceusee 
BTEMONG te: ieee secs ee bcea ce haseee a Rd oe | 4100, 000 20 5 
aC KSOn eee. cone ee keen oe |e Seen se eeeree set (eae. eae Pe clOss 000 20 5 
Madison jesorecs ac Sos ee oye sene tee eee ee apne Vcr eiretae |New eae ane 2 28,000 23-17 5 
RV TG See 2s react ice aves co ae Otle een eg \ieetrtest £38 ccne Sac 45,000 7-15 5 

CRotelics seek einen asec Sts OH ABO: err eB eee 348-000 |o-ce-2 ce sels se 
| 

1 Bridge bonds only. 
2 Serial. 

4 By order of Board of Supervisors. 
5 To fund outstanding bridge warrants. 

3 General funding bonds including gravel roads. 
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TasLe 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

KANSAS. 

1912 1913 

Goaneee pate Amount | Tem | Inter- | «mount | Term | Inter- 
voted. of est voted of est 

years rate. years. | rate. 

Per ct Per ct 
OGEIR( 50. pp oS aepee be eee eeCel ROSOEEe eons Bagepede $86, 150 10 (Oh RSA RE AC MEeSEacey Home seis 

Junction City..... 89, 600 9-10 BEGG Fe serie alii ra atone sliced lee 
TONS 5 eee ee eee GliCkeyes cee ocr 5, 000 (4) iu | ae ae a ee | eis 
[Mie O Maia Sie fatto iat se iaicicisie)|='=/~\=(~'<Iniw om el le minie 2.nin| ow cismem ela «)= «2 elsinn| winnie «wn $6, 000 5-11 6 
SeUlenyiele: sootcscasoosennSaaealpasoperBboooqereoened) peecaeacuses| beucccos|secuosde 1,550 10 5 
Mplsommnet ses ee | sith 22. Center s2223--222- TAOOON Haeeea| Mee 3 Sl pees ena le ess tee eee 

Guilfordt 225-2 LOKOOO | oteerce erences | seciieisesiais| Sees eeale oes 
Wye oie. eS anasto sereaeae| bp besucesesESMnenice 189, 000 (?) Oe ee gaancood baassees| Haasaess 

VINO AE e/a Sl oe ier oa a B865750N ee eee | Sa Sct (ge 500i|2 Siee ses |eeeseeee 
| 

KENTUCKY. 

1912 1913 

Counties. Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted years rate. 

Per cent. Per cent. 
NGC WS ty Ere eee ces cals eee napll ccm o sien eaniciee ale te sc ees cles = $800" |Seecsckiecc fyariate abe 
INOlIIOIN Te Sa ten ne ser eee Seer $8, 000 5-8 Gi ae MESS He nes MeceEe nee bersermrcte 

Dopaleemenee er estar isos Oho. BAGOOE Seabee cell Pete Pane B00; |e a ee easton 

LOUISIANA. 

1912 | 1913 

Parishes * and districts. Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. years. rate 

Per cent. | Per cent. 
AGRE OHO cB oAoanaSeaeCCuBse obocdsl ABeseaeccoos) HocoEsoces| posaodecos | $80,000 9 5 
NS OSS ICH Meee a rreteiae ciate ricie see teeta aya ria (sicin 2 elninia’ais|'a oie nies’ aisles | saw ale isistainte 175, 000 1-40 5 
WAI CAS TC Lae eee rae ncn celaraia loco le llattniai Names etafere|| ateiejaiciciaiete | atoms ataceiclels 900, 000 25 5 
BAST eB alone VOUgse yD ISWICh ees eser |e eca te ak a| seciesisieteie al siecle etree aie 37,000 10-20 5 
Iberville: Distriets 1,5, and 6......--- $13, 009 1-10 I ba ABpenoaee| Boodccdaed BHoacacsos 
efiersOnes ye esate Oke tec ok ros Soaccke Z00K000 Fi eeecesicnes Bh Bn GoGaaaene Saoscaoood| baSsoaceads 
AV CULO eat oe ae ee oon ate oa 8 [ieteicrae areas &i| owes sociale | eieisinices 75,000 25 5 
guancapahoasy District 2925-1 2ija-s a2 cleeecse cence Poor ee 75, 000 30 5 
‘HY estan BEA ORAL, see Giese ang ge Sacred IND Mir aepe ys ace ee ee 39, 477 2-4 5k 

ETc teal MN AN cs de 30! DIZY OOO te ce tame semen Ty aRT.d77- [biota d mn Ran 
| 

MAINE 

1912 1913 

Counties. Towns. Aeracaynray fem pe jNeerayerite Tom Inter: 

voted ¢ cs voted. e cs years. | rate years. | rate 

Per ct Per ct. 
iKeennebeCheenm sete seems Benton perycce sane piece ean leeoecces| ses tosen $1, 500 5 4 
Ken OK ee sabe sess e see Wnalbiavenss 5 7a5 (Soe os seceals se cece lene nee 2E5 00) | Secta= ces stecesecte 
Ostondeee ence sces ones eae INCOR Wa Vettes ey toe rllmaiomors se ab Scene eee mete 35,000 35 4 
IBENODSCO bea a aoa iiee ee QOronojseearees ses | Slee Sins iad Bern ees 12,000 2-4 4 
PPASCA GAC UIS eyes tava saya os HOXCrOihe eee $25, 000 1-25 ZN Se ees ea [ota ee (alee ay 
AWieT Ome ers ok OO Brankfongoesseees|ectsac omen hee ce cae|ce ie aoe NEO 0d peceeice 5 
Wieshing fons. sss 00. sean: VONES POL basse es we aa es ee ere 1,000 (6) 6 

TRO talMemSa sae yk G. Fy | Sen cuS Lt seule Ie (25000 |seee ees [ees 53,000 2.220.) -ceeeees 
| | 

1 Serial to run until 1918. 
2 Serial to run from 1932 to 1941. 

3 Parishes are equivalent to counties. 
4 For roads and sewers. 

5 Bridge bonds. 
§ Six months. 
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TaBLE 24,—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

MARYLAND. 

1912 1913 

Counties and districts, 
Amount | Term of | Interest | Amount | Term of | Interest 
voted years. rate. voted. years. rate. 

| Per cent. Per cent. 
Garo line ce nee a ere ee eae Heats Sete mens| warstelrecrotele | ere see 1 $35, 000 20 5 
Montgomery: 5 districts....-...-.-...: $20, 000i a escs ence |aaseene ese 25,000 25 43 
Queen ATINGS 228 ce" -sesced semen. Seal OO S000 | Sateiereraws cree |eercce o/s tore o7=I| S)a-craictiajacsiatere |= ale perarat siete |e 
MAIDO cesecsocce en een aneee eins ees samc eta ec see aot ees faceneee aoa 30,000) |nsoccso2 22) i sencee one 
Wiorcesters <2 5202 saceccet anes e seca eee [eee ee ssemate | sore sae mee |Doaee ee cee 25,000 25 5 

Ot oe aoe eee eet eae oases OF 000i aa ceseees awe eea nse] 115000) |) eee nee aeons 
| 

MASSACHUSETTS. 

| 1912 1913 

Counties. Townships. Lee Te rm | Tater: ‘any een Inter- 

voted. > est | “voted. of est 
years. | rate. years rate 

Per ct erick 
IBATNStA DIO. Asses ee cek ec n ses) e nee emane coe ema sees | Sacseas aoe cice cece s|vatesene $145 000 i/o teen s2aencenses 
Berkshiret se so. 2 Se sale [See oan | aaa sete laeike See's lt cracatt 5,000 1-2 4 
Bristol’. S24. 2622-5282 asase North Attleboro ..| $6,000 1-6 4 7,000 1-3 43 
PIBSGX ote: Seu eee? Ree eid Mix aoe eae en | enters eas Be oe ke 120,000) |!s2e2 ete. oceans 
aM pden's.22¢ a2cs2sccceane ee TRUISSELI a eee ae D000 jeesasnes Gl cee taeatios eoeee ens lee 
Middlesex. <2... ecs ss cactaes Billerica... 222-5 <2 9000 |e wisen.c.6| Scie dict elecsee sccas Seeneces peceeres 
NATICK GU so: so ee oee eae yes eee a eee | eis oo | one see |eeemoees 20,000 5 

Nantucket........ 20, 000 10 B lacecvcvems|ooceeeenlecesanes 
IN OFfOl? oes eae rst ee nae nectar wets aes one (a eee ees [ear aaaa| Sacer 50, 000 2) 4.92 

Millis Gee 2 Speen 2, 400 3 Ae wncetrcteae! | eames | aeons 
IPT ym OU tll oe cece ter rete nel eerie te Seiteealesacee esses a le caare cis seernee 205000) |- Se en 4 

Mota esse en ee ee See aera AD 200i: eros ae 236; 000 Eee sse sel nee eee 
| ; 

MICHIGAN. 

PATA UMMM ns oe eee beets Sek DBatiksye- eee: semen) tine pers ee ree |e ates $20, 000 420 5 
Central Lake@s.222 3) 2252-222 be chelsea ee 20,000 | sees eecelee eee 

IBATALR. Scod fee cae cam tis sicte == AT WOH oc Sosa s see 110, 0008/2222 0cc|\nsee oleae | seen 
IBONZIG: eae tee seh ee ees Crystalbakes. asad ale 2 ey ee 2 ee ee 20;000)) 2253-28 |e=oo soe 
PB Grrsan fae PhO gain ee S| ae 9 | oe A en ae | 500,000 15 4 

SuLO WOSII DS. oe 285 |oetctect nna |s esses ieee site 30; 000) Seeecmee | ecrerotetsiors 
GLE Stet ca octets = ots iaiate's stele) tats Se gp Aeveatetnsina > wat 100, 000 (*) ll Gees percnece pesesece 
MmMImeto. : 23-5 ea eekk ech eel eee geoeect ese oseses eae ne rei eae | 225,000 |..-....-|---.--.- 
Cr ONCSEB aaa secuce a sass eccns | mc Semens Sees Sere | 500,000 20 43 200,000 +10 4h 
(OP CII ERE otro emicim ce eae |'s es aeae Hee cees = sate 150, 000 10 Ay) cictew ose e8 (serine actrees 
Grand Traverse .-25. se s<s52c. PATACISOS wa socee 30,000) 3 e55<5 [miei ed mcet con coe foeenemta eee 

SWATILG WHLCr es. cas owe esee etaeates eee 24, OOO) |e owas <|samersaee 
FAUT OM oot <leiste cts ia'eiwieie saieiesic Sebewaing....--... Oo FOQO) eearet aces Veseisaiies| seas cae eis (aseaae el eee 

. Wiandsorsc2----5- D0} 000?| scesicis caldeccasce nek cootesclaena sees hee eee 
nphaMs, st6 2. acct eeeesecais| see seme cess gen cces sll geceectace| seeciiecislansocee= 63) 652: \esccece ete ee 
CUES 10 enor Os ence Clearwater........- G7000 |e seSocs..| sem sees) case ctse= =| seca ee 

Coldspring .......- 5-000) \ococeees|sesmaees|cccescuare| sretecer lessees 
Springfield......-.. S000 tas aeiviec enc esesied eels oe eee | poe eeee eee 

ROTC ono See as nee ciclncls d arelacn | oo papi aie eis ad apeiea| apn eatin dee Seco si<—leacteerast 265, 000 20 43 
WAKGS= oe a. So ned ete ctes = Ellsworth.......--. 6, 000 a eee eee Perce | Pore cea Brae 
eelangit cao. sess ses ee once Leelanau.........- 20; 000) ochre 3) pects oe | <= pai teteyera| eee =| ere 

3 townships....--- {Oe Poe A sere ae Veco | 26; 000=|sc5ece2)scemesee 

1 Bridge built from part of this amount. 3 Nine months. 
* Bridge bonds only. 4 Serial. 
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Taste 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

MICHIGAN—Continued. 

1912 1913 

Counties. Townships. ee Marinialeiiters ial oe Manrielernters 

voted of est voted of est 
* | years. | rate. * |. years rate 

Per ct Per ct. 
INTACT AC Beemer says seein hata) aise tele fonslelonal as isis sl reer a eists | naiaePeca| ere ejecta $100,000 | 10-20 5 

EVUGSON So =e see CHL OUD espa oesellaoooaded loouasbeaba looneaanullenoodate 
Newton...:.....-- DSOOOR ee 15 48 teeeh ant soneseaaeal tamer ick ane seks 

Macomibessssscnmcaosconse seal Wakest ness ases SOOO Na eis element cee accesses |e ase ent nese cubes 
Wiarrenieseee nonce 36, 000 

IMASOneRR ms Eesstsses oc ecee oe us 10,000 
INSU BING soon sa OU Ren ec cranes EESe ane Sseree SSeeret RemeNen ors 
Montcalm 500 
INGWAE OMsre aon ene ance ses WGTOLON 2 Se eassees lees ecinas 
Oceana 3,000 
OntLoOnag ore M MAN Na RN ete be einer real ees 
OSCEOLA me eee e ars siaier moun NTT COLT et eS oh 
Ottawa 600, 000 
Tuscola NAILSTOVC eee een etee eee 

Wellingtons 2| <ce.so2- 
Wane Butenet iiss erase yee et InCWOventisznese sesso lec seitee ee 

South Haven...... 25,000 
IWiexfOnGesh 22 M1 RRSP r a vin Henderson......-.. 2,000 

Molaleinses mnayeeont ss i Law adh eat Rhee i 6O685008| Se eceeetlseceaee DvD Te A520 le ee oe | BUSA 

MINNESOTA 

IB eltramieese sce seers |eiiaisetscsian sents: isla ok ca tlaterel lMinerume [Eee nee $81,000 20 4 
Carlton eee ree! Blackhoof.......-- $3, 000 15 A (A Seared a feat eee tee) A eae 

Coronas senses er 1,500 15 Arlee Oakes wie seal aye state oes 
Mahtowa..-....-.-.- 3,000 20 hepa are erat pee aaa ater an ea 
Red Clover... 2,000 13 BA EG | aa or ae Lag A 
Split Rockse2s- =: 3,000 13 Ale EO HUIS) SAS | [Eero e Saearae 

KG tSOne ese eee eee ee 3 Thompson...-....- OOO eee AS tro R tcn et (p Vaca ae 
Koochichings= 2228 ara. 2 oe. | Bannock........-- 3,000 10 bal Sees ee caeeocy bans ed (eres he 

Meding.......... 7,000 10 CO Ae Senn aOR eae eee 
Reedy eect ae 6,000 10 7 Pe py See Pema ite Meeps | Sed) Gr 

IN KOLUGIYG Le Oa aie seas ee Collins Reece 3,000 6-15 Ciel UE Bes Pate ORL acer All RoR re 
Marshallese 2h oon ck ANITA epee eerste 1,200 5-9 Ae | eesaeriacre niall cravetaretav ete |eveierersrcrses 

Big Woods....-.-- 800 5 Bill eciras game oscars meer sels 
IMillelacs ean seer ccc eince cence Raper eee eceissaas 5,000 9 AION Jurctamrcrctal| efaer totais eitrete ieee 
IAM SCY Pease seta necisasinericiele | White Bear_.....- GpO00K |e iarajareoee Aa See Ee oa sich ls meee 
WVVAL TO TR ears (sso cine Oana d etineiiecwinneis |Bacase eee [aoe eae leopoaaae 50, 000 5-7 5 

GROSS Se See ela ees ae 583,000) Beaeneec iseeeenee LSU OCOn eases |eceeenes 

MISSISSIPPI. 

1912 1913 

Counties and beats. 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. years. rate. 

Per cent. Per cent. 
iNdams "Beatles ose casos esee noses $1505 O00! se seseeeel| sass Arcieyarsre|[ the aoa ntaictocicial Sasathe wernt] stars teeiaine 
INGEN) oA is aon ke a es 50, 000 25 Ese fos Re Ree aT eee a emer a us 
Calhoun ce eereiestess See enews as 40, 000 25 G8 | CMe asc S| 2 aaa ocean 

TYEE RTD ea ees ep ne FR ean 60, 000 25 (ii a ae a (PR Vi i eer A 
ChickasawieBeat sass ssee-c2 2-2 2se nse 50, 000 20 5 $150, 000 20 5 
Claiborne wae men Aaa ee OR cc ean Ns Lape Pea or 10,000 20 5 
Clay: 

Beats 1-3 VAD OOO) rere ee ee ae yes ce] wi hymen Pn eo amt ona | DO Saag 
TB XSI FA ye tS SG as Raa ara oe Ae LA a A A UR A ee 20,000 10-25 6 

Coahoma,....-. 50, 000 30 Cy ees Sere Pemmat ee oie Bs Ma te See 
Copia este iy en Seley aL aaa VSOKOO OU Bectaerse metals Cee cee salle oe cies wien teal t= og oersc eee ace Sere 

VoXS YG seca cork ery Sede et amar eke as ae LA een tA aoe at a (Ma ae 75, 000 25 6 
Covington sane ts aoe Se ae HOROOOR| eerste es | eye mses llstanrtaterorstoe ehellinaise oysioeera | eb eciaoee 
DelSotos; Beats, 253 and bes. 254-55 DEON OO Og rene rere ie ste lieve acres Poke | core cio ole ara! leee te rewia sie | Steins crareicicte 
HHOMTES Geta eee eee emcee etine 100, 000 LOK QS eae Sret ON NES res emcee nee pee ei NEE si ciatare 

SORTS PLE ATI Sisyers teres sect ere le eee ell Ce ee enc crepe AI Ysa Pa oe 100, 000 40 5 

1 Serial. 
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TABLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

MISSISSIP PI—Continued. 

1912 1913 

Counties and beats.! 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. years. rate. 

Per cent. Per cent. 
Georgeieus Asi2e cas adscceee ste eee ets $30, 000 30 (oie Bee FP ee ree PS eae 
Greene.......- eS Se ce AN ESS aera epee mee feat Re Se ees $10, 00 1-10 6 
GTGI AC Geer ae eee ae oe 45, 000 20 Ol | Sie cielo viene ise | Oe eee TeG eee eee 
ETE COCKE a see otras oe ae mse aa 100, 000 20 6 50, 000 20 6 
Hinds=) Beats tand dieses | eece. auc s ll asen ee coee oa| a semi ec Motes 200, 000 25 5 
ISSA QUCH Aeneas on eee tee eee eee a |e aes | emir aetaere| see eee 20,000 40 6 
EA Wal Dar eee oe Se ae ean armee Sale aMeoek we ae! Sees tee peareceuee Gd; 0004: Saencnene |seee aces 
JACKSON shes: ene eee oc cae 652000 ese oowes | Sones cec|oaascseine lac esceeeee tees 
ETS} 0]:) ieee 1a ee Rs eee A ees 25, 000 25 Dees ene cee eee eacee acer 
ONES *B OH G2 fee as ae eee |e oe ete re malic Shela eae | oe cle cre 50, 000 25 5 
aia VeltOns 22-8) ee ene ys 180, 000 25 DRAG lil eevee obec tee erel| eee 
ETI T yon ae eee a oer ee cee OL OOO ees vce sea| sesee eects 20,000: | 4s ccceese | beeeeeeees 
Ihauderdale: Beat.5......-..-2-0+-2-<-e 50,000 30 5 100, 000 30 5 

ee: 
BGA TSU ANC gisetse ce ao sees eee mee 50, 000 25 De: ||lsis-cieepaiaioaie sil] Sew eminie o ere eromeneee 
Beats am ese jas eee al coos he alle oats rales perc |aiee eclele = Sel ce cin ears 80, 000 25 54-6 

GOH OF Ese ec Soe ea a Co ee ie eee | eae eee Al Caenneereeter 100, 000 20 5 
WOWNMSS! BEAL Os eatease = inc eee stellen. cam sae alfchlae wees ore [aces tees 50,000 10-20 5 
Monroe: Beats 1,4,and 5.........-... 50, 000 25 OD! Lsssteciseuscon| seeds aces slooeeeemees 
Montgomery: Beat l.................- 40,000 10-20 DP We Scarejccctere ieee | mice el Sees 
INGE 016 0: ee eae se Bee Pe eA oe amen er eee en ees ee 1OOi000'|o.o 22 eae eee 
IN OXUND GB aaa hoe weer oes ne eo meioe manera set someon [ee serena 380,000 oo cee gacul Syoceen see 

Beats 253) andi O: oecece es oe se 377, 500 25 bye eee Dosa cts | eae ames eee Seas 
TOT OLA ess hee ee rae eee See Se ee SO; 000 tees eens 6 
AT Gia geyser eae 200; 000: (222 ec ae | sees 
Pontotoe 5, 000 20a) Sete ae 
Prentiss: Beat 1 40,000 25 6 
Quitman 20; 000" eaceeecee eo enseeeee 
Rankin: Beat 2 : 10}000) | nscec cc ccsleassseecee 
Scott: Beat 1..... se a See nn 75, 000 20 Ooh cece (et [oe cee or a Sees 
SIMPSONS Cats ANG Beene secee mel ctes o aeee cel ears etele le cae setae 40,000 20 53 
pall en etCHi Ges ree eee ere 25, 000 25 Gi feraeteia. a's'cyesctoral| Stjaiw a sieieaca| slslomtelseiers 

IBOATS De tee ace ene ae nee eae nee ocean leeecwtecee lescee cores 75,000 25 6 
ANAT N10 ey Oe RR me oe ein 65, 400 20 5 300; 000i Ss acsea= sal aereeiere 
Yalobusha: 

Beats cand: 4st Seems eco eee ne vee 25, 000 25 5h | sade ccannsel | Sa ceseeens eeeaeteeee 
Beats Qiang 4 ote eee ees eee eee als came eee eisie [a ceicewiesies is Se lceleesars 48, 000 25 53-6 

W200. 4 DeAtS WY. ese cee ew te a a None seit eh are helnaleeiainion |e etastts cate 77, 500 25 6 

BG teal ae ere ate re ne DOS, 900i secsee sete | se teese 2:45 0%500)|stseaaeee | eee 

MISSOURI. 

1912 1913 

Gounties and districts. Townships. Amount | Tet™ | Inter-| 4 mount | Term | Inter- 

Sail of est oied of est 
ee years rate "| years, rate 

Per ct Per ct 
WS OONOS ERATOR sole Aa ee etiisisins |e tocaceooasscaeea es $20, 000 10 Gi Glceweass aia'c'| tlaetateieteie | sieeeisietors 
COd ars secon scnsacecueses Sesed| Sac see oe cemtncs cate 19, 000 2-15 DE || Seisisoe waist sco weve|Senoseur 
Clays 2: GIStricts's <i. 0a om ccs s|neea's sSjenrci a's eae orale N35 NOOO) | crsierelore stal| Seo sieterers |iale e.cie'e < <'el|cieieisiatee |aeteiaerete 
Mades districts = ocean sscccdses: oo eeeeee oes 30000k |e. jie co] Ses cceen | aosiaaeniccs leseeeene |noetemeer 
(GTN Gre eee ae ee ee a Meee aera ee rae LP O0QU Seca Sel accee eee $18; 000) Scere ene ene siesele 
GUY icin: mrceln.d.0e 0m e's ale a Se | arioye ce cyaisisye sials arstaraic(a| cvslereafelateic elutes cielelera|l steels ete 5; Q00)|Saaee cee 6 
Howell. jasScasecsesae scat ec |ebs a caeaccinoss ste See BOROOOs |e cremate] ose setae | etovoraiela ste 4 eee oeatetes| | Sater aree 
Paclod Ques ave Saciacs scctrwaescsi|s SexewcancSaceteiogs HOLOOON aera cere cece ee et ccel ateee eas | meee 
Lawrence: Mount Vernon....|.....--------------- 50, 000 15 fs Seoeeoresied| goon Goec|eonogoce 
Mississippic. U CisitiCtsess eo. esse aos seca oe #000! |S ececec cla etec os|sessscimels|asceasice|cccased 
New Madrid: King’s High- 
way and Malden Risca 

Newton: Neosho.......-....- 
NOUBA Wass cie-deicrccsesscisene 

Stone: 1 district........-. ace Neuse acces cheek 10, 000 1 G6) NSncven- coc aastcees eeeecects 

ML Otaleetace se: «oa Sen o| Soe Ue ene ee 398; OOO! | fae Sects sentewtess 163,000) |e. (eacee|seceeees 

1 Counties subdivided into beats and districts. 2 Serial. 3 Bridge bonds only. 
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TasLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

MONTANA. 

1912 1913 

Counties and districts. 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted years. rate. 

Per cent. Per cent. 
BIRO s ob ZSSSe ue hae ae aa ae cea rene $40, 000 20 OU | SR a en Secces MIY, (esse ey yaaa A i werner are 
WasCadl eye simeetisee Poe uo AN See CON OOO eee BAS siete CS Seu T 2S ees Sek ne lie 

OAD) (GES TEN RRS EL Se pc SH ge ar Pa a a a $45, 000 20 5 
Custer ee cease ane u Su eI SUE 170, 000 20 a2; ||lsbodebosanad labaecubede Badsocabbe 
TIN COTO SHA Ete ioe lt 125, 000 20 bs} rel PA ea aera, hbo sec ae pened pepe 
IMNISSCISH Eline ey nam SH Ne eee lease vive 80, 000 20 Dep tatecrscte es cie | creates pesos a 
HANG ErSepcOGIStEICES yee eee eee | Bato o setae le seaee oete (tees 15, 000 25-20 5 
ERECOTIMER yt D She ae pa Lee es Me Des | 100, 000 5-20 Dia | acyl ee we RAS eee a eel ae 

SOLGISUBICIS Ee tea se sen cisee ns eee as |------------|----------/---------- 3 100, 000 20 5 

Ota eM ets ie as | 575,000 | BALE Ss OG Eee 160;000 |ce22222 eee 

NEBRASKA. 

| | 

HIFITICO MNS ER ee Sem re es ath eee Te Pee [Pata aes Hidden Eee $1 54000 ees seaeeee [esenduees 
Scottsebluti-w Precincts. 2.5. 5252-252- | $10, 000 | 20 | Oi eames: see tecise cae |eeseeroee 

ERG tale pene Ne Sods oe aise | 10, 000 | Uo Meera [tise ceeiaetees L5YO00SIES s2he 29. Seceee ou 
| | 

NEW JERSEY. 

1912 1913 

Counties. poMuenipes Term | Inter- Term | Inter- 

Atlantic 

IB CLP CU metemtecisncciocle pos sec cs|sccccecceecsccc ccs 
Camden 
Cape May 
Cumberland 
HISSOK eee seecireiec voce Saccoee 
Gloucester 
Hudson 
Hunterdon 
IMGr Celery eee soca oe ite econ 
Middlesex 
O Coane ae eee i lsaced 
ASSA Chee eee eo cecleeiwee 
SUISSE Rp aro met aie 
Warren 

That Tl h ane DN S00 7664 | saeee ee Bis 000) | senclen ene 

NEW MEXICO. 

1912 1913 

County. if 
Amount | Term of | Interest | Amount | Term of | Interest 

| voted. years. rate. | voted. years. rate. 

| | 
Per cent. | Per cent. 

HD) ONAPAMI Dee ee ens oe cine nina ees eee 2 Reameauseetic $100, 000 | 32 5 
| | 

1 Bridge bonds only. 2 Serial. 3 Bridges. $30,000. 4 Bridge, $26,000. 
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TABLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

NEW YORK. 

1912 1913 

Counties. Towns. r 
Amount r or Inter- Amount | Term | Inter- 
voted. o est | “voted. 2 Bate 

years rate. years. | rate. 

Per ct ‘Pencts 
CAVUba fi Sad nc ces sets aeeeec se see esiecend oceianscee sl Seles hedcce| sec seme lEaermcase $29,777 | 1-20 43-5 
ChHaitawdue oo. os se esece ee French Creek..... $3, 000, 3 Ad ,'| stoma smaien||o ere emie a eeeeeee 

Kaantoneiieesae ace 4,000 AN Es Bee o | Pciareet ete mnt can rare ees 
Chemung. Joes. etacceee-e se Big IAS. co scm a @ 000 eeierecisere Ake |e cctiesicie| a cstcemee coerce 

Chemung... s.2.- 2OVO00s ee eccce, Ae | Segicmnaiaas| Se oseeen eco eee 
HImMiracccs2s2s2-55 B,A0B hss oc eis plbesaeeperd bane sepa bese snce 

WSS OR: Mace Seamer paawaaeenees Chesterfield......- TS SOO ct @astc |stats Ake-o| oeccceae creer ae ererenere | eco eres 
KGGNOS. eeisinacines « BF O00} Boers atses{e Sock es) Selenite mee | Seeemer |cemeeaee 

HUT COM Sa aes ee see aa WarOPdadacencsaace 35,000 6 Dy lee ec sae ee | Soa cone Sonera 
GICCNE oi. oisn5 wis seiede see sae t el cee ccieeGieeccieinae sa > 45,500 ||s<-<<Sc.ci0 actors see's sac aso ciell erapateleieere 5 Aerererarers 
Herkimers2 2... fo Si cee cee Hairieldic | Soaseca|seceens ee: eames aha see 5; 000: |... 2 325|2-2 see 

Frankfort.....-.-- 2,765 4 bso |scsiccsee= | sees eee sae 
German Flats..... O O0Qu See eae: le see CS Serer eel eee ere 
Herkimer !......-.. 20, 732 11 44 675500, |222 eee 4.6 
Manheim...-. 19,771 12 Ai Soa en sce ae Seales | ee eee 
INGWD0Ts. 21.25% 8,000 16 ¢ ST eee ere ot essa 
GUSS lie teal <= F000) 2 ene ame a aise ates ae eee eee 
Salisbury... 2-4... 2-0. 5, 900 5 Boece cee | sereciis la ameaee 
NCNILYler ssn ase ADH BAO ea ata acta erste = | imate, = arcte ete | reese eats eee 
Webbs 2s2cc pease 17,000 19 OD) [oedecceesclasncsacs|eeceemes 

WEG WIS Mere acts ee eee eee ee | Se weeee emacs 12,362 25 By |b Sata cece | Seeee er | eames 
Lowville....--.... GPO00 | cccaezel- pasec-loseeec eee eee ee eee 

TAIVING Stns). Secor nckenenscnal sececeminc ca cee caemas)cccasse he leceneee|ssceeses 12, 750 4 43 
IN DSSAUiteme eae Seta se ets eet Petey ee ante ree 240, 000 5-20 44 | 500,000 | 6-20 | 444.7 
INIA PATHS 22sec lse sce eisai ciass| ee cee same sceeisciealaaaeeeesate| seme ceeeleeeceese A: Q00: | esse o| ce asin ae 
Onbidalscacessaes-easesee ee Karkland..s.s522.- 5,400) aes |S oaks. ol Lee vee cs See ae eee | eee 
Orleans tee ses ene aeeeee st oe | se eee kate sea year 21, 750 6 5, TN Sowecee en aeons seers 
OF {21910 Ps See, oe re Maryland...-...... 3000) | cane oes esecses: foe cinociagle |S aa taeee leas eee 

Westford.........- 2-500)||us esses le nce~ cc) ens camecios |e oem eae lmecteceee 
PU tha ee eens seca ceeser ites yaa eo Fela ean” eae eee eres 38, 000 15 43 
Wensselaer a2 sors se tees tenements aases Sesame 150; O00} se sea ses eee ee SP 000) ) oe cataa | testers 
Dos WA WLOMC Ok conc cost EOS | iceman eessceeenes 125, 000 4-9 Ce) Pee ares fs Hoonesc chooses 
Schenectadyesnos--o--ees 2 se- PrINCGlLO Wik sor: lanes scene! Seale ceelingee ea} LS 2OO | se cece se | eerie 
DOCNCCH are eects setae Sagar aia, ce apey tate 72 | Sm, coe | ere ene lane 20,335 10 4.7 
SleUDeN ssc ose ce cone cc cc Comming... 2252-2 4,000 2-5 Diy seeders ons ctetenee | sae elemets 
STE ( Tics a eases gens Seay epetee| eseen oasyge ceent |W ere et eee Us ce ca 55, 000 134 42 
MOMTDINS hee os og eS eae ol ee eee petites yao 23, 000 (1) AP || cistateite ornsese alate a-eeiete |ajetaiersiae 

IWaNSiN Ss =a see 5, 000 () Pil aid ac estes) se- anos aalscceeees 
Trumansburg...-- TOS O00 |e Sache acellslen ctacie| srlemneeck: lemermicies [eee cere 

AWS OMe tre ce ae arcla em icerelotierell serosa hie aie aayatee eins megs 50, 000 11 Di Weiss wncts coc seme tee scemeete 
Wiestchesters <2. 2c. os setae coed Gecinwese cocks SONOOOK |oee ane seaecens 230,000 | 20-25 |......-. 

Eastchester.....-. 46-500 scceees ee ee ere | Sein ny Peete 
New) Castle:sce 2) a410500) (22 2-8eoc |S son ec tA} et ce eee eee eye eee ae 
White Plains...... 30; 000\|22 525. .2|S. ee saSs]esce eee | eee eee 

OtGIee eee ons oer on | ae eee oe LtS6 5078) lade sao. alee eects B44; 562i 22h rele ectsiaere 

NORTH CAROLINA. 

1912 1913 

Counties and districts. Townships. 
Amount ar eas Amount Ae pies 
voted. | _° ee voted. 2 

years. | rate. years rate. 

Perici sPET Ct 
ATS Os soos aus ee eae eisai lect me geee aks Saae ane $50,000; |es2e2---le2--00e- $50;.000' |noecneae|cce eee s 
iB GB OnteE soak ceca). S8re | See ein shee tee eee dace near [neato nes eoecnee 3150; 0005|Seemecee |saemetaet 
BUNS WG kee Ste eae eyes Oe Stee eS eee coerce | omen ame A0O00s 2s acces |S ataa ces 
TES ULI OT Gee pete earn | mee SLO Ce Sg | ae eee eee | eee 50,000" | oe cisten'e 5-6 
BIIDKG Ste ear ia or ee ete. MOrPAantOne soc 6- tamer eeeee | eeoeeeee 003 0008 | Paes arise | resiereicia 
Ca DArrlis sions = ae ge eae | Ae ee te ee 105, 000! ...cde se) ceeaeo se |ewtie ene 2 |casensec|soseeenrs 
Wald wells acters snco sees HE VG JE. Clivan ae eee ee eects ae | are |e ee 2Hi000\eecessee| eae 
CanberOtiet ac vis 2s asa. Soe: Moneheadis 2-20 2e || a5. hero ea es eens ee 10, 000 AQ 5 

INE WOLD. ceo este be ee ooo ceee eee! 3,000 42 5 
(Oi H ik 9}: lee ee Ae ee ee ne Hickory........-.-- 50000) |i. ck Looe Ue cee nee |e ce eee tee eee 

Newton. .:..-..--- 50; 0002. oselbek ees le os oe keen mee ere 

1 Serial. 
2 Bridge bonds only. 
3 By act of legislature county commissioners have authority to sell bridge bonds without vote of people. 
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Taste 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

NORTH CAROLIN A—Continued. 

1912 

Counties and districts. Townships. 
: H Amount Pern 

voted. years 

CHerokeenmees ase e seas ial-| -inicle sicennce'nee'ee==.ls $187,000 |-.-.----|- 
Clee lancer mee ene erat or |S iS cre /cWslewie aise ci sos [oe cinseceee|s es sebeels 

Townships......-- 25,000 15 
IDE R55 doo = RS OU EHE SEE OBE CEE OE Ae See eretsel Ree ncn serial pacers 
Decline eee soc. sot Calypso eecicss ss SROOON Sees se | 

BISOMe ssh eee ee oes 153000) Sessa ele 
Rosehilles seyecnear 20"000H|Beneenes|= 
iWallacesorccsscce. SXO0ONPeeeeeee |= 
WiarsaWeecuc-csces 20; 000) Zee cse=| = 

Edgecombe: Districts 1, 2, 3, 
Aap SHOW OMAN Gh Na ee (eee ot a saad| Saray omelue. coeced 
IPN Sa AS Sen eSE EE eeeeeTee Franklinton.......| 20,000 20 

Youngsville. ..-..-- 15 <O00N Se neeens |e 
Granvilleweenee as ees mo Leas so be bee A0{000)| S222 52222 
Greeneue ee er Wotedby:allitowmn=i|--2s-seccs|secce ene l= 

ships, except 3. 
Ha litaxte eens os eee ce os MfelQ eye easels Seite esl see eeeee |= 

Halifax laa aati: |-as sees ee ceeeeale 
HAY WOOU eS snes e te coete Waynesville......-| 50,000 |......-- 
FE Grad ersoneeee eee sae sa seal e ace cit See eee 244000) |Saaceees|= 

e One ee Aloe Roa | soe ae 
iHendersonvilless: sas seasoes |e eceinee cle 
Hoopers' Creekess.| sense sees |seeee cess 

Tredell 

1913 

Tee | Amount | Tey | Tnver- 
voted. S 

rate years rate 

Per ct. Per ct 

Bea ies legB0S000! |) Vets 403 | senses 
5 BIL ONO eeeacded beaocoa= 

sees LTS OOO s bees s ose |S 

Batre 200, 000 55m | esa 
5-54 205000} (Races seals tae 

SVE Wea| TRO; OO0M Rees tee |easat ae 

Sarais eile 605000) |S n ss Pe aee 
ohemeee AQ! O00) | Ses ae =| eee ee 

DD) Aleeeecisctass |S cao ae | eee eee 
a5cset 25° 000) Scene seemeets 
eR marci IDA WUD ees obs clbeeasass 
phe alsa 5OROOOs| Reece: 
eee ee 20 000) See eee epee 

50, 000 
WQS 5a 555 ae ee ee DESpeRiViers Nee epee nore | See ees eee ae 127500) |e een ane [eet 

Greenwood es Riess | Sec eaten eae ee ae | eae eaes TOS O0 eeeeerias Beonnece 
Mineral Springseed|2enaeas ces ee cemena| ser cecee LO! ODO} | aes es eee 

Nas bisa cee eNO ahs. 2 2 Rocky Mount....- 20° 000) ees ste|Seess eel seu seonene ee eeacee aces 
I nnn ah anean Same teciod SSabcccd beaScaae 0; 000.8 aace ce eee 

ING WEELANO VEG EE sain oat oe Use eee mtn sini eS a(S Mule ae ae et a Ne 1 350, 000 2G Teer 
OnslowAtee see oe set 8 Jacksonvilleszese|bas2- sence |aosee cas 103000) esas =. | aaerseree 
Orans eee emt en sole eis ae S21? QAOLO0OR| Semen aa | Foon onl shicmescscielacccceclon wae 
IPI Saisie neOS pee oe eee Greenvilles sos seo |eo 2a ace | Se oe coe 50, 000 40 5 
TRIE Erie i anos GSEs De an [eee [ann eg 2 100,000 BO su ssenie 
EVIGHINOT Geer = eee ee eee Beaver Dameee. soi) 10.0008 Se se re sae ee ope teens eee ee ae 

Blackacksss evaltc A (5 1000) pee eee ees Saas Seca eh a ee a ee cel 
Marks\Creekstjsae liu os O00F Beco saree er erel| Sateinecis sca 5 mqurerc | eee Pe ena 
MinerallS prings: alts) cox O00R| sae se ne ee een are eee | ware ae jeieteeeee 
Rockinghamtee- |) - 200008 | Saeememe | sane anes ae aerrarios | tee cee 
Steclesaesssaeee scaly LOS 008 | Saas heel Ses Sore alse ee ees Se aise 

Rutherford 250, 000 
SALTPSOU Seep ey ete aie cee eee Se geo 8 100, 000 
Scoplandeeeep oan. sel uene ses Stewartsvilless=- 2) eO0K000) | tee te Ss | fee sae la ace senses |seeosee- aoe 

Walhamsons een he SONOOON Setar sas sereees | cee ee eee |aee eee cela Jaap 
satire PETS ees te SOY OOO am, SON aun dy ||Seee ee Ses eee ie eerie 
Spring ee ee 2000 aesce le 14 geese an] wees irk 

LOK CSE: Me ire) 2is eres are ees DanbDuryen ene les et ececes secon cealoscccees 15, 000 30 6 
IMcadowsess eee Als=2 uu /sooeslseeeeseslcces eae 40, 000 30 6 

eg Sauratown ere een he ae weet asisccealeoonenee a on 30 6 
WON oc cog nabOBS SOME REC I OSe ount: Airy.--=-- 5,000 30 BFW Aa bacearisal Beenaoe] 

WEEN 0 em Vp ae a ee ae TiAl beet ea nee 200,000 | 20-40 |. 2. 22. 
AVA remorse Er. Sis SWV/ALTOT LOT oe | rer ae rine | em pt Ie aS 5ORO00}| Sea aes |e eens 
Wayne seo sce tenes a he BOS CET eee ete ents) Meee ara eterna TEN AQ“ O00} | ate yas ees 

Goldsboross | Sees ee ee alas ete 100; 000; |S stseee.|oseee a 
BYATICe ym se ee rs ih ie (tea kets ie Lee Naren ee le SSE 1505000) Spam | ene 

Total area adil ea Sai a Peers DARA A 1706+ 000))|222 22 2 | Eines. itin 356425 500u eases emer 

1 Including $250,000 for bridges. 2 By act of legislature. 
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1913 

Amount 
voted. 

$194, 000 
25,000 
70, 000 

175,000 
278, 000 

3 100, 000 
1,000, 000 

7, 850 

$86, 000 
9 37) 650 

10 440,000 
11545, 000 

23)000 
12 245,000 

130, 000 
53,600 
16, 600 

Term | Inter- 

TaBLe 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

OHIO. 

1912 

Counties and districts. Townships. 
Amount rom 
voted. years. 

tA GHA es ces ers oe aceasta aca sein wate ors ee ais ereieieve|| Seer ea eer 
SUL aaa a ae eee ae eee 
WrOVeesacsec.c cass eeseseeecels cance 

HAST Ta DULL jaa etaiale s cstmisieiaim mires easels aie eters so eee | es a ae ee eee sare 
AU PIAIZE 25.525 oe a cine ceminsiviews fassascsclessaaercehe| scsemeecie|escnocee 
IBGIMON basse see neces] essseee Washington......- $40,000 }........ 

MOrk ys coececses 14, 000 16 
COSHOCTON ccc sectecn. cna setecae| Aes cco 8 a Momeleie aa Secs eeepc 
Cuyahoga. ccemeccscecececcece|secclescce ado see= mace 2,003, 220 1-30 

Euclid 4,000 24 
IDeTANCE 2s noc Soc a coe saie tamed’s Sas scocc eee osee Soene| esse aes eee leeeessee 
OVO Saeed secs ease d= sses 25,000! |=... 222 
A VOULC se set mets e mimiararateraaiass Sspaillas eee iee ete sata ao eb a) ete sec antes 
SBT GO Uke tere aca cece ote iwie inie Joe ear ne ra ee ra | eee a ara 
GBllIB So soso cise wdiciz ses lamers ic eam eae waa e's wee Cece cele ec| saseeten 
Hancock 120;500° | 22.2.2 
PVCU ee cig Sci aes pe ia seas os lorena cate 2 oe aio nie sare ete ae eee oe 
Poehiard: DP OISUIC TSS a:cie ears [Poe ecaeieaet =ms Ha sems eo asec fajoo aes 
IH UTON Som cceewc we bsccsisasaes Norwalki2o.-seses 207000) 2een=s 

Ridgereldgeccs. 5 205.000 )o2 22242 
Sherman....-....-.- 25, 000 10 

MO Wreteratete cela ais mecscsciee os a ste(a | S\atereem ais wa era aa (ale revere | ie aatenciaret sje seek ee 
TA WIONGG So ted tc tosrarapare deleeiars lem sieminae Bake tae wee eee nee Soles 
dint cliche) epee aoe ree a Me ae ed ZLO; O00) |. os.ese 
WOrans isthe hla cess eessicw |b mceics~< cemcinec cei Soest es cel beeaeace 

Four townships ..| 175,000 }........ 
SUE CEG eaves artes acre etm ya sal at eee etal ee 139,580 22225522 
ME CISOL Seo Sos atatalnleeiarcrann cers (se oe mer eee See Sele se eee CBee Se 
Ma ONIN fete scene eee Springfield........ 40000: \..2.c-<% 

DASTTICt Lise. see 28 oes wee cae ee re ate aloe eer ec |e Monin tae 
INIGT CCE SOEs eal atte ea oe oa lee eek eins eens tse ore eee roms 
MMII se -rotd ha g'es alse cjaeiontels ae eeaqsein esac te eieeeals cet esceeloeasecine 
Monteomerys 2 ssa ce ceca Jel B aoe Sene oes a a cmslelels scree tennis |t operate 
Miskito tii 5 2i\aeinseiisaenmacte| tein seer atone an sober emac| name see 
INO DICE 2 2.282 be asteecereses Caldwelligee.ce <25 S|'2a ecm | Jeo 

INODIG 2 yo oases clecte TOR000% esses 
OTTAWa wees cucmeinccsecnesne- CataWDaisncecccincs ZO;O0D Nes 2522 

Danbury aseee cece 85400) |ncese see 
AULGING cee cewsinccess cesses leases seen cen eo Pomese 24,000 |.......: 

POUL Vacate ole lolosiclaaiatuiciale sarees he | ae ee eer cert | rates eter 
NPA Gia ts crateraie nt eriaiera orci eiecte teats 1S cacao g alatergte ale! | oa eee | dS 
ROTA Ss . kes Seek soak k twice Brumfield........ G:,900N|ba. Ase 
PUTMAN. Se sncas soca boca eis a) aes ee ieee Se ae ce ts 155, 000 5-10 
VOSS eats a wa crainaerieiet = te acslsle aa tose easek ee palawese comce| sean eeee 
SALOUSIS YS ccm eta teece ames < eeeerinsmee ties pmteiet [a es ei tonya er aor 
MWOlOLO nilelsn cloacae Giise sacincs | eeeteecieite. nate werstantta |e oe seeieee ales ced See 
GALES Neate maine a ata otesatearwicmatssiel| See cw ee comat ee sbead |e cose | qoeeee a 
ROULEIPINUL Gite ate gars elcherere are ae oe | errata ede ee oie ere 40¥000 )p cack ae 
AP rar Dt Meta. 2 ja * earn cci tats mrcrcsia | aeie Ss wie Barsteie ofa te Mayes OMete ceca a |S ean see oes 

Distiots Vand B.28ee vobe cl oo toc ee oleae 60000 esc en Sal SSeS: 
Willett jeer es 29, OU) |e sere 3 

ETISCATA WAS! 68 CASUUICES <nia's)o2 lea ce eae = ok oe | eee eteriatel | re 
KGa (0) Se See gy eek Sn RE AS | Pomee nore tern ae ee A Peo ocr | Dee 
WETAVViGHT Sek cctrabratatrcicstecct ln aermee ciccieraus ceteris cae cso a seas 

(UU yt Be ye oer, 15, 900 23 
GV VITRO TUA ene eee Serer heat terse | ois sae oot ere ae ee Sareea = (eee 
ENVIS UO Ud elas cnectatet eee eo fete iar ae ee ee cetera tare eee 
AVG A ee eA toss acne [eee ed atte ceil ince coke aoe pera eeere 
SVU TENT S S eek ark eee nae a oa ee ie ene Peeeeea se cee ee ee | ceereeet 
WOM ee cae eben ohare a oo 4 lo eeee eee 2 nee einai | ae ele oes le sereereres 
IVEY ANIC Gap eee seem ietscon Tymochtee....... 20, 000 43-5 

IV IStICT Sects meee Asem foil damtatings oc emaacmcle |e ce nee loon ee 

DDOGALS ie cece se on etree dl wwsiiads soue ween 3) 221,400 ||ecoce= 

1 Flood bonds. 
2 Bridge $70,000. 
3 Emergency road and bridge bonds. 
4 Bridge bonds only. 
5 Nine months. 
6 Bridge $24,000. 

of est 
years. | rate. 

Perict: 
10 

10-18 5 
10-18 5 

Geos 5 

Th 10s ooubs 
1-31 5 

ey 2 ae 5 

(°) 5 

5 5 
2-8 5 

ee Peace 

¥ ti 

20 ae 4h 
roe ial preerspeae 

5-25 5-95 
13 5 

easier fa eee 

han 25k 2 Bs 
Beene 5-54 

a esate. 5 
ee SaaS ae 5 

15-21 6 

Roce Pees 

10 5 
2-13 5 

ia) ees 
5 5 

eae 5 
5-15 5 

SE ee 5 

Pe ed Re: 

“4D-9 | ae 5 

4530 | 455: 
1-22 5-54 

Nee sl 5 
5 i 

i To 2 2ae 

8 Bridge and refunding bonds. 
9 Bridge $25,000. 

uu Bridge $190,000. 
12 Bridge $85,000. 
13 Bridge $6,000. 

7 Of this amount $775,000 for bridges. 

10 Flood and emergency bonds, by authority of H. B. 640. 
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TaBLe 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

OKLAHOMA. 

1912 1913 

Counties. Townships. Amount) Derm: | Inter- 1), .cnount | Lecm. | Zater- 

voted of est voted of est 
years rate F years. rate. 

Per ct Per ct. 
(CRMC oc dd aoe BH Snes SUR a neeHe BOR Wives eee an seal Mahe eee sehen ate ONE cagmpana Carte RE $15, 000 15 6 
(Creeks me yoo eter ae he Ti Sapul passe ys ase Meee eee ke ee eee ee 50, 000 20 5 
VOLES ee eee Catoosa 2 7pew ees eee a ait I ra (Se 3, 000 25 6 

MOL GIBTISe Mapes nelle pees ee ne eee lei eee 14, 288 25 6 
SGI - accede secseEseeeas Kein ge se ace $27, 500 15 Ohi ae SSR alee ee a ee tk SA re 
W/GEOOGR. occ cose coe aetie dl ae ee Seen ae tear THOZOOOY| SaN Ase lee ease cae Smee ole ye sis |eeeen same 

Tata aa ee ts a eee pa re a Rm re 13 00) poe eee ganas S2VO8Bi|L ane eu |e eas 

OREGON. 

1912 1913 

Counties. & 
Amount | Term of | Interest | Amount | Term of | Interest 
voted years. rate. voted. years rate. 

Per cent. Per cent. 
(CURSO a) eyes et HE Etat ee nea ey nea Dh eee Dene (PSL Ee $400, 000 20 5 
JACKSONE Pee aes 7p EG Abs SG pape we ee RIA RIC raya a Resta RSL kedereliye ll Inyaielve eay ne 500, 000 10-30 5 
yet ay aye ah ALS) Pas i A ae ee a NL eH A La Ine 1, 250, 000 1-30 5 

NOSE Ss eae cA ae gua ces oar eG ota a la on nea ea Late cee eR || 2550S OOO 2 | tee iseiereenes | ieee cree 

PENNSYLVANIA. 

1912 1913 

Counties and districts. Townships. Ammounel Derm: | Inter | qn |) Term, | Inter: 

OT ea of est voted of est 
years. | rate. F years. | rate 

7 Pericts ipenicts 
PAIS SME Tyee Ror te Sta cl si 2a) aS Po bee = ee lok os ste bela noe ee selene $1,550,000 30 4) 
IB CLIKSEp peer naka nities ans consclasatineoseseceeeces $475, 000 2-12 BP as ee eS laa ee ler 
WAMeron ee aoe see eumibersessee eee 600 Oss | PersOSO An citer care ce | Soma asa eee 

Shippen:sjee---5-- 3, 000 10 Hit asset sera Ree sere eae eee 
Carbone istricts)(O5)cisns5<clo-esecie es ooeee eae cae Soe eee see soealoene ens 50, 000 5 4 
Wackawantla/. 2.025252 Boa | ata Se sien Pls Asi eras ral sy ee ee PE ea so aca | atlas) vee ce 200, 000 15 4h 
IGUIZE TMC He eae a Ue EAS 2 2 260, 000 
Mekreame sai agit SUE aS 

TEXOLFET ES Sas ee ee RN 
Sullivan 
Washington 20, 000 43 
Wiestmrorelandiawecserer tas | Sas on ace ache oe amen gy sea DAI E Lc 250, 000 20 44 
PY OG Kea eee Ey oe ee eee oda Seno oo eke np Soa pla aca fie bs SON OOOK Peet Na | Gare aaa 

PRO Cale epsrep i cemecerey a sf uh asim a Sheed ASAE 5 ORM ls clr joan a 25590 1000))| Sas eer | [enie ee 

RHODE ISLAND. 

1912 1913 

C ty. Au B 
pee own iATnount Term Inter- enount Term | Inter- 

voted e est voted of est 
years rate. * | years. | rate. 

j Zt Per ct Per ct 
AWhashiin some ase eens South ksin estos |; LOO OOO el seen at eye es eho eres oes kr Rang | ON 

1 Bridge bonds only. 2 Bridge $100,000. 
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TABLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

SOUTH CAROLINA. 

1912 1913 

Counties. i 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted. years. rate. 

Per cent. Per cent. 
ILATITONS ss seee wae en aie eee aoe $50,000 |....-...-- AY |S te-dtisests sill tee ee el ae eee 
MATION. ors sepia cee ane epee etn ae AQ, O00) Ssae-ce5e2 Be | oe aS nh asicsers| cles enema |e eee 
cc (olel hols eee § BAe ne me ae nee TAT ERV O09 Peso emcee ae OF | eee eae | Coser | eee eee 

otal car earn eee one eed 1654000) |sseotewees peace ese ronan ere ee tere re 
a 

SOUTH DAKOTA. 

| 
| 1912 1913 

Counties. | Township. bs 
| _ Amount eae a Amount bev ae 

w | voted. years. | rate. voted. years. | rate. | 

| | 
| Per. ct. Per ct 

PONMINE TOME Ss a saceee usu see ees saree een eee | $44,000 1-10 Ol BREE Geer erence 
Slanleye co. hace see ne se anal oe oe oe eek ee 1 DUO nc caeios| a cactesee |eeeac, < ose ee eens |e 

Ashecreek..........| 3, 500 5 2] Par eae Peres (ede ce At <n Pine a 
| 

SROLAL seen ee soe ee |J-rearsoneeceeneeons GL SOOO Mes coors 2 els So atece ccs] le ce arate | cere ee eee 

TENNESSEE, 

1912 1913 

Counties and districts. 
Amount | Term of |} Interest | Amount | Term of | Interest 
voted. years, rate. voted. years. rate. 

Per cent. Per cent. 
IBGU TONS ee weak ee ace e.:, ao el ees SPE ECR R SAS! eee Mee eee $200; 000 |. 23.222 5e| See 
STAC 6 Vion eee eee Rom ene Om fue Se se See ae |p ies Sek acataeee 25, 000 25-30 5 
Campbell ieee. o 586 cn Meee ee fe Sonam ceitote ak ee Me tee. Ere eee eee 4,000 | es aes et 
Carters G2 pics 2 2a aA Ane ee, Se S12, 1044 pase one ene at ese || stake Se aco Sas eee oes | Sees 
DICKSON epee ee ee ee ee ee ameter Rs Sa eek ee 250, 000 30 5 
Greene725 districts: :0--8..2208 cease. [teeny oe teen. eee. Lae ee 500, 000 30 5 
IFLA BIGNESS kee pine ee Seance ee | 25, 000 40 5. ass eS eaere aeaeeeee ae | Sees 
TEIN GReTYNSL Tee eR ot aoe ers ae |e a ee er | ery ee 17, 500 123 53 
TACKSOTIC anes Md fo a cee eo Maen | i See iat caen eens WN aati 100, 000 30 5 
SIGH ELSON st s-5. comes Poe eee aie eo) en sure eee hn ee I aL ee | 150, 000 300 | Seeeceeees 
Woud Otlete Seacne ese eee een fe STOO NO 00) |e ss cee bene eeaaes | 150, 000 30 5 
Mon taomeryies esse ee eee ee [eee at B 3 ssa awk eee See 120, 000 30 5 
Ue BET ae 2 thn, ah ho Oe ee a A Re RS 28 hl cae eo Lee ee 14, 500 if i 
PO eae Ba Vo I ae ee rc OSA etn YS AAA ee 330, 000 30 5-6 
IGA TI Cen tear, cae Sa eee Se ie eth ery a so Me eae om oe tee 110, 000 30 5 
Seviers ty OIstrictss-- ne) bes ok ee ee ee 185; 0007) Set ccis soe| see 
pod aCe sp eae see raw ger eee ded vanes eees loner anverrabe aN We See Sev Sh] IP ROP yor ne Se 600, 000 12 5 
SSL bU LUG p20 ER pe eA EE See ino 200, 000 20-30 43 30;000) |. asses oee| cease 
ROUTING Peer Fe eat et eo | 200, 000 30 Ady ond sche soe ace crese, See eee 
WeSC se Se eels coe eee roe see 12001) eee sees alecmnce son Gas oe ees ee ee 
Whi tele Aide a. ee Rate aa =| SOO00}| ee reeemaes |e me eas linac |. (bowel eee 

Ota: eae ee sata eee ee | 6207 144u lh aes see |b 2786+ 000) see eee | ee 

1 Bridge bonds only. 



TasLe 24.—County, district, and township highway and bridge bonds voted during 1912 

Counties! and districts. 

Baylor 

Bosque: District 7..-. 
Brazoria: District 3 

Wamilenoneee mee cases sean So wyeee ie 

Chambers 
District 1 
IDS inte Cee bee toes eecereadeccoeaees 

TSO,» coe: aa ne es eee tee 

Guadalupe 
Harris: Districts 5 and 6 

Leon: 
DIStGICHSM Gees see seme re ook ee ee 
ID USS RVOLE 7/5 eee Ae eo 

Liberty 

Matagorda: Districts 1, 2, and 4 
McLennan: District 1 

Montgomery: District 1 
Navarro: Districts 1 and 3 

VOLT EI O ses ees toe ees resie elaye cee 
HUODORESON eres ee ane aS al 

HIGHWAY BONDS. Ge 

and 1918—Continued. 

TEXAS. 

1912 

Amount | Term of | Interest 
voted. years. rate. 

Per cent. 
$150, 000 20 5 

F)200%000) Fars a 5 
100, 000 20-40 5 
TOOKO00)| eee aes |e eee 
15,000 20 5 
E960! ke eee ees ana at 

iese40°000) tenant HO ec aeaeeen 
150, 000 34 5k 
45,000 40 5 

100/000) ea 401 96% Bie 

Nip PAA OOONEG ss caer mene mae 
6, 000 20 5 

ef cHT OO cs eee nt rons 

re Tars(1) Tih oer Oe A eee 
75, 000 40 5 
173500 0ileL eee Ree cee cece 
AO Sa eaeeseallasaeeeoase 
30000) |e [as eae 
1990! aL e nee ne ee keh 

Bre FI 5OKO00;| Eee een cali. if 

mi 4005000) eee OMI Le if 

ae 25 4000. ac iahee a e be 

352127000! | vans C)emn Ente 5 

MLS T 7A, O00) |e eens emese mie 
1005000) eee eeemer teeeen see 

1420/0001 4% 540i aetield 5 

eS AOTC 0) Pes at 0 (ei 

205 0001 kek setmens less on 

i (21505 000) NemtO2401 | @Paie Si 

9771005000! |nee CON ee Bi 

RET SOOO ses ke Tae 

R00 (O00! use ome ch 

E95 000) eaueanae wale Mesos 
500, 000 40 5 

RIG OOO NC Manne CE Made ernie 
1 Counties subdivided into districts and precincts. 
2Tssued by commissioner’s court. 

1913 

Amount | Term of 
voted years. 

Pi $20\000) |e sees 

is S000 eee eed 

Tana arOsO Te canes 
200, 000 40 
750, 000 40 

fain 5,000| 40 
TS5SO000N Sees eeen ee 
2030001 fa seese see 
35, 000 40 

ni 1007000)| Sueteauan 
450,000 |....-..... 
275,000 40 

Wait 40,000; 40. 
50, 000 40 

Fe AS50F 000 ete se 
AOS OO OM teenies 
20,000 40 

250, 000 40 
50, 000 40 

AS35000) ease ae 

Pe 5OROOOH ea ae 

CoE Gry me epee 

8250/00 0Niapans 40, 

ray 20,000 = 40 
125, 000 10 
7500 0) beeaee sees 
3,000 20 
4070000Seeem ee ca- 
SOSO00} Peseee eee 

100, 000 10-40 

i P50C000i| aera 
2005000) |Reeneecee 
150/0005| hee ease. 

054601000) seaeanes 

eye 40,000] 40. 
50,000 |.....-...- 

200, 000 40 
100, 000 40 
475, 000 40 

Pr165;000)|Shiae eens 

vite 40,000; 4 
2on0008| se eeemere 

(2502000) [sare 
a UAC} 2 09 Roe rar 

376, 250 40 

3 Serial. 

Interest 
rate. 
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TABLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

TEXAS—Continued. 

| 1912 1913 
a 

Counties and districts. | | 
Amount | Termo! Interest | Amount | Term of | Interest 
voted years. | rate. voted. years. rate. 

Per cent. Per cent. ¥ 
Sterlin pes a3 a05 28 ast sere. Pee Re mee aed ato es ied | Beak ao oe Bele meas 2 seers $10; 000%) 32 ease eee aeeeeen ee. 
Parra ers a eee ae eae eee $17600; 000 |eeesstasen sore acec Salt ocaaseee ole ese cere lees eee 
Mom Green) sc tier Steere ct certad = aoim all siaianeyarers Bo asic iota coral meine yee 70, 000 10-40 5 
Mr thy DIStRiChelissst ct eee epee aes SEL ate Soc) str eo elec mmete 120, 000 5 
IWidlicena te ans eae ons eis Nhe ot oon cues ose eee ee enal| ams ae eae L150; 000 N2 eee nse | Saseemeone 
Wealllens: sWiellert sa fe sete cicero, ae cio ea ice rete) eel rae) ee eee ee 15,000 5 
Wharton: District l.-:,...-2-<22:2t<s<: 300, 000 (2) By xno hel AN eee Ie eer 
WOO Aeneas te teen 12000 Ol cc ce Gata = oaks setal| eee meee Boel meee eel | eee 
PVD Ghee oie rahe cia asatege 2 eh s Sayen = ore rareieanaioiey| Siemerers erties eens Sele tenses 31,999 5 

TO Lal came ee eee ee Deen Od0 esse eeee| eos eee 6 (598,810) sess eee 

UTAH. 

1912 1913 

Counties. 
Amount | Term of | Interest | Amount | Term of | Interest 
voted. years. rate. voted years. | rate. 

Per cent. Per cent. 
WOXGLO GR acme ose ete eas | $175,000 20 Oy Baar eter eaeNd Latent a= eee one 
Gres ee sas ee ee eee eee | 8,500 20 Spe) Re opt Meneses, al mereoe si 
POLIS DLE Lag epere 2 eee See a oe eee (eee eee oe | ee ee eee ee $14,500)) ~ @ 20u eae 

Ota eee ce ae ee eee | 1835500) [222282 ee pach ees 14 HOON S28 snes | Se ree 

VERMONT. 

1912 1913 

Counties. | Towns. ; ™ | Amount | Tem | Inter | amount | Term | Tuter- 
voted. pase ae voted. ; oat 

years. | rate. years. | rate. 

: |_ 

Per ct Per ct 
NG GISOT es eae ee eee Mid dlebury..2.25:| 3 <-Ses26e| oes abel sssee a: $l D00i | eeee nee seemee ce 
IBEHMINE TOM: < =2-2 525242. 28e- | Bennington Center|... 222.2. -.|'S2-62-.|-o2+5- 10,000 13 5 
I oyehalcd bua pee tneees a eee ae | Berkshire’, Vos200 |p secs teen | ence ee aloe eee CEL | coe race beees ace 

Bhs acl Co ey dl gemieeysie genes! pore en 5 Gseesn Fs tet eres | Pies eae oe 1050) |t:oeieeallaseeeees 

TG ele Beare ake CPR: eee et asf eee ace eRe |e), 4a ee 1362 1| sae ae eee 

VIRGINIA. 

7 z rt —--- 

| 1912 1913 
| 

Counties and districts. inn cee 
Amount | Term of | Interest | Amount | Term of | Interest 

| voted. years. rate. voted. years. rate. 

| 

Accomac: | Per cent. Per cent. 
PNT AGS 2 aka an 2 ate ae eee oe ies 002000: ee teoe oe DY lancome a cee ms | soem eee eee 
TOO ae Saree eee eae barge | Soke se. rouse | pieces Sats | aoe eee $50; 000));2 222+ 53 

Augusta: South River. ...-....:---..- 250, 000 30 S) (acts Secc cee leectece. 22 lee eee 
SPOUTS WICK suk Sc udeen tae seeans aiece| 84000!) Soe eee aac | bles ones cee alee Seance |e eee 
Culpeper: Catalpas. f-.c2 ese 5422 | 120,000 (2) Tn ee eee ladccs Sees |e 

1 Bridge bonds only. 
2 Serial. 
3 Issued by commissioner’s court as emergency bonds. 
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TaBLe 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1918—Continued. 

VIRGINIA—Continued. 

1912 1913 

Counties and districts. 
. Amount Term of | Interest | Amount | Term of | Interest 

voted. years. rate. voted. years. rate. 

| 
|. Berict erick 

Dickenson: Clintwood and Kenady--- $54, 000 2-30 5 $325000NEre-eect-as|-eeeerene 
IDniiftox: Wiamiae \/Gaen ss pees Seana Benoe eneeenl ta hanes MeO on de 9050005 |h-rstisao| eee eee 
one CCM) scedsodsde odadbde sash Obed| sees seaaceen be aUnSce Sa sar serebes LO OOO etter (arate lee nee ee 
ILGQ. 2 oa3 Coe Hee sec ene Sd tome eRe R EGE aCEOe BEme aah peccel breue SSeece! etes ama (Os 0005| Setters 5 
Lunenburg: 3 districts A nneeeayan noses AQ O00p|eeenes- 2 6 645 000) Fee meaeas- 54 
NGKOM. cosédasaotosh os Se sUpEE SeneEaG Bearede codes Sepsesedee eaecosase 35, 000 32 5 
Northampton: 

bias tive ye epre aia) -iol alee a= ol i=)-1=1-\- SUSU ON eeeestscal sdehdoesae Sxeeaeasceua poreesnaes buasasaaae 
ram OW se a veseseet ea se See 20,000 30 Oe) encase nae se lacosooceal basses cos 

(ONO. 5 Ro Boneanocoaeadase seater 125, 000 10-20 By ees choo Seal pasoasudsa| Wasoseabes 
Pittsylvania WAN RIVeL- 2). ese. = 100, 000 34 OT ees CEP elentam ap sibs ok aa AES 
EATTAS Kel eD UT OLy se ae rere aieeieieite 100, 000. 10-30 5) etl GAs ashe ab Oo| gn ehede5es| Sesascaces 
INE VOOR < 5 A nae one anon Sos Sees aaerses| HORA Aenea EHaAbeoome 645000) nase cae 5 
Rockingham: sPlains yea. = oe 30,000 10 OM eescoasEemte Face aracec meeasaAsts 
EUS SCRE renee aes ar evel atti terepera | amie oie Sl nh tare ee Allis apcrereyerate fone TPH5OROO0) eee ae | 5 
Scott: 

HHS tall yalloe eer ets ese. ese yeae ome lee en cee aee ee ene Stee 8 100,000 20-30 5 
TITHGINGO - ee SAR OBS BBE BEeeedaoe Soo bAsoeaceecee SaeEenarsal SaHeEesreae 33, 800 20-30 5 
YOO 5: 5S55300 Sh pce EBeeeeE BRC Sae lee coSSneeaeal HUneE Aare Mepeaner sae 33, 300 20-30 5 

SiiyvheeManioniandes tC laine syn a onleeeee cee eae smcsec alse ecm 2255000 eeeeaeeere 5 
Spotsylvania: Berkeley and Living- 

100, 000 30 5 

60;000i/22 5552228 5 
205000) Paeeee= == 5 

ISC sete eee eS ieee ec lmicis Sie as Seem aets| seme seee cess ee oecns 260, 000 30 5 

ToS oA oe ae ei PSIZ3R 000) | rede tO 2 see TP AOSHTOOR Meee eo A| tae es 

WASHINGTON 

AGOUMTI S| Son SESE Serie aCe ee ete Arey eee ene] ame alah aa es Les hehe | kale ee $30; OOOs esewceens ce leissea eee 
CIR Tins: Sa sel otgae ne eee eee $300, 000 20 Sl eerste Sm real eye Ml alee aaa 
(CHBIA OH 5s SSR Ee See een ae (ee een eth ernNa es | cea eee 5OOLOOON Bee eee eee mene 
IK Peee see mec eeetas co geen fees 3,000, 000 20 tl erararctare oe testa etre. a | ere secre 
Okanogan: District 1-.......-..-..-.-- 15,000 10 BO eects tee (ele crea ese eyes ne 
Snohomish w el tasesserers = jo oh eienis et ol | Seas erate aed ZO SOOOK| seme sere e | eee sete 

CTA ces a 3,315, 000) |_25 cee iene noe 6101000) ee eee Oe eee 
| 

WEST VIRGINIA. 

$125, 000 34 EV | eee ne eh eel WN Rep aryl ne Fe iaY Be 
125, 000 10-34 MAAS eine soo Seed be ap Syel 2 cok | tyne eens an 

HAA a Ne eA Bee cocSH ab KHABenno te | $60, 000 20 5 

Bo Ora) ae fae cena | 400,000 30° 5 
Manninetontssssmien ep nace seas. 25 2 5| i oe Sod 4 as laseisseeine a ele sees ne 300, 000 30 5 

INPERSIOEI i 58 Dee ae lite a 150,000 34 Gefen coe eeu ela Mapes ate ae 
leaSaniSems be Many Since st see so |sn eked «ses eteee a eeeloecees seen | 60,000 30 5 
WVicizel eG rantiae tee erie oh on colon | neces Sets eee ce cena sae | 150, 000 34) ¢ 6 
Wrood:trarkersburg sees. ss- 222 62. 180, 000 30 dU bGbooacasdae |---+-2----|-----25--- 

| | 

Taiell sweets Ra eee ETN YNOD | ices ie ae W970: 000! losses on [ean cee ame 
zi | 

1 Bridge bonds only. 
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TaBLE 24.—County, district, and township highway and bridge bonds voted during 1912 
and 1913—Continued. 

WISCONSIN. 

| 1912 | 1913 

Counties. Townships. Term | Inter- Term | Inter- 
| ee of est eee of est 
| * | years. | rate. * | years rate 

| Pen Ct: Sz eruChs 
WSHIANG 2.0% cniccades se casisece sl] sc seeks cctecl Se clee eer | $25,000 20 eosce ccs $25, 000 20 4 
Columb idee s.bna2 sees cs 2 cae kolseousemeccesecewesee | 20,000 PHS ose ee camcete SER tee nee eee ne 
110) Peo eee eee eee | Sasiegine oa sees Seales | 35,000 6 Co) Sees ee en eee 
Wa: Grosses aeace ee ee see ees \ Onplaske: 2 £2 esccelecne es Cebececiece| sciences 11,000 10 i 
SEH DL cp We enact eee erage eaear ae SEI [eceuee cc cuusetesasee lic ais, Bowe ees 2 ss [Pease ace 24,000 20 4} 
WilaSsiea gs ec ease neste ane eee eee neers ae / 60,000 20 | Bbc 2 oma: Saleem eea|s Soe 

HE Otel ae See en be ee nee eee | 140,000 [se suns onesie cue 602000). 2 3s oatet 

| 

1 Bridge bonds only. 

TABLE 25.—Counties, districts, beats, and townships giving complete mileage returns of 
roads built from proceeds of bonds. 

Miles of road built and planned. 

Total 
: Counties, dis- | amount Bitu- 
State. tricts, beats, and ee to | - mi- Remarks. 

townships. an.1, | Sand- ee ac- |nous| m,.. 
1914. clay. | GT@Vel| adam. | mac-| Total: 

ad- | 
| am. | 

Alabama....... Autauga........ 00; 000)! LOOM iste cs rs)'so seericia| acts wos | 100 
Bullock < 22222. :- 160, 000 95 6) |Seaeeenalsseeee 100 
Wallace. seeene a 410, 000 44 US 9 aah en Sarl Meters 197 Includes 16 miles 

graded. 
(MlMmOres ese | 170,000 55 6G) loSsescec|e-noes 111 
JACKSOMes.2.50 <8 200; 000)2 22... . 3 32 AG Weecce } 108 
Marshall. ....=:. 130, 000 35 30 A eases 75 
Mobileecsocceese 500, 000)........ je eerecee| scorers eee 42 About 1 mile of 

| bituminous 
concrete pave- 
ment; 5 miles 
of chert gravel 
and 36 addi- 
tional miles in 
eourse of con- 
struction. 

Morgan..........| 240,000 65 
BikGicm eek pees 192, 000 230 
Russell.......-.. 100, 000 : 65 
St. Clair......... 85, 000)........ il eee ee 85 

ARIZONA 7 tee ee pgviiniaeee eee 500, 000).......- I> 150 te Pe eee 200 
Arkansas.......| Woodruff: Dis- 30, 000].......- OP se ices Seas eee 29 23 miles of graded 

| _ trict 1. road. 
California. ..... | Glenn. <o2og2.2 450, 000)........ 1G eee oe aeeere | 160 

Kprticss sees eee 2,500, 000|.......- | 38.1) 183.4 |.....- 339.5 | 118 miles graded. 
Los Angeles. .... 3;500, 000)22s0c-ce eee heen 248 | 248 
Orange........-. 15370) O00) seo hae oem toe ae 107 107 
Sacramento. .... 000, 000) sos aee a See ere ae oe 104 104 
San Diego....... 1, 250, 000)........ Reet ra LSA | ae cee 450 Mostly surfaced 

with  disinte- 
grated granite; 
44 miles con- 
crete. 

San Mateo... ... 1,298, 000|........ 20 Ae |e 112 | 44 miles not 
; specified. 

Delaware....... New Castle...... 1, 285, 000 60 2.9) 161.66} 2.06 226.62) Of this amount 
$275,000 was 
used for 
bridges. 

Bloridac:-c.2c. Columbia ....... 40, 000 SO. ince veered be ceee else eee 86 
Hillsborough ....| 1,400, 000).......- ieee Rarer ees Se 70 Brick. 
Manatee ........ 250, 000)......-- eee G4. fi \eooee= 64 
Nassau.......... 60, 000).......- eee aN ene ares Poe eee 22 Shell. 
Orange. 2-4-7. 800, 000)........ | ater eye eae | bene 80 | 65 miles of brick; 

| | | rest not speci- 
| | fied. 

BPas@O2es 2 o. 1502000 cose s| see ee ee BOs Testes 30 
St. Lucie........ 200, 000)......-. ee eo | ee eat a 50 Rock 25 miles, 

| | marl 15 miles, 
| and shell 10 

miles. 
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TABLE 25.—Counties, districts, beats, and townships giving coinplete mileage returns of 
roads built from proceeds of bonds—Continued. 

Miles of road. built and planned. | 

Total i 
Counties, dis- | amount Bitu- 

State. tricts, Dents) and voted ito na i mi- Remarks. 
townships. an. and- ac- | nous 

E 1914.” clay Gravel adam. | mac- Total. 
ad- 
am. 

Georgia........ BenkEmlls ss ese CHER UOO)P abeay h c eae 4 es oo scel epson 125 
dahesae eos 5. Fremont: Dis- 1205000|Sa=eeeee GOD Sasser ee eee es 60 

trict 1 
Indiana........ PALAIS Bees ee ats 151550 | ee | eee SOR OI aeeee 36.9 

INI See abewaE 535840] loess eames! 10534 (ees 10.34 
IBOONCrs se oeesee 2235 260). 22222: OG | ee ieee eee 105 4 nae of brick 

road. 
Cass: Districts PL2FAD5 |S aeea 12 15 8 35 
13 

IDF GSE Ee Se eooe SOK 000) see aaee 27 Biiallpederss 30 
Delaware..-....-- 100, 000)...-.... 20 LOVER Bien ciee 30 
Gibsoneeee essen BRU) BeeBaee ecaose. 20 Reames 20 
Hancock. -5--- 273,500) =. .-22 76.5 fri Sasi 77 Bridge bonds, 

$25,000. 
IsiGitiny se aoscone 44; 260) 2.2205 I Woes ssone 5 26.5 
Aes ers D053, 0|s eee oe 6.5 coi Peer 15.5 
Mar finiaeceas.-= 189, 881).......- BAS 54 eee |rsiates 84.54 
Maarmiteeele sate 636, 656|...-...- 204.38 ORGS einer 214. 03 
Morgane nes SATE 2008 ke cece = 273 Ovi oe 348. 75) 2 me of brick 

road. 
\Opablo es -esoeoes GOROOO| Se ei as =o | aa ee Gnas eee oe 20 
Vanderburg. .-.. 26621 9G | ee oa -v5 | a ceepe areas | meen OO arta | rs eae 60 

CL 7a} (Oe! Peet seh. (cal bev Ee en 13 
C200 | Poe 23s ae eal eps | Pesci 5 

BOK000) 9 x22 -2 SIE ea aime] OW en eee 10 
S6#000|2 52. os Ele AG hea |e eres ele 46 

IDS ECO sp sssacac= GOROOO 705 a eee Mis eee a N= oe 71 
East Baton 225000)2: 22 a2 ES) || eee eed aegis 15 
Rouge. 

Iberville: Dis- 4320 |Soeesiee aI 59 (AS ene [eer ars 10.5 
tricts 1, 5, and 
6. 

Maryland.....- Cecilere oe ace ss 100% 000) ease | sees 3 14 17 
Prince Georges. - AGSOOD Sean ee A ac | Se aa | eee 10 

Michigan....... Alpenassete sack 100, 000}.......- 40 ele sipie eles 40 
IBATAg as. te csc 40,000) 20 LO Wied ER Sey ct Rae 2e 30 
Berrien= sees. S00} 000) ee aaa Qs eee 100 
Genesee=s 736 700,000). .22225- 141 Ie Seperate 155 
Mackinac....... 1005000): 2522222 See eheac secs oe 35 
Mason¥sseeeace sai) LOO 000)s2= 2 see. 32 Biealencee 35 
Midland.......-. 565000)... .-2 22 10 Diealisarauere 15 
Ontonagon...... BSsO00 Pease 6 Geib ees 12 
Wiaynessssennee- PEO (00, 0) Aertel es Gosouellodabesad seopde 83.5 | Includes 80 miles 

ofconcrete; rest 
DO O0O ee fer 6 AN ia ea ae 10 not specified. 

Minnesota....-- Z0000)) ) 22011) ears | Wane aaa ar 20 
; 300%000|as5e- a2 7 Saas ane =. See 175 

Mississippi... .- 1605000). 23°75) |S seseee eae ee as ees 125 25 miles of clay 
and 25 miles of 
shell. 

VAS PCLS So sce cenee 25,000)! 40)" 5] eee eee te seek (es 40 
Lauderdale ..... 3505000) 32: 25): 522522 OU ViO| ees r= 84 
Neshoba.......- 1000002 22-5 yeeee 28h i eae 28 
Prentiss: Beat 1- 405000) 322-45 25 thei | eee ee |S 2 ves 25 
Yalobusha.-_..-.- 625,000) W50) mi Eesepcel le Soe rears: 150 

E 2 Beats 2 and 4.. 485000). TiO heii) veers eet kala ae 110 
Missouri.......- Callaway.......- 1O0000|G22e a 16 ee [ee 28 

Lafayette. ...._. 1251 000|-eoeeeee eens Wig sae acs 14 
Lawrence: GURU paacsooclsasurees DN hee 12 

Mount Vernon 
Pettis sa ho 200, 000).--..--. 15 AA De Salle suelo €0 

Montana....... Lewis and Clark| 105,000|......-.. 20 srs esis Fe [eee 20 
incolnmewses ee 1254 000i Saeeees AVS aes epee pete 40 

Nevada 2222 - Churchill........ ZOO Ga LOM I Uae ciate eoe keene ees 15 
Onmsbye-s a oos- 40, GOO Une eee ee A oN see 14 

New Jersey. -.-.-.| Atlantic......... 307,000}. --....- Gi Ale eeeeise Seana 19 13 miles of con- 
crete road. 

Cumberland..... 43,000)........ 20536 Me hes sesh oeen 20.36 
iWSSexe eee aman T4140) 615,015 | eee | eae TSS ys losses 158 
INTOTTISS Sony Sees 4008000) tesa a2 2 |eeae eee CH) | See oe 85 
SUSSOR Eee sees Ia U0) ae eee ek ee ace 2X i ese 26 

New Mexico....! Dona Ana.......) 100,000'........ AQ ede ee etyelet scm 40 

§2448°—15——_6 



82 BULLETIN 136, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 25.—Counties, districts, beats, and townships giving complete mileage returns of 
roads built from proceeds of bonds—Continued. 

Counties, dis- 
State. tricts, beats, and 

townships. 

New York..... Franklin........ 

North Carolina.| Alamance....... 
Cabarrus: ..--.. 

Cumberland..... 

Oregon..... £6eH 
Pennsylvania. . 

South Carolina. 

Tennessee... ... 

Edgecombe: 
Districts 1-5, 

Geauga...2-.6:- 
iancogkees =. ee 
Highland 
Hocking 
Licking 

Mahoning: 
trict 1. 

Mercer 

Montgomery . .-. 

Prebles.c s2-c0c2 

Jackson 
Allegheny....... 

Warbontee see. a 
Dillons see ese 

Campbell: Dis- 
tricts 1-5. 

POURS ence setae 
Bevloten as once 
Bell: 2 districts - 
WOKE Te = ce 
Bosque: Dis- 

trict 7. 
Brown: Dis- 

trict L 
Comal.......... 

be 
El Paso 
Freestone: Dis- 

trict A: 

Hays: District 1. 
Hill: Precinct 1. 
Jackson 

Miles of road built and planned. 

Total | 
amount Bitu- 
se acts ‘ mi- Remarks. 

an. 1, and- te did ac- | nous 
1914 clay. Gravel. adam. | mac- Total. 

ad- 
| am. 
| 

| 

$500, 000)........ | oe mtojceme| sone ae Sere = 124 Gravel and mac- 
adam. 

200,000 ease fecle soe. G5 ies sass 45 
145, 000)-.-....- 15 12 6 33 Also 10 steel 

bridges. 
40, 000 iV ee eee We eae ee Pere 50 

200° 000) seas secere set ee ee 450 

300, 000 10) |Saseeeee C0 |Sesene 100 
300, 000)........ 15 it See | Sees 120 
60, 000 1 2 BOY *)\feeere 33 

100, 000 8 dun seeteeel ee gies 92 
218, 000)........ FU Y eee eal iceeen 200 
909, 000).....--- 421 BU Weoccee 425 Of this amount 

$9,000 was used 
for bridges. 

1g. 260 eee eee ee 32 30 65 3 miles of brick. 
PAUPLATOI 0) es aie at Hee atten ke easel Ree 2 2 miles of brick. 

408 /000io22 oa5-= 2 LOO. |ebaeee 102 
7, 850|.....-.. 12) sl 1) eee 2.4 

50, 000|........ Oro\e sol 4|aegees 7 | 1.5 miles of brick. 
7OUNO00 hemes eles lief aas | eereee 133.5 | 5 miles of con- 

crete and 33.5 
miles of brick. 

150; O00 eats see |e asec (8 Reeeee 14.3 | Glutrin 2.6 miles 
and brick 4.6 
miles. 

2,134, 600}.....--.- | 454 ABH | |'Sac82< 590.83} Concrete I1§ 
miles. 

AT (S000) tees 15 55 1 fal 
40; 000}. 22 2s-e estes: | ODN eae 4.75| Brick, 1.25 miles. 
AS’ OOO seers |osee eae jones Ae eens 6 Concrete, 6 miles. 
115160) tee see bros ses ee oes ee 2 : 

755,000|.......- 19) Pee a eee 128 | Concrete,2 miles. 
| Bridge, $85,000. 

5007000 ae eas ee alee oes 52 52 
TO; G00;000 ba Gees leceisiaene 604.78 1134.1 836.36) $550,000 bridge 

bonds. Con- 
crete .62 mile, 
brick 74.86 
miles, and 
plank 22 miles. 

HOWOO ate eee ene eee ee LOM eee 10 
100, 000 70) sec, cereal Serpe ea ct ne 70 Concrete bridge, 

| 17,500. 
200; 000)... ..-<.+.2 32 tg eae 67 

250, 000)......-- h MeL OO es See se sauce 2 100 
3203, 000| 52.2255. Phi ret ae 100 |esc2.- 100 
405, 000).......- | 110 i seine 125 
100, 000 125 Ui age aed A ey eed Ma ee 83 
200, 000/........] OOKh Oe ce ae ee 90 

1, 250, 000 ll 231 ONL Re eee aS ers 241 
40,000)........ 58 SAE OMS [a eh 10 

150, 000 35 (0 ees sed eae 95 

153, 000!......-- Fi0fgs ere eee eer 50 
100, 000}........ De. 8 ex ke ee alls ieee 28 

617, 000 10 | Se eee eee 55 68 
50, 000 AL Westie ake | eke ec een 41 

150, 000 35 All ®t) Sees eee 75 

20 
45 
80 

200 
100 

iTncludes 68.1 miles of bituminous-gravel road. 



HIGHWAY BONDS. 83 

TaBLe 25.—Counties, districts, beats, and townships giving complete mileage returns of 
roads built from proceeds of bonds—Continued. 

Miles of road built and planned. 

Total to 
Counties, dis-_ | amount biw- 

State. ucts, bea, and | voted to meee by mi- Remarks. 
ownships. Jan. 1 and- ac- |nous 

1914.” clay Gravel adam. | mac- Total. 
ad- 
am. 

MOxasy seein io-e Jim Wells....... $125;/000|2 ae -e 1 eid Bee serel meE Ae 100 
Leon: Districts SA" OOO RET ewes ec wala Syl ee 17 

1, 2, 4, 5, 6. 
McCulloch... ... 118,000} 41.5 Dien sissies settee 69 
McLennan...... L5O S000 Renesas Cee eeises eee: 64 
Mitchell: Dis- 305000 iN+2 7:0 | Seep ssa ee aca eeeue. 27 

trict 1 
Smitheewse es) ANS 000| i SOO jy | peters eeictoce el emai. 300 
Stonewall....... BOROOO Py AO! ie eee a ee ees eee e 40 
Taylor: District 150, 000)......-. 35 Diets | Creer 40 

1 
Waller: S50 57 25,000! 23 DE epee es elle! 25 
Williamson...... 300, 000)........ US OR liao e ceca] sce e 150 

Wairginiages. 2... Amherst........ 2154000 |Baeeeeee 1.5 30 SOR seen 32 
Culpeper:  Ca- 12000082 22 320n eee B10) cain Meee 30 

talpa. 
Dickenson: 
Clintwood..... 54, 000 CMelell eas are (pe eae 14 
Kenady....... 32000 |e NS evans Bole eS 16 

Dinwiddie. ..... TOSS 000|/Ke aie es LDS ales | 81S ayy: 125 
NGL AES oe AAOVOOO soso 2 =| Saree as lapeoG mea cs ccee 84 | Includes 48 miles 

of graded road. 
Montgomery. -.. 308000) St ai2 ssa Sime leita gee 8 
INelsonet es 225: 305000] Sees | Sea Meinl |eteaate 7 
Norfolk. ........ 2008000 | eee Sale acres SO eae 30 | Proceeds of issue 

to build 3 toll 
roads and 8 toll 
bridges. 

Oranges 3 YHOO) es re Beall amals 30 
Rappahannock: 30000 |ges2 . 2d Sena 3B ao sacs 7.5 

Wakefield. 
Rockingham: SOXOOO |e ys. Ss eee Suig lian ee 5 | Mileage built 

Plains. with proceeds 
of bond issue 
and joint 
county and 
State funds. 

Spotsylvania...) 100,000)........ ADE SM Beco a ersten ts 41.8 
Warren: Dis- 60} 000|-2-2 2-22 14 NG ea Sees 3 16 

trict 2. 
WhiSOe eee sees O60h 00022 oo eee ARID Is oper 131 | Includes 82.8 

| miles earth 
graded. 

West Virginia..| Marion: | 
Fairmont..... 400, 000 22 \e oncrete and 
Mannington...) 300,000 19 brick. 

Wisconsin......| Florence........ 38, 000 22.8 
NVSIEICE SE Seiya Une 60, 000 30 

Fc a eee | 

Mo talieean ees seer h a 2523 63, 932, 720/3, 006. 4315, 030. 62|3, 497. 76|771. 16] 1 13,825.28 

1Tn this total there are included the following: Ae 
iles 

BGM OMS! CONCKELESPA VEIN OM tera se. OSes alee ieee ete oe eerie aie Sete enie ne aioe stale abe se ciece 1 
Concretel(exclusiverof: (West Virginia) ...222...22.2222225202)..22 i262... 2.2 FN oe eee nets 152. 45 
Chenterayelli(86milesiof this,in' course of construction)... 9) 2.22222 22e0)222-222-22-2--+ 22 - ee 41 
Brick (exclusive of West Virginia) 256. 96 i 
VOCE v8 ce aie Gn Ea A le eg IE 9 rg OR Ge TA pn De Scena 25 j 
FSP sr crest ley Sas eps le Ne a TE 57 
Disintegratedteranite; surfaced ss). els yy eles ON Tapas Ua ai cee Ly ise Whale me) pe OU eh re 406 4 

DeVere eee oe ee leicic ai sta bac ere ae te ne ee ere ene ao Mek Bee edo 25 
WWE 6 Sts CERES SOE OSSETIA RE ae rey eet ce Fe LF CSS Re PSU 15 
CGAY UN 5 he 2 ee 0 A eB a AR ee A 2.6 
JEN Wate oc Sess a el a MS RGR oer 410) 7 RO Na gE: a aS dO 22 
Grade dsr os dee eis Bie Bel SACs Es Rm area SOE A Od eds ge Satna ae eile oa) 287.8 
VOAdeIOtISpeC Live clavate © spas eek Gira Seam Or ede Gln ee SOTA I yl ECR Es Ta [ee a a 62.5 
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TABLE 26.—Townships and towns ' giving complete mileage returns of roads built from 
proceeds of bonds. 

Miles of road built and planned. 
Total 

amount 
State. Counties and townships. voted to Bitu- 

Jan) | Sat | Gravel MAO |raINOUS) cota 
adam 

MlinGis=ese-. ee. Carrols Wiys0koc aoce2sc- en sonfee $38 7500) Serco ss |caciciens i Sa et 15 
Iheé:, Ashton 22.22.5522 csessccse VAST O00 eee Opel eer ee a eee 12 

Indiana.........} Bartholomew: 
Le ROG Kae ee ee eee ee ee 55,500 |.------- 18 5s | | eaektias | eee 18.5 
eya it: ee en See ie airy Soe meta 2 ese eee [tne Lymn dens 8 ag 7, 

Sea Sugar Ridge. ..5.c..5- 2 <8 545; 726) |o 2 Sescce Sd) eee eee 343 
aviess: 
IGEN aan oon ast oe aoe 217000 |se-2-- == Or. | |Sascioaaelleeeee sas 5 

- eee eee cael ee = eee 9131988! S22 -=- = 2952.62) soe seeealeeeeeae 295. 62 
yibson: 

Centerics cotss0ces02-Cncecees AS A604 |eeseness leeaaccce UB eee Allee a 
JOHNSON. Soc oct a secs eerie GOR OO Oa etree aaa | Sreeetee Mey | ema anets 16 
Momigomery --eeea- aes sceeee UU 020) \eeeretea| sine b 2 Dey Ee eee 41 
We Das Ss eee cee een eerste 210008) eee -a= = 0:05 ||5ce. oss | aeeeees 6.5 
WWiRTGG RVer ot crsicici- aici Bh S80 Ms ies’ serie acres 22) ei aes 22 

Hamilton: 
Hallarcekessemaa qn ® gece erm 2b O10 |e sees c= 20) . oseeste Je aes 20 
Washington 2.6. s.225-s25ee2 65, 69) |ease ee So: [Ss <c6Gy. al Beare 35 
Wihitewtiverceeesec4s2osmeees BO“OSDr eee O08 cies eae eee 50 

Eferirys Hramiclinis -oe2-2<rcsec eae 145 000)|2.264-4 Of Ree eaee lees 6 
Huntington: Jackson.......-.... G2; A201 |en ee- = 8 2 ae eee 11 
Knox: \Vinceln 682 ne 3. sseise/ieine TS80;800) loses - = 90% | seaseeeuleeseeee 90 
Madison: Fall Creek...........-. 65247) | ease ces DEO ti seneces eee 2.5 
Marshall; Bourbon..-..2.:.<2:.-- 28 500s os2seo-=|aseeeeies Ge Renee 8.5 
Shelbys Shelby: .2...555:2.<2.. 126/097 |-cccmin Seay || Fae eee aa eee toe 33.5 
Wayne: 
Pranelin and New Garden..... TRL) | ate araeerte 2 , |sesedeceleoeeeeas 2 
(Ciifclcit Cen e ee ear ne Aer IPSN) ogee esc] Baeteecr VD Waeaecces 2.5 

Massachusetts..| Franklin: Gill............--.2..-. 4-500 |e seacion 2590 || cent cee Gone 2.5 
Michigan. ...... Baraga: Covington,....--........ 18;,000)|2s2e- 22 8 yal Gl Peer eae 10 

Berriens WinGOl=sce22- ase eso a: 20) 000)| 2222-2 2.5 See epee ae 5.5 
GlarereReodInos tecesteeee- 4 3) 000)\ioess=== 2) 7yi leet | een 2 
Delta: : | 

Mond River, jose atta eae es ex 3)000) |) 520. 25=|-- 6-52. 1 eee 1 
Wheelie 5-2 Pt. ee Goes nee 103000) |e se- oc) encore B00 |enceee ce 3.5 

Gogebic: Marenisco...........-.- 20; 000i 2ee- <2 : PRES Recre i 8 
Malke: Wllworthi.c.:acs--3220-0% 5 6; 000) | eee nace = 3. |esgeegec|Seeeeee 3 
Monroe: Bedford......-..-.....-.- 8950007 @aacecalee mete Ade > | See ee 11 
Oceana? art Joo. occa: sae see CCE Ih Pear (Ghee ee Ossi Geers soe 7.85 
Osceola: Osceola........2-.+-.-.- 25,000 7a ec tive ReRe rea eo acce. 28 
Schoolcraft: Mueller.,.:....2..::- 6,000 6) foees seen /t eb dl este. 6 
Wexford: Henderson............. S000: nesses = ee | ee 1 

Minnesota... ..- Cook: 
WOlvallee oe sncnss= Ga saere otra 12,000 UY Reece Peres meee a 15 

ieee Eee een eae ae 15,000 10} 9-2) [Lec eSse | eee 12 
asca: 
IBS SOT scree ee eee ener 20, 000 UG) enn |S ee sae eee 17 
Marcell’ ose 2602 oe ens eee ee 10,000 5 5 eee eee 8 
Prout VakG, vo. 2sestees es es re 8, 500 10° | 2.2 ence [ee tase eae 10 

Rosedus Spruce: -..22-.--225.<.25 5,000 2 27 sees 5 3|Soecceee a 
New Jersey..... Burlington: Pemberton........-. TOfG0 0: Bea pO eae eae noe ee car 3 

Cape May: Lower.......-.....-.. peO0003 |: stesee 5 I ees eel RS, 3 
New York...... Chemung: Big Flats.............. 40, 645 | d.2ccec|Gssscee- TN Fae 8 

Wulton:(Caroga.t.522.2e225-55.6.2 BD; 000)|eeeese—= ii 4.5 2 7 
Westchester: 

DCALSOBIO Tian e ence esse see eee P47, 350% |e eceaeas| Peas ccte 13 7 20 
White Plains..2-. 2222-5222 -- F1S9(0 0) pees lees 17 6 23 

Olio tews eae tae Ashland: Montgomery........... OS%000) neces BO 1) be ane ose | oe 33 
belmont: Wonkeesscecos252 2). B2 000) ens sonal reece ner Bien Bebeocce 5 
paewlory, Whetstone.........-.. 250,000 |..-.-.-- 180" 2 jsscceh col secesee 130 

uron: 
yee Ses OPre eae ener ree AGO 0 ieaesme a\| tei oe i oD ees 10 ie 
HOrMan feo. cee = eee caescee 0S O00 emeecce emeeeretee B20 (eesti E 

Lorain; Columbia l-- <2 =. a45...-.- 240001 |e a sescea| ess .5- GO. 2 jlSeecsiace 6 
Mahoning: 
Welt hatslhn Booey yee een TTS 000: [etree selec tote aaeeeaets | eee 312.5 
Sith eee ee ee eee ee TUOTOM{SL0(0}| Rome ea Rema S| Py Sal 35 
Sjeiaiceaits le aan Senne 8 she aee 90000) |i: ssc] o-eeeo-e 1 [eeatees 47.33 

Medina: Medina.........-...-.-- 127, 500 Cl area 14 Nemeneees 55 
Ottawa: Catawha.............-.- 20,000 5 |r 4 Sige sists Mataeae = 9 

Tn New York and the New England States the town is synonymous with township, 
2 Concrete road, 2.25 miles. 
3 Brick roads. 
4 Brick road, 6.33 miles, 
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Tasie 26.—Townships and towns giving complete mileage returns of roads built from 
proceeds of bonds—Continued. 

Miles of road built and planned. 
Total 

amount | 
State. Counties and townships. vole? to Aas ee Bitu- 

an. 1 and- ac- | minous 
1914. clay. Gravel. adam. | mac- Total. 

adam. 

Ohio (contd.) ..} Richland: Weller..........-.---- S425000) | Re eene|sreiseicels QM eevee 9 
Seneca: Bloomes 2 22. oe eee 2ROO OM ee ateicrare|| sais iarciste || Ssisinaisiets |[sienetoes 14 
Trumbull: Liberty...-..--.------ TOOROOOY Pesan assoc ce tela onee cmt [eee 19 

Pennsylvania...| Montgomery: 
ILOTSW aM eee cece sees ea eeee ALOU ensodee sapbecee Oxbik) Meee nod: 6.5 
Wrioreestere 2: a2 cen see nec eee 220000) Paynes alain <a =) Ge au Seaee sets 5 

Warren: South West...........-- 20,000 a feveretetatolete DQ) SEN RHR sey 6 
Wisconsin .-...-- La Crosse: Onalaska.....-...---- I10003| 5 72 -)-12 LORE Pretet aes crest estate 10 

Sauk eltom ayes sel eee 16400 0) Pee see ese CO nema 4 

To Gales ap nt eas Ge brs op eke 4, 623, 625 117 |1,153.87 | 277.35 15 21, 602. 30 

1 Brick roads. 
2J—n this total there are included 2.25 miles of concrete road and 36.83 miles of brick road; total, 39.08 

miles. 

TaBLE 27.—Summary of all highway and bridge bonds voted to Jan. 1, 1914. 

i 

State. 

Arkansas 
(Challiiitoyerot bah a5 Si ee Se a ra ea IC een nN by 

TM Reel Ea a ec Oe 
Massachusetts 
MICH Came eeeamnms Aten ton a Bs a ae aoe Nl eee ee 
MUTI ESOP RAE atari oe cise cola lose nate cisiewiiets te oe oes 
IMUISSISSIpD jo Tamme) waynes aioe mio) Lai Ua Saber 
Missouri 

New Hampshire.........-...-... bet eee ees cise Sa ee 
ING LUGS ENV SS LS AS ea ae ee ag 
New Mexico 

OTC Orman SMG A le rs Lea Pg Ue ee op a eisai ape se 
Benn syyilyamiaes seek eee he A ee oy Sap ee ee 
Rhode Island 

AWWSStANHr cinta unnee Heil iy SUE WA BLN Ret ey ILL 
Wisconsin 

County z 
State bonds. | and district powsniD 

bonds. aXe 

epi Sea eae Sos 21 OO Met ae sees 
ON Sa ee ea ana as S08 5000) baa seee eae ae 
Ee Ne esa ies 121 SSIS: ace ee 

$18, 000, 000 15% G30R800s| ayers cee 
Baal ls Seale IBY (NOs eae ee a oe 

105500} 000) |e see ees $576, 500 
otae GaGaaee AF O9DSO0ON Same aces 
BA eae Ml Rees e284 000) |e ieee caer 
BUEN ber acto PAL 7O000) ese eee 

505, 000 WD 2183 7h acscetee cine 
SLD, Ae aed 420,320 | 1,618,634 
i (cea Sa eee 18,072,049 | 35,837,348 
ps ale Setorera mee See AN OOGHSU4 | este see ete 
Py ee aa SO 1, 1382, 375 677, 065 
Sea ean erate oe POOR fail weer st ee 
Fecteau hia TAQSOERAy |e aneen Oye 

23 000h000) ase see 78, 000 
9, 170, 000 1005003 psn ee eee 

14, 365, 000 813, 000 650, 473 
ae el apache foe ate 6, 382, 152 1, 926, 135 
PAG Aa epeerers 1, 388, 350 982, 805 
ale hie Ae SHLOVS 2 ease eee 
Seth ar ee erie 1, 721,500 65, 000 
Be ele yore Wea 25239. G06 peo ee noes 
SS ea eee 553, 500 246, 170 
Lhe Oa BRO B EEE L7DROOOn| ESE e eee see 

SOO OOOM ae nc ascents 40, 000 
Beat aoe Mle 14, 386, 782 760, 600 

500, 000 2465008 | Sees seca 
100, 000, 000 9, 097, 923 2,631, 165 

Seed VS Ses 5, 541, 273 2,751, 300 
Lye Ae Pe a aed 632000 R Ee eeeee eae 
OF ep aS Pee NES 35, 241,828 5, 283, 805 
De Pa Sects 1, 440, 000 382, 288 
a ae een tes 21505000 Glace eee etter 
Hee ees 24, 839, 050 2,333, 609 

PF SOOSO0O8 | Patecceeteseeere 265, 000 
MER SSN halciercra Sie 4105000) |aso5 6 eae 
RAE SBS lee 77,300 3,500 
{Veh ate Ro eet as 256749298 Se ecexee cess 
PASS ed eee teens 24% 9605 83th laces eee see 

260, 000 A440 50 On Races Sacer se 
Ia ae TE ren ite been pea Nae D 17, 321 
ne fefeiavar sy Ne 65,632"400)| peewee oaecae 

190,000 ATAQS82623|Bansccceeeere 
Nd IEG SVG. Ae 2000S 000M Rese ss heels. 
SIE SOs LRA AL BU SE 244,000 27,000 

158,590, 000 57, 153, 718 229, 403, 355 



APPENDIX C. 

TABLE SHOWING COST ELEMENTS OF GRAVEL, MACADAM, AND BITUMINOUS 
MACADAM ROADS IN MAINE, MASSACHUSETTS, AND NEW JERSEY. 

TABLE 28.1—Table showing cost elements of gravel roads for years 1908-1911. 

| Percentage of | Cost per mile of equiva- 
| cost. lent 20-foot width. 
| 

- : ‘Length| Width Total cost P ih 
No. Location. (feet). | (feet). of work. Cae ea 

| era Surfac- — Surfac-| otal 
ing. Ls ing. OL 

| grad- grad- 
| | ing ing. 

1908. 

1 Camden Mose. ee sense 1,400 26 $1,795.07 | 69.40] 30.62 | $3,612 | $1,596 $5, 208 
PASE POL: MO 2 ese o eae 1,900 25 1,634.00 | 50.00) 50.00 1,816 1,816 3, 632 
So luisboneeMe sos 0 ee es 1,800 | 24 1,703.63 | 52.53 | 47.40] 2,189] 1,975] 4,164 
4 | Presque Isle, Me.........-.. 1,115 | 40 1,526.95 | 46.35| 53.50| 1,676] 1,937| 3,614 
5 | Richmond, Me..........--.. 775 | 36 1,066.91 | 53.90] 46.10] 2,165] 1,858] 4,023 
6 | Rockland; Me. ..-2.---2..-2- 1,250 20 2,382.17 | 70.30] 29.80] 7,078 | 2,987] 10,065 
7 | May’s Landing, N.J......... 73,603 | 16 | 37,416.42] 34.38] 65.62) 1,153] 2,201] 3,355 
Br Red. lO Nia seeecech toes 19,272 12 12,607.26 | 36.64] 63.36] 2,108] 3,648 5, 756 
Dae RuGKAN OG MING Ue saa e neces oats 17,946 14 25,558.10] 54.96 | 45.04] 5,945 4,834 10,780 

10!) Malaga. Nec) 20.0--c2ss.s es 30,307 | 24 | 14,040.13] 29.46] 70.54 600 | 1,436] 2,037 
11) elt sAcreg Ne dics. 2 ee aoe 17, 793 20 9,961.89 | 63.89] 36.11] 1,887] 1,068 2,955 
12 | Barminedale; IN... -225.2-- 15,840 20 9,232.61 | 34.78 | 63.06] 1,070] 1,940 3,010 
13 | Eatontown (ist), N.J.....-.-- 17,160 14 32,439.77 14.01 86. 12 1,980 | 12,285 |. 14, 265 
14 | Bayhead, JINOcd! 252 25~ tsnee 24,662 24 25,950. 75 36. 63 63. 34 1,695 2,950 4,645 
15} lakeburst; Ne dis2.-2ss- 2 oe 33, 448 24 22,955.98 | 55.57] 44.51] 1,677] 1,343 3,020 
16.) Aldine? Ne diets 32 Ses2ascce: 7,001 20 11,110.11 | 56.71 | 43.28] 4,752] 3,625 8,377 

| 

1909. 

L7s|* Pairfield, "M@s.< =:222e-2--2-% 1,819 15 1,165: 35 74.11 | 25.87 3,353 1,166 4,520 
18 | Falmouth, Me.-......--...--- 1,541 21 1,021.12 | 85.51 14.48 | 2,842 480 3, 323 
ihi)a taps ee ii 1,100) 15 1,386.71 | 77.06] 22.94] 6,833} 2,038] 8,872 
20 | Presque Isle, Me............ 1,100 40 1,500.45 | 56.27] 44.39} 2,039] 1,600] 3,639 
21 | Rockland, Me............... 1,600 23 2,366.01 | 62.00] 38.39| 4,201] 2,603] 6,805 
2D | MGarttordy Moses eee ne | 2,425) 22 2,773.71 | 55.22| 44.89] 3,017] 2,454| 5,471 
93 | English Creek, N.J......... 35,481 | 20 | 15,061.12] 38.94] 61.05 873 | 1,368] 2,241 
24 | Chestnut Neck, N.J........ | 2.745| 27.5 | 5,697.15 | 85.44| 14.58| 6,805] 1,161] 7,967 
25 | Schellenger’s Landing, N. J-.-| 11,066 20 12,258.99 | 54.37] 45.62] 3,225] 2,670 5, 895 
564) Goshen, iN} Ju. 2). eo ses 13,743 | 20 | 10,688.66] 35.40] 64.69] 1,451} 2,655] 4,106 
D7 | Packalioe: Nits... a 22,513 | 20 | 24,544.00] 53.10; 46.91] 3,055; 2,700; 5,755 
28 | Rio Grande, N.J.........-.- 115,348 | 20 | 14,556.54] 34.17] 65.83] 1,711 | 3,300] 5,011 
29 | Cranbury, N.J...........--- 12,994 | 20 5,912.88 | 40.37 | 59.63 970 | 1,432] 2,402 
30 | Allentown, N. J...2.:.-2---- 19,668 | 18 | 13,439.93] 36.78] 63.21} 1,474] 2,533] 4,007 
31 | Lakewood, N.J...-......--- 11, 404 14 8,448.00} 36.08] 63.92] 2,014] 3,571 5, 586 
32 | Lakewood, N.J.............| 15,137 | 24-36 | 15,048.63 | 54.32] 45.68{ 1,900] 1,600] 3,500 
Dan LBALMSDOTOs ING Uiee onececan a5 | 17, 476 | 20 12,589.80 { 41.15] 65.99 1,565 | 2,510 4,075 
34 | Alloway, N.J..........---.- 25,132! 20 | 21,100.29] 55.56! 44.44] 2,462! 1,970] 4,432 

1910. | 

Obs) cATIOUSI Oy Gea se secs cee oe 3,500 21 2,727.64 | 13.49] 46.78 529 | 1,833 2,362 
36 | Bridgton, Me................ 2,500 Ley 1,657.69 | 71.04] 28.96 | 3,312] 1,366 4,678 
37 | Camden; Me.) 2:2. 2..-.s..0- 1,300 21 1,883.25 | 21.56] 78.48 1,569 | 5,714 7,283 
BS | sWexter SMG. 2 2-p ee 712 21 1,239.67 | 42.37 57.63 | 3,714} 5,038 85752 
39 | Eastport, Me................ 2:375 | 28 1,128.74 | 56.61] 43.38] 1,575] 1,208| 2,784 
40 | Fairfield, Me........::...... 1,500 22 3, 786. 74 63. 74 36. 27 7,545 4,390 11, 936 
41 | Gorham, Me................. 1, 250 7} 967.70 | 31.50] 68.48] 1,119} 2,434 3,005 
42 | Kennebunk, Me............. 4,996 21 2,435.71 | 13.31} 87.00 427 | 2,023 2,450 
Ag tashons Mes... 5 2.2ccsse<-- | 1,800 24 1,053.02 | 37.65 | 62.35 970 1,605 2,575 
44 | Millinocket, Me............. | 1,500} 30 1,071.32} 29.97] 70.30 756 | 1,760 | 2,516 
Oe) Maloy Mess ot so oS eh) eb 00 21 1,018.30 | 36.99} 63.01 1,214 | 2,150 3, 364 
46 | Mount Desert, Me........-... | 1,030 22 1,370.47 | 85.22] 14.78} 5,456 945 6,401 
47 | Norway, Me. 2200005 se one | 7115] 23 1,028.61 | 90.65] 9.40] 3,836 398 | 4,234 
48°) OTOnO;)(MO.2-.-2 -aceceee toe oe 1,800 25 1,043.20] 68.21 31.80 1,670 779 2,449 
AQ ')) -Pariss. M6: s 2 5c25snccnsecss ne 1, 450 25 1,080.00! 24.06! 75.92 | 756! 2,384 3,140 

1 This table was compiled from the annual reports of the State highway departments of the three 
States concerned. Geographical names given in New Jersey are sometimes not names of places, but of 
roads or streets. 
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HIGHWAY BONDS. 87 

Taste 28.—Table showing cost elements of gravel roads for years 1908-1911—Contd. 

Percentage of | Cost per mile of equiva- 
cost. lent 20-foot width. 

Teocation: Length| Width | Total cost Draine reine 
(feet). | (feet). | of work. age age 

and Bute: and | Surfac- Total. grad- g. grad- | ing. 

ing. ing. 

1910—Continued. 

Presque Isle, Me....--.----- 1,600 21 $1,675.05 | 41.92 | 58.10 | $2,205 | $3,380 | $5,586 
Bocklandy Monee sakes fs 2,000} 24 2,193.74 | 88.16] 11.84] 4,245 570 | 4,815 
Santords Meiers e ieee ess 1,900 26 1,860.29 | 32.15} 67.85) 1,280] 2,700 3,980 
Scarboro, Mes. .: 2-2 200222:- 2,000 21 1,048.13 | 19.11 | 80.89 502 | 2,133 2,636 
Waterville: Mes: 2 2225.25.22. 1,800 29 1,803.05 | 24.70] 75.26 901 | 2,743 3, 644 
Varmouthy Mele ss anie ese 1,360 24 1,738.48 |} 42.49] 54.66] 2,550) 3,075 5,625 
ColopneywNawde = ps-eees ose ree 42,646 20 19,575.36 | 27.38 | 72.62 664 | 1,760 2,424 
ID GHG IN od ein che Heanor 14,509 20 9,773.00 | 34.48} 65.52 | 1,227] 2,333 3, 560 
Redebank Ne diese. assciens 20, 201 18 19,735.21 | 30.24] 69.82] 1,735 | 4,005 5, 741 
Farmingdale, N. J..-.-.----- 10, 032 18 11,427.88} 64.89) 35.11 4,332 | 2,344 6,677 
MAK WOOG. Nida sntsisitareiel- oie 13, 200 14 7,381.65 | 48.91 | 56.09] 1,851] 2,364 4,215 
IBArNSPOLO Ne ec incia-1 <i 126 17,476 20 8,489.80 | 61.02] 38.98] 1,564 999 2,564 

1911. 

Allentown; IN. Jis-tisecseens = 10, 274 18 15,117.98 | 35.61 | 64.39 | 3,082] 5,520 8, 602 
ede Banks IN dis see seine ates 8,184 18 17,262.78 | 17.54 | 80.96 | 2,592] 9,994] 12,586 
Wakewoods (Nid sts oes: 18, 458 14 8,737.53 | 60.55 | 39.52} 2,160] 1,410 3,570 
Walkewoods Ned. 220) 5,174 | 14 3,579.96 | 50.01 | 49.99] 2,610} 2,607] 5,217 
WedarpAwe: oO Niediece ocos soe 13,807 | 16,18 | 22,442.25) 21.70 | 78.30) 2,190} 7,731 9,921 
Seaside Park, N.J........--- 28,395| 24 | 42,347.32 | 35.61] 64.38] 2,337] 4,295] 6,562 
Elmerborough, N. J........- 9,387 | 18,42] 8,048.75 | 23.58 | 76.42 710 | 2,305] 3,016 
Wam@dentMer oi ee 1,000 30 1,588.77 | 42.10 | 57.92) 2,353] 3,233 5, 586 
DexterwiMes 2. is eset 1,400 26 1,105.20} 40.43 | 59.65} 1,293] 1,911 3, 205 
Bastporta Mes. 2-4. nei 1,844] 22 1,175.15 | 59.47] 40.53] 1,818] 1,238] 3,056 
INANE, IMS Rene ee 650| 28 1,549.41 | 60.91] 39.09] 6,652| 4,282] 10,934 
Farmington, Me.....-.....-- 1,350 23 1,225.00 | 52.37} 47.61 | 2,181] 1,982 4, 163 
Mreeport; "Meo. i 2.022225. 900 20 1,440.16 | 34.24] 65.76] 2,892] 5,550 8, 442 
Gorham Mom ss.) sek e 2,050} 23 1,220.39 | 42.33] 57.69 | 1,156] 1,575] 2,732 
Kennebunk, Me............. 4,135.| 21 2,221.16 | 37.98 | 62.00] 1,028] 1,675] 2,703 
MASbonseMe ai. set 22 1,350 21 1,880.97 | 39.65] 55.03 { 2,771] 4,228 7,000 
Millinocket, Me.......--.--- 1, 280 30 1,238.44 | 32.29) 67.72] 1,100] 2,306 3, 407 
iINOnwaya Mewes. 6) 5 et 1,300] 23 1,096.23 | 42.74 | 57.25} 1,655] 2,213] 3,368 
Old#Orehard; Me.....--22-- 1, 200 21 1,019.15 | 43.57] 56.43] 1,860] 2,417 4, 278 
Oromo eer wnt eins 2,316 | 25 1,017.03 | 57.86 | 42.17] 1,648 800; 2,448 
Presque Isle, Me........-.-- 1,600 24 1,390.28 | 41.90] 58.10} 1,599] 2,233 3, 832 
princeton, Me. 25.05) eo. 1,536 24 1,148.25 | 88.67] 11.32] 2,910 371 3, 281 
ROCKPOLt Mie mee Scere In 630 21 1,031.82 | 68.09 | 31.91] 5,600] 2,628 8, 228 
Sanford iMe neers se tee ata 1,800 24 1,565.99 | 12.93 | 87.09 495 | 3,333 3, 829 
Windham, Mel2¢9).) 500). 2,000] 25 940.69 | 63.28] 35.82] 1,284 712 | 1,996 
anmouths Mens. 24) Jess 2s 1, 200 24 1,414.13 | 49.57 |) 50.42) 2,533 |) 2,615 5,148 

Total and weighted av- 
CipEteAs nk te Meet 1143.53. | 20 4,417.00 | 41.15 | 58.85 ]|- 1,817] 2,599] 4,416 

1 Miles, 



88 BULLETIN 136, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 29.1—Table showing cost elements of water-bound macadam roads for years 
1908-1911. 

Percentage of | Cost per mileofe Paes 
cost. lent 15-foot wi 

No. ‘Tmeationa Length) Width | Total cost | Drain- Dene 
(feet). | (feet). | of work. age ar : g 

and cae and ae Total. 
grad- nee grad- g- 
ing. ing. 

1908. 

Py Ameista, Mele 222 neo cease 1,800 21 | $2,556.29 | 44.9 55.1 | $2,410 | $2,950 |} $5,360 
2 Biddeford, IM Gree eres et 1, 800 27 4,067.68 | 48.8 51,2 3,240 | 3,400 6, 640 
3 | Brewer, Me eee ey Sees | 1,300 47 2,198. 44 26.6 73.4 760 | 2: 080 2,840 
4:|( Calais; MG sccccdcicessccsce te 2, 100 21 1,787.05 | 26.9 roel 860 | 2,340 3, 200 
Da RC ATI Ose Mien ie oes 2) oe eee | 670 45 1, 646. 14 25.5 74.5 1,100 | 3,220 4,320 
6 | Farmington, Me..-.--..--.---- / 1,000 16 | 1,207.99 | 14.8 85. 2 880 | 5,090 5, 970 
7 |-Gardiner, Me...2.....-.--.-- 1, 660 21| 1,978.10} 22.4 | 77.6 | 1,000] 3,490| 4,490 
Sle oultony Me. [tao oh- 2 ose 2, 000 21 | 2,033.50 | 21.6 78.4 830 | 3,000 3, 830 
Olas Memes see aces oo ee 1,000 16) 1,140.18! 18:8 || 86:2 730 | 4)860! 5,640 

LO sIeSaGOs Mies 2. oi 5.5. ste cte oe 866 35 1, 898. 45 19.7 80.3 980 | 3,970 4 4950 
11 Sanford, IMIG 5 Sie mee ee seer 2, 400 16 | 2,632. 04 75.6 24.4 4,100 1,320 5, 420 
12 Skowheg chal : ees ancora 1, 900 15 | 2,027.85 | 56.5 43.5 3,180 | 2,450 5, 630. 
13 | South Bartland, MEGA nk Soe | 640 20 1,356.30 | 20.4 79.6 1,710 | 6,670 8) 380 
14>) “Riverdale; Ni Joes. 2 oes sees 26, 240 14 | 33,487.76 | 31.3 68. 7 2,260 | 4,950 ie 210 
15 | Westwood, N.J........----- | 6,260 14| 8,225.83] 20.2 | 79.8 | 1,500| 5,940] 7,440 
16 |. Franklin, N. 4 ft eon aa or See 8, 400 14 16, 199. 90 59.7 40.3 6, 520 4, 400 10, 920 
V7 | Gumiiit, Nedsss. ss. c.. bee | 9,770 14 | 17}352.93 | 41.2 | 58.8 | 4,140) 5,900| 10,040 
18 Lumberton, NOD eer ect ee ei 2, 060 14 | 31,110.00 5.1 94.9 440 | 8,110 8, 550 
19 | Westfield, N. A eh ee ee 16, 470 14 | 32, 745. 23 19.8 80.2 2,230 | 9,010 ihe 240, 
20 | West Fairfield, N.J........- | 11, 160 16 | 17,494.24 | 12.5 | 87.5 970 | 6,780 | 7,750 
21 | Westville; N. J. ..cb2.2.-5 0. 7, 750 16 | 11,104.20 | 25.0 | 75.0 | 1,780] 5,330| 7,110 
22 |. Harrison Street, N.J....:--- 6, 860 16 | 10,549.60 | 30.5 69.5 2,320 | 5,280 7 600 
QSileWiaLCH UNE IN WW iccee see ot 4) 650 16 | 17,074.76 | 63.3 36.7 | 11,510} 6,670 | 18,180 
24 | High Street, N.J..........-. | 5,240 16 | 10,817.30 | 44.3 | 55.7 | 4,530 | 5,690] 10,220 
25 Whitehouse, ING Wt osec ocstede | 34,190 14 | 52,982.30 | 28.0 72.0 2,460 | 6,310 8, 770 
OG Mira Ni Ui creehen bo. nore | 6,280 14| 9,329.38] 18.6.| 81.4 | 1,560] 6,840] 8,400 
97 | Brunswick, N. J........--...| 19,540 16 | 34,663.66 | 22.6 | 77.4 | 1,980] 6,800] 8,780 
28 | Colonia, N. i Be Oy Cee eS ae 8, 400 14 | 14,444.61 33. 4 66. 6 3, 250 6, 470 9, 720 
99 | Cranbury, N.J.......-...--- 5, 300 14| 7,059.80] 14.6 | 85.4 | 1,100] 6,430] 7,530 
30 ran ee Avenue, N. J. 5, 910 16 | 10,698.87 | 14.0 86.0 1,250) 7,690 8, 940 
31 | Main Street, Woodbridge, N. a 9, 240 14 | 19,271.27 42.1 57.9 4,970 | 6,830 11, 800 
32 | State St., Perth Amboy,N.J. 7,180 14 | 10,995.50 | 27.9 | 72.1 | 2,420| 6,250} 8,670 
33 | River Road CCA EN lee | 8, 760 14 | 17,157.42 | 33.1 66.9 3,660 | 7,410 11, 070 
34 | River Road “B oo N. Teen. each =| 15, 620 14 | 32,805.66 | 39.1 60.9 4, 630 7,220 11, 850 
35 | Jamesburg, No ee ence oe = 15, 100 14 | 24,102.39] 20.4 | 79.6 | 1,840] 7,190]. 9,030 
36 | Manalapan, N.J............- | 1,400 14] 3,616.45) 17.5 | 82.5 | 2,560] 12,060] 14,620 
37 | Rumson Road, N. J.-.......-| 4,010 16 9, 123. 39 19.4 | 80.6 2,180 | 9,070 11, 250 
38 | Eatontown (2d), N. J ....-.-- 17, 480 14 | 25,988.28 | 21.1 78.9 1,780 6, 640 8, 420 
39) | Allentown) Nie Jiascesc.cese2 5 040 18 | 10,664.37 | 13.1 86.9 1,220 | 8,090 9,310 
40 |‘Midvale, N.J_.......--..-.-- | 16, 530 16 | 43,422.05 | 71.9 | 28.1 | 9,350] 3,660] 13,010 
Al Mea COpins Nic tac ose ce oe ete | 9, 820 14 | 20,544.09 | 66.1 33.9 7, 820 4,010 11, 830 
42 | South Bound Brook, N. J. 11, 880 14. |*- 21; 113.73 41.2 | 58.8 4,140 | 5,910 10, 050 
43 | Dead River, N.J./........-- “| 11/190 14 | 18,589.99 | 29.5 | 70.5 | 2,770 | 6,620] 9,390 
44 | North Broad ptreet, JN. Ji. 5, 050 16 | 15, 801. 63 30.1 69.9 4,670 | 10,830 15, 500 
45 | Terrill Road, N.J.........-- | 5,300 16 | 8,054.08} 28.9 | 71.1 | 2,170] 5,350] 7,520 

1909. 

46 | Brewer, Me... 5.222652. 1,575 24 1,486.75 | 12.7 87.3 390 | 2,720 3,110 
47 | Calais, Me OER er Pee 2, 100 21 1,811.65 | 20.4 79.6 660 2,590 3, 250 
48 Camden, DM ie ee es 750 30 1,712.52 | 50.9 49.1 3,070 | 2,960 6, 030 
49 | Caribou, ANG el el ee 533 Sib YLOGs00 2 1836 86.4 610 | 3,840 4, 450 
50 | Dexter, "Me wicucdacessse eet te 675 19 1, 009. 30 55.3 44.7 3, 430 2, 780 6, 210 
51 | Eden, Me EA ete tame meres Soret 1, 100 24 3,012.18 | 50.7 49.3 4,580 | 4,450 9, 030 
52'| Gardiner, Me. ....-.2..-2-. 4 1, 200 21 3,038.32 | 26.3 load 2,510 | 7,030 9, 540 
53°} Houlton, Me.....2.22.2s5...2 1, 500 21); 2,499.73 | 50.5 49.5 3,170 | 3,100 6, 270 
54 | Rumford, Me................ 6, 831 20} 7,364.80] 32.5 | 67.5 | 1,380] 2,880| 4,260 
DO) | Sa COM MLO set oe ook nn. eee ee 775 35 | 2,060. 80 14.6 85.4 880 | 5,150 6, 030 
56 Skowhegan, Meee. cee .ce8 1, 550 15 2,134. 85 48. 2 51.8 3, 500 3, 760 7,260 
57 | South Portland, Mes. 208-55 525 25 1, 420. 34 aR HY) 86.3 1,190 | 7,370 8, 560 
58° | Waterville. Me... 2.32 .-2 1,300 40 | 2,726.40 8.5 91.5 350 | 3,800 4,150 
59 | Yesler Way, N.J....-.....-. 14, 020 14 | 18,850.72 | 32.9 67.1 2,500 | 5,100 7,600 
60 | Valley Road, N. J. pera ciacaeo es 16, 530 14 15, 409.85 | 25.4 74.6 1,340 | 3,940 5, ” 980 
61 | Bridge Street, Neco st ee 700 16 2 374 79 | 36.5 63.5 6,140 | 10,720 16, 860 
62 Whitehouse, N. 7 ee 30, 980 14 | 42,934.46 41.0 59. 0 3,210 4, 630 7,840 
63 | North Crosswicks, Nese 1,160 16 | 2,354.95 iA) 89.0 1,100 | 8,980 10, 030 
64 | Cheesequakes Creek, Ne Jie 10, 400 14 | 33,366.90 | 57.0 43.0 10,340 | 7,810} 18,150 
65 | Jamesburg, N. J......-..-..- 6, 970 14 | 10,782. 65 Shi) 90.1 860 | 7,890 8, 750 

1 See footnote 1, Table 28, p. 86. 
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TaBLE 29.1—Table showing cost elements of water-bound macadam roads for years 
1908-1911—Continued. 

Percentage of | Cost per mile of equiva- 
cost. lent 15-foot width. 

fiocation: Length} Width | Total cost Dein rains 
f (feet). | (feet). | of work. age age 

and See and Sage Total. 
grad- 8- | grad- g 

| ing. ing. 

1909—Continued. | 
| 

IKG\ OOH IN EG daeboccsSeepesoe 6, 340 | 16 |$16, 850.21 | 53.7 46.3 | $7,070 | $6,100 | $13,170 
PRenn’s/Grove,N.J..-------- ) 15, 950 16 | 26,599.42 | 20.5 79.5 1,690 | 6,560 8, 250 
Aterantll (1b) IN ed on aGAsetacaone 620 14] 1,014.17] 21.8 78.2 2,010 | 7,200 9, 210 
Green Brook, N. J....-..---- | 6,120 14 | 12,469.55 | 43.8 56. 2 5,050 | 6,470 | 11,520 
Washington Valley, N.J...-. 10,940 14 | 26,714.22 | 60.4 | 39.6 | 8,510] 5,570] 14,080 
Mramkctordy Ne wiicnc 222-6. 18, 240 14 | 34,747.92 | 47.7 52.3 5,140 | 5,640 | 10,780 
(MOTTIS AN i0ie ete dass oe | 6,180 16 | 11,210.09 | 50.1 49.9 4,500 | 4,480 8, 980 
New Brunswick, N.J....---| 3,960 16 | 10,246.74 | 46.7 53.3 5,980 | 6,830 | 12,810 

| 

1910. | 

PANT STISL A IMIG Uses arte Arce a | 585 21 831. 12 4.4 95.6 240 | 5,110 5, 350 
BathweMGz eens. secciecc ccs e: | 1,680 20 | 2,370.50 | 31.5 68.5 1,760 | 3,830 5, 590 
Biddeford Mert eee sete. as. 1, 324 21 | 2,625.50 | 18.9 81.1 1,410 | 6,070 7, 480 
IBTO WED MGs Uae es oes | 1,500 40 | 1,996.84 | 39.9 60.1 1,050 | 1,590 2, 640 
Calais, TKS 1,400 21 | 1,625.53 | 39.9 60.1 1,740 | 2,630 4,370 
Caribou Mier eee eee 773 27 | 2,234.00 |. 44.9 55.1 3,810 | 4,670 8, 480 
TDG) A Cy ae 455 36 | 1,222.56 | 23.8 | 76.2 | 1,410] 4,500] 5,910 
Fort Fairfield, Mie Sts joes i 832 32 | 1,487.00) 49.7 50. 3 2,200 | 2,220 4, 420 
Hreeport,, Me e222 225200220. 700 21 | 1,230.74 | 33.9 66.1 2,250 | 4,380 6, 630 
Hallowell, Me... -..-.-.----- 437 39 | 1,240.90 | 17.2 82.8 990 | 4,770 5, 760 
Houlton Me 68) is 22213) | 1,400 22 | 2,252.00] 33.4 | 66.6 | 1,930] 3,850] 5,780 
Ue iG eRe Seeeee aSieesasaal 1, 150 21 | 1,235.56 | 19.0 81.0 770 | 3,280 4, 050 
Oldtown Mere ee ee ee | 1,005 21] 1,821.93 | 32.6 67.4 2,230 | 4,600 6, 830 
Rumford Melee = 2 ee | 4,320 23 | 6,227.56 | 25.6 74.4 1,270 | 3,690 4, 960 
Benwack. Mes ers cites icissiars el | 800 21 | 1,016.94 | 27.0 73.0 1,300 | 3,500 4,800 

1911. | 

Brunswick, Me 21 | 1,836.82] 25.7 74.3 1,370 | 3,950 5, 320 
CaribousiMer Sess ccc ca 46; 1,406.24 | 30.4 69.6 2,210 | 5,060 7,270 
Hallowell, Me.....-..---- a 20} 1,080.00] 19.2 80.8 1,640 | 6,910 8, 550 
Moulton Mele eee | 21 | 2,667.10] 21.5 | 78.5 | 1,270] 4,640! 5,910 
OlditowmsMen sees -2 2-522 -- 22 | 1,829.07} 42.9 57.1 3,530 | 4, 700 8, 230 
Rumford; Mest. = 22... 2 23 | 2,604.47 | 18.5 81.5 1,480 | 6,500 7,980 
AVWilltomM Monee tecsse- seas. Jee 21} 1,311.21 | 28.7 71.3 1,180 | 2,920 4,100 

1910. 

IRAN OCS INEM) sane stesso ee | 21,550 14 | 36,425.67 | 31.6 68. 4 3,020 | 6,540 9, 560 
AS OIE; ING Ugeoenacue secaeee | 5,280 14 | 7,500.00 | 34.4 65.6 2,770 | 5,270 8, 040 
MainStreet Ned. 222002227 | 68, 800 14 | 15,810.67 | 43.2 56.8 5,620 | 7,380 | 13,000 
mramictord News ccc oo. sees 18, 250 14 | 34,747.92 | 47.7 52.3 5,140 | 5,630 | 10,770 

1911. | 

Smalley’s Corner, N. J....... 16, 860 15 | 22,759.49 | 24.1 75.9 1,890 | 5,960 7, 850 
Brunswick, N.J.-.....2..--- 5, 340 16 | 10,450.65 | 15.4 84.6 1,490 | 8,200 9, 690 
MardvillewNe de es sone: 18, 000 14 | 32,396.84 | 15.5 | 84.5 160 860 | 1,020 
Greater Cross Roads, N.J....| 10,470 14 | 20,633.71 | 29.6 70. 4 3,300 | 7,850] 11,150 
IB UTiZVvalleyiNe mess note see 19, 420 14 | 31,371.99 | 37.6 62. 4 3,430 | 5,700 9, 130 

Total and weighted | | | 
AVELALESS eases 2137. 51 | 15 | 8,688.00 | 36.89 | 63.11 | 3,400] 5,815 9,215 

1See footnote 1, Table 28, p. 86. 2 Miles 
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TaBLE 30.!—Table showing cost elements of bituminous-macadam roads for 1908-1911 

Percentage of | Cost per mile of equiva- 
cost. lent 15-foot width. 

s . Length | Width | Total cost or : 
No. Location. (feet). | (eet). | ofwork. Pea pa 

and ee and | Surfac- Total. 
grad- | 78: | graq- | M™8- 
ing. ing. 

1908. 

1 | Kennebunk, Me...........-. 426 27 | $1,597.30 | 25.3 74.7 | $2,780 | $8,220 | $11,000 
2 Waterville; Mei? 22s22:s.ca-s 760 46] 3,565.18 | 11.5 88. 5 930 | 7,150 8, 080 

1909. | 
i 

3 | Camden, N.J......-.-.-.---| 12, 693 14 | 29,043.42 | 28.3 | 71.7 3,660 | 9,290} 12,950 
4 | Evesham, N.J.3...........-- | 12, 838 14 }) 22,649.61} 20.8 ) 79.2 | 2,080; 7,910] 9,990 
6 | Hopewell, N. J:25.--.22:--222 | 10,720 18 | 16,121.40} 21.0 79.0 1,390 | 5, 230 6, 620 
6 | Trenton, N.J.............-- Naigs22% 16 | 24,509.44] 20.3 | 79.7 | 1,870] 7,320] 9,190 
Ué Helmetta, NGS toe ee ee | 14, 271 14 | 21,375.59 | 11.3 88. 7 960 7,510 8, 470 
§ Plainsboro, INGA eee toe ee | 12,992 14 | 21, 596. 57 13.7 86.3 1,290 | 8,100 9, 390 
9 | Terrill, N. J biepee aries saree | 9,982 16 | 26,404.08 | 37.2 62.8 4,870 | 8,230 13. 100 

108} Btvoutswure, Ned sesaeecse sos - | 10,845 14 | 19,741.90 | 22.0 78.0 2,270 | 8,030 10, 300 
Diy) BodgarvNos: 2522.2 2t ee. seee 17, 526 16 | 42, 424. 74 25.0 75.0 2,990 | 8,990 1 980 
12 | Washington Avenue, N.J .- =| 6, 125 16 | 14,230.20 | 23.4 76.6 2,690 | 8,810 | 11,500 
13. Walnut Avenue, N.J.....-.| 6,313 16 | 15, 868. 00 19.7 80.3 2,450 | 9,990 | 12,440 

| 

1910. | 

14%) Belfast, Me.45- 3. 55222 esees oe | 580 ai} 1,990758. | 4857 56.3 5,670 | 7,310} 12,980 
15 | Coffin’ 8 Corners No Jee css222- | 11, 866 14 | 25, 188. 87 14.8 85. 2 1, 780 10, 220 | 12,000 
16 | Nicholson, N. J fod cet sotieasell 6, 532 14 | 13, 168. 82 14.6 85. 4 1, 660 9, 740 | 11,400 
17 | Brown’s Corner, Nee. soe) 8: 60 14 | 20,468.00 | 24.3 75.7 3,270 | 10,180 | 13,450 
18 | Runnymeade, N. Ji Secstes Ses | 8,984 16 | 19,408.76 | 30.9 oR 3,310 e 390 | 10, 700 
19 Mountain, N. J scGn dessa ctisse 325 16 561. 00 5.0 95.0 430 | 8,190 8, 620 
20 | River Road, N.J.......-.--.) 6, 458 16 | 13,705.67 | 13.7 | 86.3 | 1,440] 9,070 510 
21 | Kingston, N.J.....-...-..--- | 3,805 14| 6,555.88] 17.9 | 82.1 | 1,740] 8,000] 9,740 
22 | Somerset Street, N.J........| 2,040 14 4,252. 27 45.5 54.5 5,380 | 6,440} 11,820 
23 | Seventh Street, N. J......... 8, 700 14 | 15,213.40 | 14.4 | 85.6 | 1,390] 8,290] 9,680 
24°) Morris Plains, Noy. c...2.ce<s 13, 718 14 | 33,176.53 | 26.9 | 73.1 3,680 | 9,990 | 13,670 
25 | Gladstone, Nod ssc .2-22-2._ 6 DAaod 14 | 42,979.47 | 27.3 | 72.7 3,130] 8,320] 11,450 
26) | Eompton, Nedicecccs-.s ness 15, 516 14 | 18,930.85 | 29.2 70.8 2,020} 4,890 6,910 
27 Vauinion® (Neil a2 ees ace e oe | 4,164 14 | 12,251.98 8.1 91.9 1,350 | 15,290 | 16, 640 
237 Warrenwille, IN dE sons face 3, 600 14 8,310.13 | 48.8 51.2 6,370 | 6,690 | 13,060 
QOa rar kel Ord IN Ne eae eee cela 17, 309 14 | 25,313. 87 | . 37.6 62.4 3,110] 5,170 8, 280 
30:'| Raritan, N.J...........----- 13, 013 16 | 40,820.75 | 28.1 | 71.9 | 4,360] 11,170] 15,530 
31 | Washington Avenue, N. J.--| 1,300 16 | 3,272.00 | 29.4 70.6 3,670 | 8,810] 12,480 
32:| Beattystown, N.J......-.--- 45,341 14 | 73,580.20 | 40.1 59.9 3, 680 5, 500 9, 180 

1911. 

S23. ETUNS WICKES Mga eceas 2 see 640 21 1,461.37) 11.2 88.8 970 | 7,660 8, 630 
34 | East Livermore, Me........- 750 26 1, 621.35 14.1 85.9 930 | 5,650 6, 580 
Obi MaCOmMOs ens a nee oe ee 580 28 | 1,925.00] 34.4 | 65.6 | 3,230] 6,160] 9,390 
36s Chapelu Nese cee eee oe 4,515 14 | 12,681. 75 28. 1 71.9 | 4,470 | 11, 450 15, 920 
37:)| allroad ANd 2222 occcece2 859 30 | 4,587. 51 9.6 90. 4 1,350 | 12,720 | 14,070 
38 Swedesboro, Niet cesses 18, 115 16 | 45,633.30 | 10.4 89.6 T3000) LEO 12) 470 
39 | Rocky Hill, N. ae eee ee 4, 200 14 | 8,744.39 | 35.4 64.6 4,170 re 600 1 770 
40 | Springfield, PNG een. cen 8, 362 16 | 26,965.52 | 23.4 76.6 3, 730 12) 230 15, 960 
41 | Agawam, Mass.?.......------ 4,720 15 9,726.00 | 29.3 70.7 3, 188 7 692 10, 880 
42 | Chester, Mass.2. occ cccen oes o 8, 000 15 | 14,996.00 | 42.9 57.1 4,246 5, 652 9, 898 
43 Franklin, Mass.s. 2 iste eesae | 6,360 15 | 5,547.00] 39.4 60. 6 1,814 | 2,791 4, 605 
44\ Holliston, Mass: 5: 2...cs2--- | 9,800 15 | 10,796.00 | 46.2 53.8 2,687 |: 3,130 5, 817 
45 | Ipswich, Mass. Pie nes Sener | 4,860 15 | 5,683.00 | 34.2 65.8 2,112 | 4,062 6, 174 
46 Toredilie Mass.22 Gress fe | 10, 250 15 | 14,492.00 | 39.0 61.0 2,911 | 4,554 7,465 
47 Lanesborough, Mass.?......-.-| 9. 070 15 | 13,080.00 | 46.7 53.3 3,556 | 4,059 7,615 
48 | Milford Mass.?. sis ace eae se 6, 210 15 | 11,804.00 | 50.7 49.3 5,089 | 4,948] 10,037 
49 Plainville, Maggi on cosas = ee | 2,570 15 | 5,058.00 | 37.5 | 62.5 3,893 | 6,489 | 10,382 
50 | Seekonk, Mass.2..........--- | 7,920 15 | 5,552.00} 16.6 | 83.4 615 | 3,088] 3,703 
51 | Tyngsborough, Mass ...-.---. 4, 250 15 | 8,301.00} 30.5 | 69.5 3) 1464 of 1601 LOSet2 
52 | Wilmington, Mass........--- 5, 790 15 | 10,570.00 | 20.2 79.8 1,947 | 7,692 9) 639 
ists Te HAP meee GOs. oe aaa oeteeee- 7,450 15 | 11,517.00 | 24.9 heal 2,032 | 6,130 8, 162 

Total and welghited av- | 
OVASZCS 6 is ieeee seers see 6 84.63 | 15 | 10,267.00 | 26.85 73.15 | 2,765 | 7,533 | 10,298 

1 See footnote 1, Table 28, p. 86. 
2 Bituminous surface coat. 
3 Bituminous pavement on 2,022 square yards. 
4 Bituminous-macadam surface 62 per cent. 
5 hie inches of gravel and a bituminous surface coat. 
6 Miles. 
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APPENDIX D. 

THEORY OF INTEREST APPLIED TO BOND CALCULATIONS. 

Introduction.—This appendix presents briefly the application of 
the theory of compound interest to highway bonds. There are six 
important quantities in terms of which the solution of most problems 
can be expressed. If 71s the rate of interest and ” the term of years, 
these quantities are: 

The accumulation of 1 at the end of n years, 7”; 
The accumulation of an annuity of 1 per annum at the end of n 

years, 83); 
The annual sinking fund which will accumulate to 1 at the end of 

nm years, 1/sq; 

The present value of 1 due in 7 years, v"; 
The present value of an annuity of 1 per annum for 7 years, ay; 

and 
The annuity for m years which 1 will purchase, or the annuity 

necessary to discharge a debt of 1 in n years with interest, 1/ay. 
The first three are accumulative functions and the last three are 

discount or present value functions. 
The mathematical formulas for these six quantities are: 

rae caie ee Ee eae 4) r= (1+ %) oe aaa 8 (1+8)"—1 

‘ 1—(1+4é)-" 1 é 
= 4\-n a eee ee ee a i Fal i Gy, 1-a +8)” 

The values of most of these functions are given more or less com- 
pletely in published tables of interest. 

Definitions.—/nterest may be defined as the consideration for the 
use of capital. The capital is called the principal. 

The rate at which a given principal is earning interest requires 
the adoption of some interval as the unit of time, and this is usually 
the year. 

It is clear that interest when received may be added to the principal 
and so in turn earn interest. This process, called compounding, takes 
piace at the end of stated intervals, as every three months, six months, 
or year. 

1 At the end of this appendix, pages 116 to 127, are short tables to seven places for 60 intervals and 

14 interest rates. 
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Mathematical rates.—The effective rate of vnterest is the interest 
- earned by one unit of principal (one dollar) in one unit of time (one 
year) when interest is compounded at the end. of each stated interval. i 

The nominal rate of interest is the total interest earned by one unit lt 
of principal (one dollar) in one unit of time (one year) when interest 

is not compounded at the end of each stated interval. 
It follows that the nominal and effective rates of interest coincide 

only when the stated interval is the unit of time (one year). 
Commercial rate.—In commercial transactions the rate of 

interest is usually quoted as a rate per cent, or per hundred units of 
principal, instead of a rate per unit of principal, as in the above defi- 
nitions. To find the mathematical rate as above defined, divide the 
commercial rate by 100. For example, the mathematical rate cor- 
responding to the commercial rate 6 per cent is 6/100, or .06. The 
mathematical rate is used in the following formulas. 

Relation between effective and nominal rates of interest.— 
In any transaction there is an effective rate of interest 7 and a corre- 
sponding nominal rate of interest 7. This relation can be expressed 
by an algebraic formula which involves the number of stated | 
intervals, m,in one year. At the nominal rate 7, during each stated ) 

interval 1/mth of a year in length, one unit of principal would earn ) 
j/m in interest which, added to the unit, gives an amount 1+7/m. 
If the principal 1 accumulates in the first interval to 1 +7/m, it follows 
by proportion that the principal 1+7/m would accumulate in the 
second interval to (1+7/m)*. In like manner, at the end of the mth 
interval, the accumulation would be (1+7/m)™. The total interest 
earned in the m intervals, or one year, is the difference between the 
accumulation and the original unit of principal, which by definition 
is the effective rate of interest 1. Hence the fundamental formula: 

é=(1+j/m)™"—1 (1) 
or é 

1+é=(1+j/m)™. (2) 
Solving for 7, there results 

J=m|1+o)m— 1). (3) 
The number of times, m, that interest is added, or converted into 

principal each year, is the frequency of conversion. A nominal rate 
of interest, convertible m times a year, is indicated by the sym- 
bol Accor 

Example 1.—The nominal rate of interest 7 on deposits is 3% and interest is added 
to the principal every six months; to find the effective rate 7. 

Here j=.03 and m=2. From formula (1) there results 

i=(1+.03/2)?—1=(1.015)?—1 =.030225. 

The effective rate 3.0225% is thus slightly higher than the corresponding nominal 
rate convertible twice per annum, 

poe 



94 BULLETIN 136, U. S. DEPARTMENT OF AGRICULTURE. 

ixample 2.—The effective rate of interest is 6%; to find the corresponding nominal 

rate when interest is convertible semiannually. 

Here 7 and m are given to find 7; hence from formula (3) there results 

j=2[(1-+.06)2 —1]=2(1.06)? —2=2.059126 —2=.059126. 

It is necessary to extract the square root of 1.06. The final result shows that j= 

5.9126%, and again the nominal rate is smaller than the corresponding effective 

rate. 

Amount of 1 inn years at compound interest.—Let the 

effective rate of interest be 7. At the end of the first year the accu- 
mulation is 1+7. During the second year this principal 1 +7 will be 
increased in the ratio of 1 to 1+72, and will therefore amount at the 

end of the second year to (1+72)(1+7), or (1+72)?. In this way at 

the end of n years the amount is (1 +7)”. 

Let P be the principal and S the amount of P at the end of 
years at compound interest at the effective rate 7. Since 1 amounts 
to (1+7)" in n years, P would amount to P(1+7)". There results, 

therefore, the formula 

S= P(1+4)*”. (4) 
Hence 

P=S/1+4)"=Se", (5) 
where 

v=1/114+%). (6) 

If in the above formulas 1+7 is replaced by (1+7/m)™, to which 
it is equivalent according to formula (2), it follows that 

S= P(14+7j/m)™, (7) 
and 
where P=8/(14+j/m)™ = Sv, (8) 

v=1/(14+j/m). (9) 

These formulas express the relation between P and S in terms of 
the nominal rate 7 and the frequency of conversion m. The values 
to seven places of decimals of (1+72)” and wv” for various rates of 

interest and for 60 intervals or years are given in Tables 31 and 34. 

Example 3.—To find the amount of $12,375 at 3% compound interest in 30 years. 

By formula (4) 

S=(1+.03)?X $12,375 =2.4272625 X $12,375=$30,037.37. 

The value of (1.03)°° was taken from Table 31. 

Example 4.—$12,375 is placed in a bank; to find the amount in 30 years if interest 
is 3% and is compounded semiannually. 

The nominal rate of 3%, convertible twice a year, requires formula (7) with j=.03 

and m=2. Substituting, the result is: 

S=(1+.03/2)?°x $12,375=(1.015) x $12 ,375=2,4432198 x $12,375=$30, 234,85, 
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The discount factor.—Because of the power of money to earn 
interest the value of money depends upon the time to which it is 
referred. Then in order to compare sums of money due at different 
times, they must be referred to the same point in time. 

Formula (5) gives the principal P which will accumulate at the 
effective rate i in n years to the amount S. If S=1 and n=1, 
the formula gives the present value of 1 due in one year. ‘This is 
usually denoted by the symbol v, so that 

v=1/1+7) =A +1)™. 

Similarly v?=1/(1+7)?=(1+72)~? is the present value of 1 due in 

two years, and v”=1/(1+7)"=(1+7)™ is the present value of 1 due 
in n years. 

The symbol v is often called the discount factor, and if it is desired 
to find the value of money n years before the point in time under con- 
sideration, it is necessary only to multiply the quantity by v". The 
factor 1+72, which is frequently denoted by 7, is accumulative in 
character, and formula (4) shows that, to find the value of a quantity 
of money Q, n years after the point in time under consideration, it is 
necessary merely to multiply the quantity by (1 +7)". 

=e a eS n 

Qun=Qatiy Q | Qrn=Q(1+i)n 

| 
t—n t tin 

More generally, when 7 1s the effective rate per interval, the value of Q, 
at a time 7 intervals after the point ¢, is @d +7)"=Qr", and its value 
n intervals before point t is Q1 +7) "=Qv". . 
Annuities-certain.—An annuity is a series of payments made 

at equal intervals during the continuance of a given status. 
The status, or condition of payment of the annuity, may take a 

variety of forms. If the status is a fixed term of years, the annuity 

is an annuity-certain. Thus payments of one hundred dollars a year 

for ten years constitute an annuity-certain. The sum of the pay- 
ments on an annuity in one year, when the payments are of the same 
amount, is the annual rent. 

Payments of twenty-five dollars are made at the end of every month for ten years. 

This is an annuity-certain with an annual rent of three hundred dollars. 

When payments are made at the end of each interval, the annuity- 
certain is said to be wmmediate; when payments are made at the 
beginning of each interval, the annuity-certain is said to be due. 
Amount of an immediate annuity-certain.—The value of an 

annuity at the end of its term is called the amount. The amount of 
an immediate annuity-certain for m years with an annual rent 1, 

4 

4 

iM id 

a a 
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payable at the end of each year, is designated by the symbol sz. To 
find s, each annual payment must be accumulated, at the effective 
rate of interest 7, to the end of the term of the annuity. The first 
payment of 1 accumulates in n—1 years to (1+%7)"~'; the second 

payment of 1, in m—2 years, to (1+%2)"-?; etc. .... ; the 
(n—1)th payment of 1, in 1 year, to (1+7); and the nth payment at 
the end of the term is 1. Adding the separate amounts in reverse 
order, there results 

Sy = 1+ OD +40? + 2. ee ee eee =e lei) 

The sum of this geometric series is 

Ss 
(oe sitet 

n) i @l 0) 

Values of this quantity are given for various rates of interest and 
terms in Table 32. 

Example 5.—To find the accumulation in 47 years of an annual sinking fund of 

1% of $1,000,000, if the fund is credited annually with 3% compound interest. 

This isan application of formula (10) where n=47 and i=.03; since sz7j=100.3965009 
the accumulation will be 

100.3965009 X $10,000=$1 003,965.01. 

The same principles may be applied to find the amount of an 
annuity for nm years with annual rent 1 payable in p equal install- 
ments during each year. The amount of such an annuity is desig- 
nated by the symbol s“, and its value is represented by the follow- 

ing formula: 

(y= ea) et ee 
Siri ~ pl +0)? — 1] (11) 

If 1+7 is replaced by (1+ 7/m)™ in accordance with formula (2), the 
amount of the annuity is then expressed in terms of the nominal rate 
of interest 7 with frequency of conversion m, thus: 

Oe eet | 
(12) 

(p) _ (1 +7j/m) 
mn 

"= pi spy — Ty Ne 
Example 6.—What will be the accumulation in 47 years of an annual sinking fund 

of 1% of $1,000,000, paid in semiannually, if the fund is credited as received with 

3% interest compounded annually? 

This is an application of formula (11) where n=47, p=2, 7=.03, hence 

(1-+.03)47 —1 3.0118950 

and the accumulation will be 101.143954$10,000=$1,011,439.54. 

eas 
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The special case where interest is converted with the same fre- 
‘quency as the payment of annuity imstallments, or when m=p, 
deserves particular mention. Formula (13) then reduces to 

sit) -..0 a Yo Mati oe Srp)’ 
; P JI/P Dee 

where sy) is to be taken at the effective rate 7/p. 

(14) 

Example 7.—What will be the accumulation in 47 years of an annual sinking fund 

of 1% of $1,000,000, paid in semiannually, if the fund is credited with a nominal rate 

of 3% convertible twice a year? 
This is an application of formula (14) where n=47, p=2, and s9q) is taken at 13%; 

hence 
1 §54)X$10,000=$1,017,764.25.1 

Sinking fund which will amount to 1.—An annuity with 
annual rent of 1 will amount in 7 years to sq; it follows that an 
annuity with annual rent of 1/s; will amount in 7 years to 1. The 
quantity 1/s, is the sunking fund which will accumulate to 1 in n 
years. 

Values for this important function 

1 t 
s, (+"-1 

are given for various rates of interest and for terms ranging from 1 
to 60 intervals or years in Table 33. 

Example 8.—To find an annual sinking fund, which, credited with 3% compound 

interest, will accumulate in 50 years to $1,000,000. 

Applying formula (15) where n=50, and i1=.03, there results 1/s39; =.0088655. 

Therefore the required sinking fund is 

0088655 x $1,000,000 =$8, 865.50. 

In like manner 1/s%) is the annual rent of an annuity which, at 

the nominal rate 7 convertible m times a year, will accumulate to 
1 in ” years. The annual rent is payable in p installments during 
each year; hence each installment is equal to 1/ps. The install- 
ments may be regarded as the sinking fund, payable at the end of 
every pth part of a year, which in 7 years will accumulate to 1. 
The amount of each payment to the sinking fund is 

1 = (1+ J/m)mie —1 

ps®~ Ca gjimymr— 1 
When p=1 and m=2, formula (16) gives the value of the annual 

sinking fund which, improved at compound interest semiannually, will 

accumulate in n years to 1. 
The formula simplifies to the following: 

(14+9/2)?—1 j/2 a 1 Ai 

gel oomatiess Ga ee 8D 

(15) 

(16) 

This formula is of considerable practical importance because pay- 
ments to the sinking fund are usually made annually and the fund 

‘ For calculation of sj see Example 22, page 113. 

52448°—15——7 

eT 

———— 
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credited with interest semiannually. Table 6, on page 15, was cal- 
culated by formula (17). 

Example 9.—To find the annual payment which will accumulate in 20 years to 
$100,000 when interest is 35 per cent compounded semiannually. 

Taking n=20 and j=.035 and consulting Tables 32 and 33 with 13 per cent interest 
for values of sy and 1/syj, respectively, there results: 

a 
a] ° w =2.0175 x .0174721=.0352500. 21" sy 

Hence the annual payment to sinking fund is 

0352500 x $100 ,000= $3, 525.00. 

Example 10.—To find the sinking fund, which set aside semiannually and accumu- 

lated as received, with 3% compound interest, will amount in 50 years to $1,000,000. 

Here formula (16) is used with p=2, m=1, 7=.03, n=50, and 

1 (1+.03)2—1 _ 538 = (CEOS ~ 00439999. 

The required sinking fund is therefore 

.00439999 $1,000, 000=$4,399.99. 

In the special case when the frequency of conversion coincides 
with the number of payments per annum, or m=p, the amount of 
each payment to the sinking fund is 

i j/p 1 
(p) ~~ Pa np _ di (18) 

ps®) 14+s/pyrr—1 Srp 

where Ss; is to be taken at rate 7/p. 

Example 11.—To find a sinking fund which, set aside semiannually and credited 

with a nominal rate of 3% convertible twice a year, will accumulate in 30 years to 
$1,000,000. 

Here apply formula (18) by substituting p=2, j=.03, and n=30; this gives 

1 —1 — ojosoa4, 
28) Sia] 

where 1/sg is taken at 14%. Then the sinking fund which would accumulate to 

$1,000,000 is 
.0103934X $1,006,000=31 0,393.40. 

Four important cases of sinking funds are illustrated in the pre- 
ceding examples. They arise from the fact that payments to a 
sinking fund may be annual or semiannual and interest on a sinking 
fund annual or semiannual. Formula (16) covers all of them when 

p and m are properly chosen. The following schedule illustrates 
this fact: 

| the Fees Illus- 
| Ane Sinking-fund Interest on sinking 7 ¢ 
ie P payments. aod fund. ate 

| | 

1 a Annual i Annual 8 
2 |] 1 Annual 2 Semiannual 9 

Weg 2 Semiannual al Annual 10 
| 4 2 Semiannual 2 Semiannual 11 
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In most cases in the illustrative tables in the body of this bulletin, 
for simplicity of presentation, annual payments and annual interest 
are assumed, whereas in practice usually annual payments and semi- 
annual interest are employed. 

Present value of an immediate annuity-certain.—The present 
value of an immediate annuity-certain for m years, with annual rent 
1 payable at the end of each year, is designated by the symbol aj. 
It is equal to the sum of the present values of 1, due at the suc- 
ceeding yearly intervals. By formula (5) the present value of 1, 
due at the end of one year at the effective rate of interest 7, is 
v=1/(1 +7); at the end of two years, v?=1/(1+72)?, ete. ....... 

at the end of n years, v™=1/(1+7)". Hence 

Ci (De ae Bre rae 

é Ie ae 1 = al Cae Foor) ac fe 1 

eas Ger)? CCEA 

The sum of this geometric series is 

Lv _1-(4+0-" 
n= —; 3 (19) 

and its values are given in Table 35. 

Example 12.—To find the present value at 3% of an annual payment of $56,325 
at the end of each year for thirty years. 

Referring to Table 35, it is seen that agg at 3% is 19.6004413, and therefore the 

equired present value is 

19.6004413 « $56 ,325=$1,103,994.86. 

While the above demonstration relates to an annuity of 1 per 
annum, payable at the end of each year, the same principles apply 
to finding the present value of an annuity of 1 per annum, payable 
in p installments during each year. The present value of such an 
annuity is designated by the symbol a®, and its value is repre- 

sented by the following formula: 

1—wv (CEO 

PIA+ OT] pla +o) 1) 
In formulas (19) and (20) the values of the annuities are expressed 

in terms of the effective rate 1. If (1+7) is replaced by (1+7/m)™ 

in accordance with formula (2), there result the present values of 
the same annuities expressed as follows in terms of the nominal rate 
of interest 7, with frequency of conversion m: 

1—(14+j/m)-™™ 

(20) a ( By 
nw 

= 2 
Onl ~ (1 +j/m)y"—1 ey) 

and 

aa (Led 710) 5 96 @p) ies 5 Y; 

On ~ pid gi" 1] a 
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Fundamental relations between the present value and the 

amount of an annuity.—Since a, and s, are the values of the 
same annuity upon two dates differing by n years, it follows by the 
principle of reduction of values from one date to another, explained 
on page 95, that 

Ay = U"Sq, 

Si = (1 +0)", 
and in like manner that 

qg®? = a yng?) 
}} n| n| 

§D= (1 +1)"a®), 

7 
As tables are not published giving the values of a and s, when 

p is different frem 1, it is desirable for purposes of computation to 
express a relation between these functions and the tabulated func- 
tions a; and sz. This can easily be done by accumulating to the 
end of each year the p payments of 1/p which in a” ne s® are 
distributed at equal intervals through the year. By cones (11) 
this accumulation to the end of each year will be equal to 

SP) v a ‘ 

1 pla +i)? = 1] ip) 

This converts the annuity into one with annual rent s¥) payable at 

the end of each year for n years. Therefore 
(Pp) gs? 9 

An) =8$ yi Gn’ (23) 

(p) -.(P) 3Y 
s Til eae & a Sn] (24) 

The most frequent intervals in practice are semiannual, quarterly, 
and monthly, and to meet this requirement the values of s@, s%, 
and s% are given below for various rates of interest. 

é 

pl it+é)l/e—1] 
Values of siP} =i) (p)= 

% 134% 2% 214% 215% 234% 3% 

2 | 1.00373604 | 1.00435603 | 1.00497525 | 1.00559371 | 1.00621142 | 1.00682837 | 1. 00744458 
4 | 1.00560755 | 1.00653878 | 1.00746906 .| 1. 00839839 | 1.00932677 | 1.01025422 | 1.01118072 

12 | 1.00685652 | 1.00799571 | 1.00913389 | 1.01027107 | 1.01140725 | 1.01254243 | 1.01367662 

= — —— oo —— — — a=, 

Pp 313% 4% | 410% 5% 513% 6% 7% 

2.) 1.00867475 | 1.00990195 | 1.01112621 | 1.01234754 | 1.01356596 | 1.01478151 | 1.01720402 
4 | 1.01303094 | 1.01487744 | 1.01672026 | 1.01856942 | 1.02039495 | 1. 02222688 | 1.02588002 
12 1.02271479 | 1.02496465 | 1.02721070 | 1. 03169143 2 | 1.01594203 | 1.01820351 | 1.02046109 

Example 138.—What is the present value of an annuity for 30 years at effective 

rate 3%, payable in monthly installments of $25? 

By formula (23) with n=30, p=12, 1=.03, 

(12) (12) ag =8“P . dy =1.01367662 X 19.6004413=19.86850909. 
Therefore the present value of a similar annuity of $25 per month, or with annual 
rent of $300, is 

19.86850909 X $300 =$5 960.55. 
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The annuity which 1 will purchase.—The present value aj, of 
-an annuity may be viewed as the principal which, invested at the 
effective rate of interest 7, will provide a payment of 1 at the end of 
each year and will not be exhausted until the end of the nth year; 
in other words, dy is just sufficient to purchase an n year annuity 
of annual rent 1 payable at the end of each year. By proportion 
it appears that 1 will purchase an n year annuity of annual rent 

1/az payable at the end of each year. This quantity may be 
described as the annuity which 1 will purchase, and its value is 

1 d a ( Lagan et ei DS 25 
aa) t2 0? BSG 

This function is of great importance in annuity bond calculations, 
and its values are given for 60 terms and different rates of interest in 
Table 36, on pages 126 and 127. 

Example 14.—To find the uniform annual payment which in 20 years will dis- 

charge a loan of $100,000, including both principal and interest, at 5 per cent com- 

pounded annually. 

In this case n=20, 1=.05; employing formula (25) and referring to Table 36, it 

follows that a loan of 1 will be discharged, both principal and interest, by an annual 
payment of 

if — .0802426; 

hence the loan of $100,000 will be likewise discharged by an annual payment of 

.0802426 X $100 ,000=$8 024.26. 

By similar reasoning it follows that 1 will purchase an immediate 
annuity-certain with annual rent 1/a%, payable in p installments each 
year. The value of each periodical installment is 

1 (1+j/m)mip —1 

pa® ~1— (+ jim) (26) 

where interest is at the nominal rate 7 with frequency of conversion m. 
When m=1, the nominal rate 7;,) becomes the effective rate 7. When 
the conversion of interest occurs with the same frequency as the 
periodical payment, that is, when m=>p, formula (26) reduces to the 
important particular case 

fe J/p borne (27) 
TAD TCR Dime rea 

where a; is to be taken at 7/p per cent. 

Example 15.—To find the half yearly payment at 5% compounded semiannually 

which will discharge both principal and interest on a loan of $100,000 in three years. 

By formula (27) with n=3, p=2, a loan of 1 will be discharged, both principal and 

interest, in three years by a semiannual payment of 

il 
az (taken at 24%) 

= 1815500, 

and the loan of $100,000 will. be discharged in like manner by 

.1815500 X $100,000 =$18, 155.00. 
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Installment annuity loan.—The preceding example shows how 
the function 1/a, may be employed to determine the periodical fixed 
payment which in 7 years will discharge both principal and interest 
on a loan. It is to be noted particularly that the lender receives 
interest throughout the term of the loan on all outstanding principal. 
The following schedule, based on the above example, illustrates the 
progress of the loan. 

ScHEeDuLE J.—Showing repayment of principal and interest on a loan of $100,000 by six 
equal semiannual payments, each of $18,155; interest 5 per cent, compounded semi- 
annually. 

. ea Mh Lael Pete Sar eee er Principal repayment Year. ing a ee ol Interest for interval. |Semiannual payment.| +! for ree ip 2 

4 $100, 000. 00 $2, 500. 00 $18, 155. 00 S15, 655. 00 
1 84, 345. 00 2, 108. 63 18, 155. 00 16, 046. 37 
1g 68, 298. 63 1, 707. 47 18, 155. 00 16, 447. 53 
2 51, 851. 10 1, 296. 28 18, 155. 00 16, 858. 72 
24 34, 992. 38 874. 81 18, 155. 00 17, 280. 19 
3 ie loo 1 442.81 18, 155. 00 | ALG Vale, Als) 

Totals 357,199.30 | 8, 930. 00 108, 930. 00 100, 000. 00 

The initial invested principal of $100,000 earns $2,500 interest dur- 

ing the first half year; the first payment of $18,155.00 takes care of 
this and there remains a balance of $15,655.00 which goes to reduce 
the outstanding principal to $84,345.00, beginning with the second 
half year. This process is repeated until the end of the third year, 
when the last outstanding principal is retired. When preparing such 
aschedule, the work can be checked by adding the columns. It is evi- 
dent from the nature of the calculations that, for example, if the first 
row were omitted from this schedule, the remaining five would repre- 
sent the schedule for a loan of $84,345.00 on the same terms as the 

original loan, except that it would be discharged in two and one-half 
years by five equal semiannual payments. It must therefore be the 
present value of the five payments, that is, 

51x SIOO,000 $84,345.00, 

where the annuities are taken at 24 per cent. Similarly, by succes- 
sively employing aq, ay, @y, and aj, all at 24 per cent, as multi- 
pliers, the figures in the first column of principal outstanding at the 
beginning of the interval could be obtained. When these are known, 
the figures in the second column are obtained by multiplying the cor- 
responding figures in the first column by the interest rate for the 
interval, .025; in the fourth, by successive subtractions of the figures 
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in the first; and in the third, by adding those in the second to those 

_in the fourth as a check. 

Generalization of the annuity loan.—The preceding discussion 

can most easily be generalized by considering the loan of aq dollars 

where both principal and interest at effective rate 1 per annum are 
discharged by equal annual installments of 1 at the end of each year 
for n years. The initial principal is aq; the interest, ia,,=1—v"; the 
annual payment, 1, of which 1— (1—v") =v” is applied to repayment 
of principal. But ai—v"=a;=q; hence the outstanding principal 
at the beginning of the second year is a=, as might have been 
predicted in advance. A repetition of this process leads to the fol- 
lowing schedule: 

ScuEpDULE II.—Showing repayment of principal and interest at effective rate i per annum 
on a loan of a, by equal annual payments of 1 at the end of each year for n years. 

Principal een 
F : : Annual pay- Principal 

r outstanding Interest due at - . : Year. aeeeatn: & | enact ean IMeHE Bt end neve G at 
ning of year. | of year. end of year. 

= | 

1 an 1—yn 1 un 

2 ena ba L Wier 

3 On=>] Lo"? 1 ee 

k an —KFI| L—ynT-kt 1 pn-ks1 

n ayy Ey 1 v 

Totals ; (n—a,)/t N—Oz n a] 

Since this is a schedule for a loan of aj, if each item in it, apart 

from those in the column headed “year,” is divided by a” and 
multiplied by L, there results the corresponding schedule for a loan 
of Z dollars. 

For example, the items on a loan of Z dollars for the kth year 
would be 

DOnze/ Ani, L'—v"—) fan, L/an, Ler tan. (28) 

There are some curious properties revealed by the above schedule, 
among which the following may be pointed out. The principal 
repayments on an annuity loan increase in geometrical progression, 
the factor being 1+7. The sum of these repayments is aq; the sum 
of the annual payments is n; the total interest is n—a,; and the 
check on the first and second columns shows that 

Qi Oia ct Gg iatciie vat) ek se + aq) =N— aq. 

It is apparent that most of the items in the schedule can be filled 
in directly from the a and v" tables. Having thus filled in each 
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number, it would be necessary only to multiply each item by L/a*! to 
obtain the corresponding schedule for a loan of L. 

If in the preceding discussion year is replaced by «interval, the 
schedule may be made to apply to loans repaid by equal install- 
ments at the end of each interval. 

Relation between annuity which 1 will purchase and 
sinking fund which will amount to 1.—The important relation 

+4 (29) 
an Sn) 

can easily be verified by substitution of the values of 1/a” and 
1/s"| expressed in terms of 7, by formulas (25) and (15). 

The relation (29) merely expresses the fact that the annual rent, 

1/a4 on the annuity which 1 will purchase, must include, not only the 
interest 7 on the unit so invested, but also a sinking fund, 1/s“, which 
will accumulate to the invested unit at the end of the term of the 
annuity. 

Application to bond calculations.—An important application 
of the theory of compound interest and annuities arises in the valua- 
tion of bonds. First to determine the value of a bond issue redeem- 
able in one sum on a given date, with interest, or dividends, on the 
outstanding bonds at rate g, and all computed, or valued, so as to 

yield the purchaser a given effective rate of interest 7. Consider an 
issue of $100,000 highway bonds, denomination $500, dated January 
1, 1914, maturing January 1, 1948, interest 5 per cent, payable 
annually. 

The annual interest, or dividends, on these bonds is 5 per cent, 
and the bonds are redeemed at the end of 34 years. Suppose an 
intending purchaser desires to pay a price which will yield a net 
income of 3 per cent on his investment; how much ought he to bid ? 
This is the nature of the general problem. If the purchaser desires 
to realize 5 per cent on his investment, he must bid $100,000 for the 
bonds, or $1 for each dollar to be redeemed. If, however, he is 
content with 3 per cent, more than $100,000 must be paid for the 
bonds, that is, more than $1 for each dollar to be redeemed. In 
this case the bonds are said to be bought at a premium; if less 
than $1 is paid for each dollar to be redeemed, the bonds are said 
to be bought at a discount. 

In the general case, let C denote the price to be paid on redemption; 
i, the effective rate of interest employed in the valuation of the bonds, 
which is the net wcome rate to the purchaser; g, the ratio of the 

dividend per annum to (; ”, the number of years after which the 
bonds are redeemed; KA, the present value of C, due n years hence, 
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at the effective rate of interest 7; and A, the present value of, or bid 
_on, the bonds. 

In the above illustration C=100,000, and n=34. The dividend or interest per 
annum is 5,000. Hence g=5,000/100,000=.05. 

Returning to the general problem, the value of the bonds, so far as 
the purchaser or holder is concerned, consists of two parts: 

1. The annual interest, or diidend, to be recewed. 
2. The sum to be redeemed at the end of n years. 
Hence, to find the present value, A, of the bonds, the present value 

of each of these parts must be determined and added together. The 
interest per unit of the redemption price Cis, by definition, g; if the 
interest on 1 unit is g, the interest on CunitsisgC. Hence at the end 
of every year for n years the holder will receive g@ units. 

Dividend Redemption payment, C 
payments gC gv gC gC 

| 1 i 2 is n—1 yrs. n yrs. 

It is evident that these interest or dividend payments of g@ at the 
end of every year constitute an immediate annuity-certain of annual 
rent gC and term of n years. The value of such an annuity with 
annual rent 1 is a; hence the value of the annuity with annual 
rent gC is 

gC Ti) 

where a; is to be taken at the rate of interest 7 to be employed in the 
valuation of the bonds, a rate which in general is different from g, 
the rate of dividend. 

By formula (5), the present value of the sum C, to be redeemed 

In ” years, is v™=C. 
Adding these parts together, the result is 

A=v.'+ gCaz. 

Substituting in this relation the value of az given by formula 
(19), it follows that 

A= +2(C—w0). 

Since, by definition, K=v"C, the bid is given by 

Ae: £(C-K) (30) 

and the premium by 

AAC =(C- ieee (31) 
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If in formula (31) the total sum to be redeemed is regarded as unity, 

then C=1 and K=7", the present value of 1 due in n years, and 
there results 

(—w) 
° (g—@)=14+ g-da,- (32) 

In this formula az is taken at 7 per cent, and gives the bid on a 
bond where the sum to be redeemed is 1. Denoting the excess of A 
over 1 by k, which is called the premium, formula (382) becomes 

k= (g-ba®, (33) 

where the 7 per cent over the symbol a; means that the function is 

to be taken from the 7 per cent annuity table. 
This is the fundamental formula in bond calculations. It admits 

of a very simple interpretation, for it states that the premium on a 
bond is equal to the present value of an m year annuity at 7 per cent 
whose annual rent is the excess (g—7) of the nominal rate of dividend 
of the bond over the effective rate of interest 7, desired to be realized 
by the investor. 

Unit redeemed, 1 

Unit invested, 1 i i i i 
Lyre : 2 yrs. n—1 yrs. n yrs. 

Premium, ke 4 gt g—t g-i 

The dividend paid each year on each unit of the bond to be redeemed 
is g, which may be divided into two parts,7 and g—7. For the first 
part the investor pays 1-and in return receives interest of 7 each year 
and the 1 is redeemed at the end of n years. For the second part the 
investor pays the premium, ’=(g—7)az, and this is repaid, both 
principal and interest at rate 2, in n equal annual installments of 
(g—7). A portion of each installment goes toward the repayment of 
the premium k which is eventually reduced to zero. This is called 
the amortization oc writing off of the premium. 

It is thus seen that, if £ is positive, the bond is bought at a premium; 
and if k is negative, it is bought at a discount. Since aq is always 
positive, it appears from formula (33) that the sign of k will be posi- 
tive when g is greater than 7, or when the rate of dividend is greater 
than the rate of interest used in valuation; conversely, when g is less 
than 2, & 1s negative. 

Example 16.—To find the bid on the highway bond mentioned on page 104, on 
the hypothesis that the purchaser wishes to realize 3% on his investment. 

Consider a dollar (unit) of the loan C=100,000. Here n=34, g=.05, +=.03, and by 
formula (33), 

? 
k= (.05—.03)a37? =.02 X21.1318367 =.422636734 

or the premium is slightly over 42 cents on the dollar. Since for each dollar of the 

loan the purchaser must pay $1.422636734, for the whole loan of $100,000 he must pay 

1.422636734 < $100, 000=$142 263.67. 
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Dividends payable and interest,convertible semiannually.— 
When the net income interest rate desired by the investor is nominal, 

Say Jim), and the dividends per unit of the sum to be redeemed are 
paid in m equal installments, g/m, during the year, it is evident that 
it is a case of m times n intervals with g/m as dividend and j/m as 
the effective rate of interest per interval. Hence formula (33) becomes 

jue (g—J ‘gq lime : (34) 
Ve a 

In particular, if the net income is 7g), and the dividend payments 

are semiannual, 
GD) 512% k= pay al es (35) 

This formula provides for the valuation of all bonds, redeemed in one 
sum at the end of a term of m years and with semiannual dividends. 
Particular attention is called to the fact that the annuity must be 
taken for the term 2n, and at the rate of interest 7/2. 

Example 17.—What is the bid on $100,000 highway 5% bonds maturing at the end 
of 3 years, interest payable semiannually, to net purchaser a nominal rate of 4% con- 
vertible half-yearly? 

Here n=3, g=.05, j=.04, m=2, and formula (35) gives 

zs eODier 02) a=? =.005 X5.6014309=.0280071545. kh 

Hence the premium on $100,000 is $2,800.72, and the corresponding bid is $102,800.72. 
The progress of this bond loan is illustrated in the following schedule. 

ScHEDULE III. 

| Book velne 0: Statbrain Pe aaa Orie Redemption 
ete rincipal at be- "A ivide ti - | payment at 
| Year. | ginning of half | interest of Digaotim ie le titemet era) | endif nale 

year. | £05 bonds. | of half-year. year. 

4 | $102, 800. 72 | 32, 056. O01 $2, 500. 00 $443. 99 0. 00 
aL 102, 356. 73 De OATS | 2, 500. 00 452. 87 0. 00 
13 101, 903. 86 2,038.08 | 2,500.00 | 461. 92 0. 00 
2, 101, 441.94 | 2,028.84 | 2, 500. 00 471.16 0. 00 
24 100, 970. 78 2,019.42 | 2,500.00 480. 58 0. 00 
3 100, 490. 20 2, 009. 80 | 2, 500. 00 490. 20 $100, 000. 00 

Totals 609, 964. 23 | 12, 199°28 15,000.00 | 2,800.72 100, 000. 00 

At the outset the holder has an investment of $102,800.72 upon 
which, at 2 per cent, at the end of the first half-year, $2,056.01 interest 
is due; the dividend payment of $2,500.00 then made on the bonds 
provides for this interest and a balance of $443.99 remains, which is 
applied to amortize or write off the premium so that the book-value, or 
invested principal, is reduced to $102,356.73 at the beginning of the 
second half-year. This process continues for three years until the 
entire premium of $2,800.72 is written off and the bonds are redeemed 
by the payment of $100,000. The various columns are added and 
the checks upon these totals are obvious. 
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Example 18.—What is the bid on $100,000 highway 3% bonds maturing at the end 
of 3 years, interest payable semiannually, to net purchaser a nominal rate of 4% con- 

vertible half-yearly? 

Here n=3, g=.03, 7=.04, m=2, and formula (35) gives 

(.08—.04) 2”, 
k= 5 — i 9 

4 
= — .005X 5.6014309= — .0280071545. 

Hence the discount on $100,000 is $2,800.72, and the corresponding bid is $97,199.28, 

The progress of this bond loan is illustrated in the following schedule. 

ScHEDULE IV. 

Book value or Raa ’ Aceumulati Redempti 
oar prinetpal at seater ae al pare pe of discount P ae a 

itd beginning o terest of 2%. 107 : at end o tend of 
pines | 14% on bonds. half-year. haltvear 

| | | 
s $97, 199. 28 $1,943.99 | $1,500.00 | $443.99 0.00 

a 97, 643. 27 1,952.87 | 1,:500.00 452. 87 0.00 
ak 98,096.14 { 1,961.92 |; 1,500.00 461.92 0.00 
y | 98, 558. 06 1,971.16 | 1,500.00 | 471.16 0.00 
Le | 99, 629.22 1,980.58 | 1,500.00 | 480. 58 0.00 
3 99, 509. 80 1,990.20 | 1,500.00 | 40.20 | $100, 000. 00 

Totals) 590,035.77 | 11,800.72 | 9,000.00 | 2, 800. 72 100, 000. 00 
| | | 

In this case the holder has an initial investment of $97,199.28, and 
at the end of the first half-year 2 per cent interest, or $1,943.99, is due. 
The dividend payment of $1,500.00, then made on the bonds, is not 
sufficient to provide for this interest, and the difference of $443.99 is 
added to the principal and determines the book value at the beginning 
of the second half-year. This is called the accumulation or writing 
on of discount. By continuing this process for three years the 
entire discount of $2,800.72 is written on the initial principal, and 
the book value, $100,000, is then redeemed. ‘The totals of the several 
columns may be used to check the numerical work. 

Valuation of bonds redeemed in installments.—For the 
valuation of bonds which are not redeemed in one sum, but in a series 

of installments, first consider the simpler case where the dividend 
payments are annual and the rate of interest is the effective rate 7. 
Let ©,, C,,... . C,, denote the successive installments by which 

the bonds are to be redeemed; 

Fis Wigs be ee Tig the respective number of years after 
which the successive installments 
become due; 

ee ee eae the present values, at the effective rate 
of interest 7, of 

C, due n, years hence, 
, due n, years hence, 

C, due n, years hence; 
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q; the fixed rate of dividend to be paid on 
the outstanding bonds; 

Os the effective rate of interest employed 
in the valuation of the bonds, which 
is the net wncome rate to the pur- 
chaser ; 

BIMGIBAR Ase a>. Ay. the present values, at the effective rate 
i, of the separate installments with 
their respective dividends. 

0, 0, C. 
a . | 

nN, yrs. Tey VTS. N, YIs. 

Each installment redeemed may be regarded as furnishing a distinct 
problem under formula (30) so that, in order to value the entire bond 

issue, it may be treated as made up of r distinct issues and, after 
finding the value of each one, they may be added together for the value 
or bid on the total issue. 
By formula (30) in the case of a single issue of C, at net encome rate 

4, dividend rate g, due in n, years, the present value, or bid, A,, is: 

A, = K,+ @g/r) (C,— K). 
Similarly, A,= K,+ g/y) (G,— 4), 

A,= Gar (9/2) (Chee TG) 

Adding, 
(4,4+4,+.... +4, =CG4+K4+....+4K,) 
+(g/)[(C,+G,4+....4+¢0)-(K,4+44+....4+4K,)}. 

The total sum to be redeemed, C,+C,+....+(C,, is denoted by C; 
the total present value of C, in n, vears, C, in n, years, and so on, 
which by definition is equal to K,+ K,+....+K,, by K; and the 
total value of the issue, A,+A,+....+A,, by A; then for the bid 
there results 

A=K-+ (g/t) (C—4), (36) 
and for the premium, 

A—C=(C_-K) g—-@/é. (37) 

It thus appears that formulas (30) and (31), which were derived before 

for the case of a bond issue redeemed in one sum, hold also for the 
more general issue redeemed in any number of installments. 

Installment bonds when total sum to be redeemed is 1.— 
When 1 is the total sum to be redeemed, that is, when C=1, formula 
(37) becomes 

A—1=(1-K) g—-“@)/é, (38) 
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where A is the value of each unit of the sum to be redeemed, and K is 
the present value of the various parts of the unit at effective rate 7 
dueinn,,7n,.... 2,years. Letting A—1=-k, formula (38) becomes 

k=(1-4) (g—-7@)/4. (39) 

The premium ts positive if g is greater than 7, and negative, or a dis- 

count, if g is less than 2; for the first factor (1 — A) can not be nega- 
tive, as A by definition is the present value of a series of future pay- 
ments whose sum is 1, and hence their present discounted value must 
be less than 1. This shows in all cases that a bond issue must be 
bought at a premium, if it is valued at a lower rate 7 than the rate 
of dividend g; and at a discount, if it is valued at a higher rate 2 than 
the rate of dividend g. 

Serial bonds.—To apply the general formula (39) to the case of 
a bond issue redeemed by n equal annual installments, consider a 
unit of the total sum to be redeemed. Since this unit is to be 
redeemed in n equal installments over n years, the annual portion 
redeemed is 1/n. 

1/n 1/n 1/n 1/n 

| I | | 

lyr. 2 yrs. 3 yrs. nm yrs. 

The present value, A, of these m installments is clearly the value of 
an annuity of annual rent 1/n; hence 

K=aq X1/n=aq/n. 

Substituting this value of A in formula (39), the following formula 
is obtained: 

k=(1-—a,/n) (g—@)/é. (40) 

Example 19.—What is the bid on $100,000 highway 4% serial bonds maturing in 

20 equal annual installments, to net the purchaser an effective rate of 3%? 

Here n=20, g=.04, 1=.03, and axe =14.8774749; consequently 

k=(1—14.8774749]/20)(.04—.03)/.03 
=(1—.748873745) X1/3=.256126255 X1/3=.085375418. 

Hence the bid on $100,000 is 

1.085375418 X $100,000 =$108 537.54. 

Extension of formulas to case when dividends are payable 
and interest is convertible m2 times per annum.—Formula (36) 
assumes that dividends are payable once a year and that the effective 
rate of interest is? perannum. Replacing year by interval and assum- 
ing dividends to be paid at the end of each interval and the rate of 
interest realized by the investor a nominal rate convertible m times 
a year, formula (36) still applies, if the present value K of the several 
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installments to be redeemed is calculated at the effective rate 7/m 
per interval, and the dividend per unit of the sum to be redeemed is 
taken at the rate g/m per interval. The formula is unchanged in form 
since m cancels out in the ratio g/m to 7/m. 

General formula for valuation of bonds.—Assume that: 
1. The bonds are redeemed in 7 equal installments. 
2. The first redemption of bonds is made at the end of f years. 
3. The remaining r—1 bond redemptions are made at intervals of 

t years. 

4. The annual rate of dividend is g paid in m equal installments. 
5. The bond issue is valued at the nominai rate j,m). 
First find the present value, A, of an issue of the above type where 

O=1. The value of a similar total issue of Cis then found by mul- 
tiplying A by C. Since the unit fund is redeemed in 7 equal install- 
ments, each one will be 1/r. 

Redemption payments 1/r 1/r 1/r 1/r 
| 
| 

f years t yrs. t yrs. 

The total term of the issue is seen to be f+ (r—1)t years. As in 
preceding extension of formulas when dividends are payable and 
interest is convertible m times per annum, apply formula (36) to each 
installment of 1/r in the unit issue and the formula for the value of k, 
the premium per unit of the total sum to be redeemed, may readily 
be obtained. Expressed in terms of annuities, it appears as follows: 

Um (f+tr)| — Omf| LONE 5 See, y 
i E es Anipates Ont. |g DY at rate j/m. (41) 

The annuity present values in this formula must be computed at the 
rate of interest j/m. The most common case in practice is where 
the dividends are paid semiannually. Here m=2, and formula (41) 

becomes: 
eee E - a Cera diy —j) lj at rate j/2. (42) 

The last two formulas are very general in their application and 
have the advantage that when employed in practical computations 
it is necessary to consult only a table of values of ap. 

Example 20.—To find the bid on $1,100,000 highway bonds, interest 5% payable 

semiannually, dated January 1, 1914, maturing $100,000 on January 1, 1922, 1924, 

1926, 1928, 1930, 1932, 1934, 1936, 1938, 1940, and 1942, to net the purchaser a nomi- 

nal rate of 4%, compounded semiannually, on his investment. 

Here f=8, t=2, r=11, g=.05, m=2, and j,.),=.04. Accordingly, m(f+étr)=60, 

mf=16, and mt=4. Substituting in formula (42), 

aia a 05—.04)/.04 at 2%. 
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Entering Table 35 with 2% for the values of the annuities and numbering the 

successive steps for convenience of explanation, the calculation may be outlined 
as follows: 

gj =34.7608867 (1) 

(gq =13.5777093 (2) 
gp] — yg) =21.1831774 (3) 

(3)+11= 1.9257434 (4) 
a= 3.8077287 

(4)-aq)= .5057460 (5) 
Complement of (5)=1—(5)= .4942540 (6)=first factor 

(.05—.04)/.04== .25 (7)=second factor 

k=(6)X(7)= .1235635. 
The bid on one dollar is 1-+-/=1.1235635; consequently the bid on the whole issue is 

‘ 1.1235635 X $1, 100, 000=$1, 235,919.85. 

Example 21.—To find the price of $100,000 highway bonds, interest 5%, semi- 
annual, dated January 1, 1914, maturing $50,000 January 1, 1917, and $50,000 Janu- 

ary 1, 1919, to net the investor 4% compounded semiannually. 

In this case f=3, r=2, t=2, m=2, g=.05, 7=.04, and, substituting as in the pre- 

ceding example, the required price is found to be $103,646.00. The progress of the 
loan is indicated in the following schedule. 

SCHEDULE V. 

Book value Eee Amortizati i 
ent or principal _ Se miannual eae mislead ees eens ‘ 

ii at beginning interest of 2%. no onthonds! at end of at_end of 
of half-year. 2/0 half-year. half-year. 

4 $103, 646. 00 $2, 072. 92 $2, 500. 00 $427. 08 0. 00 
1 103, 218. 92 2, 064. 38 2, 500. 00 435. 62 0. 00 
14 102, 783: 30 2, 055. 67 2, 500. 00 444, 33 0. 00 
2 102, 338. 97 2, 046. 78 2, 500. 00 453. 22 0. 00 
24 101, 885. 75 2 03(et2 2, 500. 00 462. 28 ~ 0.00 
B: 101, 423. 47 2, 028. 47 2, 500. 00 471.53 $50, 000. 00 
34 50, 951. 94 1, 019. 04 1, 250. 00 230. 96 0. 00 
4 50, 720. 98 1, 014. 42 1, 250. 00 235. 58 0. 00 
44 50, 485. 40 1, 009: 71 1, 250. 00 240. 29 0. 00 
5 50, 245. 11 1,004.89 | 1, 250. 00 245. 11 50, 000. 00 

Totals 817, 699. 84 16,354.00 | 20, 000. 00 3, 646. 00 100, 000. 00 

Extension of term of tables.—It sometimes happens in applying 
formula (42) that the value of 2(f+1?r) is greater then the term given 

im, the tables. In example 20 one of the required annuity values was 
dm but, if the interval between redemptions had been three years 

instead of two, 2(f+tr)=82 would have called for the value of an 
annuity dm beyond the limits of the tables. It is easy, however, to 
extend these limits by making use of the following obvious relations: 

ian (43) 

(1+4)™*m= (1 +7)™(1+2)2, (44) 

Gaza = [1 — 0") /2, (45) 

Guta = On + Vda, (46) 

Sara = [(1+4)™(1 +2)"—1]/2, (47) 

Speen = (la 0) Sa tS (48) 



HIGHWAY BONDS. 113 

Example 22.—To find sj; at 14% when the limit of the tables is 60 years or terms. 

Applying formula (47) there results 

pe _ (1.015) (1.015)#—1 

as ii 015 015 

=203.5528568. 
__2.4432198 XK 1.6589964 —1 

: O15 

- By formula (48) 2 
S94) = Sep aq) = (1.015): Seq) S3q] 

=1.6589964 « 96.2146517 +-43.9330915=203.5528523. 

The correct value of sj, at 14% to seven places of decimals is 203.5528497; so the 

above method may be regarded as giving the correct value to about five places of 

decimals. In most practical cases this will be sufficiently accurate. 

Valuation of serial bonds bearing semiannual dividends.— 
The most common type of serial bond bears semiannual dividends 
and is redeemed in equal annual installments, the first of which is 
paid at the end of the first year. Formula (42) lends itself directly 
to the valuation of this bond at a nominal rate of interest 7 convert- 

ible twice a year. In this case f=t=1, r=n, and 

Arn — WF Ae yi) ° k-|1 ies dC — jf) {J at rate 7/2. (49) 

Formula (49) requires the use of a table of values of a, only. It 

can be put in another convenient form for computation involving 
the use of a table of values of aq and sq. For, by formula (46), 
daz = Ay + Vda, and, since v’/aq=1/(1 + 1)?aq=1/sq, after a simple 
reduction, there results 

w—| 1-228 loa at rate J/2. | ~—-(50) NSy 

Example 23.—$300,000 highway serial bonds bearing 4% interest payable semi- 

annually, dated January 1, 1914, mature $100,000 January 1, 1915, 1916, and 1917. 

What price should be paid to realize a net income of 3% compounded semiannually? 

Here n=3, g=.04, j(2)=.03, and by formula (49) 

ay4—a5 
b=[1-“3— | (.04—.03)/.03 at 14% 

3 305) 

= .0575373 X 1/3=.0191791, 

therefore the price to earn 3% compounded semiannually is 

1.0191791 X$300,000=$305,753.73. 

The following schedule illustrates the progress of this loan. 

52448°—15—_8 
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ScHEDULE VI. 

Book value or Ca ATT Semiannual Amortization Redemption 

Teas) patel | nestor |, een ol oe |e 
half-year. oer bonds. half-year. half-year. 

4 $305, 753. 73 $4, 586. 31 $6,000.00 | $1,413.69 0. 00 
il 304, 340. 04 4,565. LO 6, 000. 00 1, 434. 90 $100, 060. 00 
14 202, 905. 14 3, 043. 58 4, 000. 00 956. 42 ; 0.00 
2 201, 948. 72 3, 029523 4, 000. 00 970. 77 100, 000. 00 
2 100, 977. 95 1, 514. 67 2, 000. 00 485.33 0. 00 
3 100, 492. 62 1, 507.38 2, 000. 00 492.62 100, 000. 00 

Totals} 1, 216, 418. 20 18, 246. 27 24, 000. 00 5, 753. 73 300, 000. 00 

Annuity bonds.—On pages 101 to 104 the operation of a loan 
where both principal and interest are discharged by equal install- 
ments is fully described. It is evident that bonds may be issued 
on this basis and retired in accordance with the principal repayments 
contained in the annuity installments. Since these principal repay- 
ments are not exact multiples of the amounts or denominations in 
which bonds are usually issued, it is necessary to adjust the exact 
schedule so as to meet this requirement. The adjusted schedule 
gives an issue in which the bonds are retited year by year in increasing 
amounts. Examples of exact and adjusted schedules appear in the 
body of this bulletin on pages 16 and 17. 

To finance a loan of / by an issue of annuity bonds bearing 
interest or dividends at rate g per annum.—The annual install- 
ment which will retire the bonds in n years and at the same time 
pay interest at the rate of g per cent on outstanding bonds is 

Dan at rate g. (51) 

If the bonds are to bear interest of g per cent per annum, pay- 
able in p installments of g/p per cent during the year, then 

LL/Qap at rate g/p (52) 

is the periodical payment or annuity installment which will take 
care of interest on the bonds and retire them in n years. 

Example 24.—Adjust Schedule I, page 102, to finance the same loan by an annuity 

bond issue of $100,000, denomination $100, bearing 5% interest, compounded semi- 

annually, and retired in three years by six equal (nearly) semiannual annuity install- 

ments. 

Referring to Schedule I on page 102, the adjustments in the last column to even 

multiples of $100 are easily made; a check on this work is that the adjusted column 

must foot up to $100,000. When the column of bond redemptions is decided upon, 

the other columns in the schedule are readily derived. 
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ScHEDULE VII. 

(Schedule I adjusted to bonds of denomination $100.) 

, : A i Amortization Amount of 
Wied a ae t poems asia: of Data honile retired 

h beginning of 2407, at end of at end of at end of 
half-year. 2 half-year. half-year. half-year. 

4 $100,000 . | $2, 500. 00 $18, 200. 00 0. 00 $15, 700 
iL 84, 300 2, 107. 50 18, 107. 50 0. 00 16, 000 
14 68, 300 1, 707. 50 18, 107. 50 0. 00 16, 400 
2 51, 900 297200 18, 197. 50 0. 00 16, 900 
24 39, 000 875. 00 18, 175. 00 0. 00 17, 300 
3 17, 700 442. 50 18, 142. 50 0. 00 17, 700 

Totals 357, 200 8, 950. 00 108, 950. 00 0. 00 100, 000 

Valuation of annuity bonds.—In order to value an issue of 
this character, so as to yield the purchaser a net income at a rate of 
interest different from the rate of dividend on the bonds, it will ordi- 
narily be necessary to value separately the several parts of the total 
issue in accordance with the respective dates on which they are re- 
tired. This calculation may frequently be shortened by employing 
formula (36). Bond tables may also be consulted to advantage. 

The following example and schedule respectively illustrate the cal- 
culation of the bid and progress of the loan. 

Example 25.—Determine the bid on the entire issue of annuity bonds in Example 

24 so as to yield the investor a net income of 4%, compounded semiannually. 

Applying formula (35) successively to the several bond issues in the order in which 

they are retired with g=.05 and j=.04, the following premiums are found: 

$76. 96 
155. 32 

236. 48 

321. 75 
407. 71 

495. 73 

$1, 693. 95 

Accordingly, the bid on the entire issue is $101,693.95. The schedule illustrating 

the progress of this bond issue follows. It is constructed in the same manner as pre- 
ceding bond schedules and needs no additional explanation. 

Scuepute VIII.—Showing the progress of an annuity bond issue of $100,000, denomi- 
nation $100, bearing 5 per cent interest, compounded semiannually, and retired in three 
years by six equal (nearly) semiannual annuity installments. Bought to yield the 
investor 4 per cent, compounded semiannually. 

Amortization | Book value or Annuity Amount of 
Vicar! principal at Semiannual installments of premium | bonds retired 

beginning of interest of 2%. at end of at end of at end of 
half-year. half-year. half-year. half-year. 

5 SLOL, 693. 95 $2, 033. 88 $18, 200. 00 $466. 12 $15, 700 
1 85, 527. 83 1, 710. 56 18, 107. 50 396. 94 16, 000 
ly 69, 150. 89 1, 382. 62 18, 107. 50 324. 88 16, 400 
ZING 52, 406. 01 1, 048. 12 18, 197. 50 249. 38 16, 900 
25 3d, 256. 63 700. 13 18, 175. 00 169. 87 17, 500 
3 17, 786. 76 355. 74 18, 142. 50 86. 76 17, 700 

Totals 361, 802. 07 7, 236. 05 108, 930. 00 1, 693. 95 100, 000 
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Tape 31.—The accumulation of 1 at the end of n years. 

y _ (1+4é)”. 

Years.| 114%. 134%. Bor. 24% 214%. 234%. Bie Years 

| = ——. 5 

| 1 | 1.0150000 | 1.0175000 | 1..0200000 | 1.0225000 | 1.0250000 | 1.0275000 | 1.0300000 al 
2 | 1..0302250 | 1.0353063 | 1.0404000 | 1.0455063 | 1.0506250 | 1.0557563 | 1. 0609000 2 
3 | 1.0456784 | 1.0534241 | 1.0612080 | 1.0690301 | 1.0768906 | 1.0847896 | 1. 0927270 3 

| 4 | 1.0613636 | 1.0718590 | 1..0824322 | 1.0930833 | 1. 1038129 | 1. 1146213 } 1. 1255088 4 
| 5 | 1.0772840 | 1.0906166 | 1. 1040808 | 1. 1176777 | 1. 1314082 | 1. 1452733 | 1. 1592741 iD) 

6 | 1.0934433 | 1. 1097024 | 1. 1261624 | 1. 1428254 | 1. 1596934 | 1.1767684 | 1. 1940523 6 
7 | 1.1098449 | 1. 1291222 | 1. 1486857 | 1. 1685390 | 1. 1886858 | 1. 2091295 | 1. 2298739 Uf 
8 | 1. 1264926 | 1. 1488818 | 1. 1716594 | 1. 1948311 |-1. 2184029 | 1. 2493806 | 1. 2667701 8 
9 | 1.1433900 | 1. 1689872 | 1. 1950926 | 1.2217148 | 1. 2488630 | 1. 2765460 | 1. 3047732 9 

10 | 1.1605408 | 1. 1894445 | 1.2189944 | 1. 2492034 | 1. 2800845 | 1.3116510 | 1. 34389164 10 

11 | 1.1779489 | 1. 2102598 | 1. 2433743 | 1.2773105 | 1.3120867 | 1.3477214 | 1.3842339 11 
12 | 1.1956182 | 1. 2314393 | 1. 2682418 | 1. 3060500 | 1.3448888 | 1. 3847838 | 1. 4257609 12 
13 | 1.2135524 | 1. 2529895 | 1. 2936066 | 1.3354361 | 1.3785110 | 1, 4228653 | 1. 4685337 13 
14 | 1.2317557 | 1.2749168 | 1.3194788 | 1. 3654834 | 1.4129738 | 1.4619941 | 1. 5125897 14 
15 | 1.2502321 | 1.2972279 | 1.3458683 | 1. 3962068 | 1. 4482982 | 1. 5021990 | 1. 5579674 15 

16 | 1. 2689856 | 1.3199294 | 1.3727857 | 1.4276215 | 1. 4845056 | 1. 5435094 | 1. 6047064 16 
17 | 1. 2880203 | 1. 3430281 | 1. 4002414 | 1. 4597429 | 1.5216183 | 1.5859560 | 1. 6528476 17 
18 | 1.3073406 | 1.3665311 | 1.4282463 | 1. 4925872 | 1. 5: 596587 1. 6295697 | 1. 7024331 1s 
19 | 1.3269508 | 1.3904454 | 1.4568112 | 1. 5261704 | 1.5 1. 6743829 | 1. 7535061 19 
20 | 1.3468550 | 1.4147782 | 1.4859474 | 1. 5605092 | 1.6 3386164 1. 7204284 | 1.8061112 20 

21 | 1.3670578 | 1.4395368 | 1. 5156663 | 1. 5956207 | 1.6795819 | 1.7677402 | 1. 8602946 Pail 
22 | 1.3875637 | 1.4647287 | 1. 5459797 | 1.6315221 | 1.7215714 | 1. 8163531 | 1. 9161034 22 
23 | 1.4083772 | 1.4903615 | 1.5768993 | 1.6682314 | 1. 7646107 | 1. 8663028 | 1. 9735865 23 
24 | 1.4295028 | 1.5164428 | 1.6084373 | 1. 7057666 | 1. 8087260 | 1.9176261 | 2. 0327941 24 
25 | 1.4509454 | 1.5429805 | 1.6406060 | 1. 7441463 | 1.8539441 | 1.9703608 | 2.0937779 25 

26 | 1.4727095 | 1.5699827 | 1.6734181 | 1. 7833896 | 1. 9002927 | 2. 0245458 | 2. 1565913 26 
27 | 1.4948002 | 1. 5974574 | 1. 7068865 | 1.8235159 | 1.9478000 | 2. 0802208 | 2. 2212890 27 
28 | 1.5172222 | 1.6254129 | 1. 7410242 | 1.8645450 | 1. 9964950 | 2.1374268 | 2. 2879277 28 
29 | 1.5399805 | 1.6538576 | 1. 7758447 | 1.9064973 | 2.0464074 | 2.1962061 | 2.3565655 29 

| 30 | 1.5630802 | 1.6828001 | 1.8113616 | 1. 9493934 | 2.0975676 | 2. 2566017 | 2. 4272625 30 

| 31 | 1. 5865264 | 1. 7122491 | 1.8475888 | 1. 9932548 | 2. 1: BOS 2. 3186583 | 2. 5000804 3 
32 | 1.6103243 | 1. 7422135 | 1.8845406 | 2.0381030 | 2.2 2. 3824214 | 2. 5750828 32 
33 | 1. 6344792 | 1.7727022 | 1. 9222314 | 2.0839603 | 2. < 2. 4479380 | 2. 6523352 33 
34 | 1.6589964 | 1. 8037245 |.1. 9606760 | 2. 1308495 | 2. ¢ 2. 5152563 | 2. 7319053 84 
35 | 1.6838813 | 1.8352897 | 1.9998896 | 2. 1787936 | 2. 373: 2052 | 2. 5844258 | 2. 8138625 35 

36 | 1. 7091395 | 1.8674073 | 2.0398873 | 2. 2278164 | 2.4325353 | 2. 6554975 '| 2. 8982783 36 
| 37 | 1. 7347766 | 1. 9000869 | 2. 0806851 | 2.2779423 | 2. 4933487 | 2. 7285237 | 2. 9852267 37 

38 | 1. 7607983 | 1. 9333384 | 2. 1222988 | 2.3291960 | 2. 5556824 | 2.8035581 | 3. 0747835 38 
39 | 1.7872103 | 1.9671718 | 2. 1647448 | 2.3816029 | 2.6195745 | 2. 5 3. 1670270 39 
40 | 1.8140184 | 2.0015973 | 2. 2080397 | 2.4351890 | 2.6850638 | 2. 3. 2620378 40 

41 | 1.8412287 | 2. 2. 2522005 | 2.4899807 | 2. 7521904 | 3. 0412705 | 3. 3598989 41 
42 | 1. 8688471 } 2. 2. 2972445 | 2.5460053 | 2.8209952 | 3.1249055 | 3. 4606959 42 

| 43 | 1.8968798 | 2. 2. 3431894 | 2.6032904 | 2.8915201-] 3. 2108404 | 3. 5645168 43 
| 44 | 1. 9253330 | 2. 2 | 2.3900531 | 2. 6618644 | 2.9638081 | 3. 2991385 | 3.6714523 44 

45 | 1.9542130 | 2. 1899752 2.4378542 | 2. 7217564 | 3.0379033 | 3. 3898648 | 3. 7815958 45 

46 | 1. 9835262 | 2.2211773 | 2.4866113 | 2. 7829959 | 3. 1138509 | 3. 4830861 | 3. 8950437 46 
47 | 2.0132791 | 2. 2600479 | 2. 5363435 | 2.8456133 | 3. 1916971 | 3.5788709 | 4. 0118950 47 
48 | 2.0434783 | 2. 2995987 | 2. 5870704 | 2. 9096396 | 3.2714896 | 3.6772899 | 4. 1322519 48 
49 | 2.0741305 | 2.3398417 | 2.6388118 | 2.9751065 | 3.3532768 | 3. 7784154 | 4. 2562194 49 
50 | 2. 1052424 | 2. 3807889 | 2.6915880 | 3. 0420464 | 3.4371087 | 3. 8823218 | 4.3839060 50 

51 | 2. 1868211 | 2.4224527 | 2. 7454198 | 3. 1104924 | 3. 5230364 | 3. 9890856 | 4. 5154232 nat 
52 | 2. 1688734 | 2.4648457 | 2.8003282 | 3. 1804785 | 3.6111124 | 4.0987855 | 4. 6508859 52 
53 | 2. 2014065 | 2. 5079805 | 2. 8563348 | 3. 2520393 | 3. 7013902 | 4. 2115021 | 4. 7904125 53 
54 | 2. 2344276 | 2.5518701 | 2. 9134614 | 3.3252102 | 3. 7939249 | 4, 3273184 | 4. 9341249 54 
55 | 2.2679440 | 2. 5965279 | 2.9717307 | 3.4000274 | 3. 8887730 | 4. 4463196 | 5. 0821486 55 

56 | 2.3019631 | 2.6419671 | 3.0311653 | 3.4765280 | 3. 9859924 | 4. 5685934 | 5. 2346131 56 
57 | 2.3364926 | 2. 688: 2015 5 | 3.0917886 | 8.5547499 | 4. 422 | 4. 6942298 | 5. 3916514 57 
58 | 2.3715400 | 2.7 3. 1566244 | 3. 6347318 | 4. 1877832 | 4. 8233211 | 5. 5534010 58 
59 | 2.4071131 | 2.78311 18 8. 2166969 | 3.71651382 | 4. 2924778 | 4. 9559624 | 5. 7200030 59 
60 | 2.4432198 | 2.8318163 | 3.2810308 | 3. 8001348 | 4.3997897 | 5.0922514 | 5. 8916031 60 



HIGHWAY BONDS. 

TABLE 31.— The accumulation of 1 at the end of n years—Continued. 

"(144)". 

TANG 

Years.| 314%. 4%. 416%. 5%. SGC | 6%. Pheae 

1 | 1.0350000 1. 0400000 1, 0450000. 1. 0500000 1. 0550000 1. 0600000, 1. 0700000 
2 | 1.0712250 1. 0816000 1. 0920250 1. 1025000 1. 1130250 1. 1236000 1. 1449000 
3 | 1. 1087179 1. 1248640 1. 1411661 1. 1576250 1. 1742414 1. 1910160 1. 2250430 
4 | 1.1475230 1. 1698586 1. 1925186 1. 2155063 1. 2388247 1. 2624770 1. 3107960 
5 | 1. 1876863 1. 2166529 1. 2461819 1. 2762816 1. 3069600. 1. 3382256 1. 4025517 

6 | 1. 2292553 1. 2653190 1. 3022601 1. 3400956 1. 3788428 1. 4185191 1. 5007304 
7 | 1. 2722793 1. 3159318 1. 3608618 1. 4071004 1. 4546792 1. 5036303 1. 6057815 
8 | 1.3168090 1. 8685691 1. 4221006 1. 4774554 1. 5346865 1. 5938481 1. 7181862 
9 | 1. 3628974 1. 4233118 1. 4860951 1. 5513282 1. 6190943 1. 6894790 1. 8384592 

10 | 1.4105988 | - 1. 4802443 1. 5529694 1. 6288946 1. 7081445 1. 7908477 1. 9671514 

11 | 1. 4599697 1. 5894541 1. 6228531 it 7103394 1. 8020924 1. 8982986, 2. 1048520 
12 | 1.5110687 1. 6010322 1. 6958814 1. 7958563 1. 9012075 2. 0121965 2. 2521916 
13 | 1. 5639561 1. 6650735 1. 7721961 1. 8856491 2. 0057739 2. 13829283 2. 4098450 
14 | 1.6186945 1. 7316765 1. 8519449 1. 9799316, 2. 1160915 2. 2609040 2. 5785342 
15 | 1.6753488 1. 8009435 1. 9352824 2. 0789282 2. 2324765 2. 3965582 2. 7590315 

16 | 1. 7339860 1. 8729813 | 2. 0223702 2. 1828746 2..3552627 2. 5403517 2. 9521638 
17 | 1.7946756 1. 9473005 | 2. 1133768 2. 2920183 2. 4848022 2. 6927728 3. 1588152 
18 | 1.8574892 2. 0258165 2. 2084788 2. 4066192 2. 6214663 2. 8543392 3. 3799323 
19 | 1.9225013 2. 1068492 2. 3078603 2. 5269502 2. 7656469 3. 0255995 3. 6165275 
20 | 1.9897889 | 2. 1911231 2. 4117140 2. 6532977 2.9177575 | 3.2071355 3. 8696845 

21 | 2.0594315 | 2. 2787681 2. 5202412 | 2.7859626 3. 0782342 3. 3995636 4. 1405624 
22 | 2.13815116 | 2.3699188 | 2. 6336520 2. 9252607 3. 2475370 3. 6035374 4. 4304017 
23 | 2.2061145 | 2.4647155 2. 7521664 3. 0715238 3. 4261516 3. 8197497 4. 7405299 
24 | 2. 2833285 2. 5633042 2. 8760138 3. 2250999 3. 6145899 4. 0489346 5. 0723670 
25 | 2. 3632450 2. 6658363 8. 0054345 | 3. 3863549 3. 8133924 4. 2918707 5. 4274326 

26 | 2. 4459586 2. 7724698 3. 1406790 | 3. 5556727 4. 0231289 4. 5493830 5. 8073529 
27 | 2. 5315671 2. 8835686 3. 2820096 3. 7334563 4. 2444010 4, 8223459 6. 2138676 
28 | 2.6201720 | 2. 9987033 3. 4297000 3. 9201291 4. 4778431 5. 1116867 6. 6488384 
29 | 2.7118780 3. 1186515 | 3.5840365 4. 1161356 4. 7241244 5. 4183879 7. 1142571 
30 | 2. 8067937 3. 2433975 | 3. 7453181 4, 3219424 4. 9839513 5. 7434912 7. 6122550 

31 | 2.9050315 3. 8731334 3. 9138575 4. 53880395 5. 2580686 6. 0881006 8. 1451129 
32 | 3.0067076 3. 5080588 4. 0899810 4. 7649415 5. 5472624 6. 4533867 8. 7152708 
33 | 3.1119424 3. 6483811 4.2740302 5. 0031885 5. 8523618 6. 8405899 9. 3253398 
34 | 3. 2208603 3. 7943163 4, 4663615 5. 2533480 6. 1742417 7. 2510253 9.9781135 
35 | 3.3335905 | 3. 9460890 4. 6673478 5. 5160154 6. 5138250 7. 6860868 | 10. 6765815 

36 | 3. 4502661 4. 1039326 4. 8773785 5. 7918161 6. 8720854 8. 1472520 | 11. 4239422 
387 | 3.5710254 4. 2680899 5. 0968605 6. 0814069 7. 2500501 8. 6360871 | 12. 2236181 
38 | 3.6960113 4.4388135 | 5. 3262192 6.3854773 7. 6488028 9. 1542524 | 13.0792714 
89 | 3. 8253717 4. 6163660 5. 5658991 6. 7047512 8. 0694870 | 9. 7035075 | 13. 9948204 
40 | 3. 9592597 4. 8010206 | 5. 8163645 7. 0399887 8. 5133088 | 10. 2857179 | 14. 9744578 

41 | 4.0978338 4. 9930615 6. 0781009 7. 3919882 8.9815408 | 10. 9028610 | 16. 0226699 
42 | 4. 2412580 5. 1927839 6. 3516155 7. 7615876 9.4755255 | 11. 5570327 | 17. 1442568 
43 | 4.3897020 | 5. 4004953 6. 6374382 8. 1496669 9. 9966794 | 12. 2504546 | 18. 3443548 
44 | 4. 5433416 5. 6165151 6. 9361229 8. 5571503 | 10. 5464968 | 12. 9854819 | 19. 6284596 
45 | 4.7023586 | 5. 8411757 7. 2482484 8.9850078 | 11.1265541 | 13. 7646108 | 21. 0024518 

46 | 4. 8669411 6. 0748227 7. 5744196 9. 4342582 | 11. 7385146 | 14. 5904875 | 22. 4726234 
47 | 5.0372840 | 6.3178156 7. 9152685 9. 9059711 | 12. 3841329 | 15. 4659167 | 24. 0457070 
48 | 5.2135890 | 6. 5705282 8. 2714556 | 10. 4012697 | 13. 0652602 | 16. 3938717 | 25. 7289065 
49 | 5. 3960646 | 6. 8333494 8. 6436711 | 10.9213331 | 13. 7838495 | 17.3775040 | 27. 5299300 
50 | 5. 5849269 7. 1066834 9. 0326363 | 11. 4673998 | 14. 5419612 | 18. 4201543 | 29. 4570251 

51 | 5.7803993 7. 3909507 9. 4391049 | 12. 0407698 | 15. 3417691 | 19. 5253635 | 31. 5190168 
52 | 5. 9827133 7. 6865887 9. 8638646 | 12.6428083 | 16. 1855664 | 20. 6968853 | 33. 7253480 
53 | 6. 1921082 7. 9940523 | 10. 3077385 | 13. 2749487 | 17.0757725 | 21. 9386985 | 36. 0861224 
54 | 6. 4088320 8. 3138144 | 10. 7715868 | 13. 9386961 | 18. 0149400 | 23. 2550204 | 38. 6121509 
55 | 6.6331411 8. 6463669 | 11. 2563082 | 14. 6356309 | 19.0057617 | 24. 6503216 | 41. 3150015 

56 | 6. 8653011 8. 9922216 | 11. 7628420 | 15. 3674125 | 20. 0510786 | 26. 1293409 | 44. 2070516 
57 | 7. 1055866 9. 3519105 | 12. 2921699 | 16. 1357831 | 21. 1538879 | 27.6971013 | 47. 3015452 
58 | 7.542822 | 9. 7259869 | 12. 8453176 | 16. 9425722 | 22. 3173518 | 29. 3589274 | 50. 6126534 
59 | 7.6116820 | 10. 1150264 | 13. 4233569 | 17. 7897009 | 23. 5448061 | 31. 1204631 | 54. 1555391 
60. | 7. 8780909 | 10. 5196274 | 14. 0274079 | 18. 6971859 | 24. 8397705 | 32. 9876909 | 57. 9464268 
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id be: BULLETIN 136, W. S. DEPARTMENT OF AGRICULTURE. 

TABLE 32.—The accumulation of an annuity of 1 per annum at the end of n years. 

(144)"=1 
$= : . n| A 

Years. 114%. 134%. | OL ae 234%. 214%. 234%. BV Years. 
| 

1 1.000000 | 1.0000000 | 1.0000000 | 1.0000000 | 1.0000000 | 1.0000000 | 1. 0000000 i 
2| 2.0150000 | 2. 0175000 | 2.0200000 | 2.0225000 | 2.0250000 | 2.0275000 | 2. 0300000 2 
3} 3.0452250 | 3.0528063 | 3.0604000 | 3.0680063 | 3.0756250 | 3.0832563 | 3.0909000 3 
4| 4.0909034 | 4.1062304 | 4.1216080 | 4.1370364 | 4.1525156 | 4.1680458 | 4. 1836270 4 
5 | 5.1522669 | 5.1780894 | 5.2040402 | 5.2301197 | 5. 2563285 | 5. 2826671 | 5. 3091358 5 

6 | 6. 2295509 | 6. 2687060 | 6.3081210 | 6.3477974 | 6.3877367 | 6.4279404 | 6. 4684099 6 
7 | 7.3229942 | 7.3784083 | 7. 4342834 | 7.4906228 | 7.5474302 | 7.6047088 | 7.6624622 7 
8 | 8. 4328391 | 8.5075305 | 85829691 | 8.6591619 | 8. 7361159 | 88138383 | 8. 8923361 8 
9 | 9.5593317 | 9.6564122 | 9. 7546284 | 9. 8539930 | 9.9545188 | 10. 0562188 | 10. 1591061 9 

10 | 10. 7027217 | 10.8253995 | 10.9497210 | 11.0757078 | 11. 2033818 | 11.3327648 | 11. 4638793 | 10 

11 | 11.8632625 | 12. 0148439 | 12. 1687154 | 12.3249113 | 12. 4834663 | 12.6444159 | 12.8077957 | 11 
12 | 13.0412114 | 13. 2251037 | 13. 4120897 | 13. 6022218 | 13. 7955530 | 13. 9921373 | 14.1920296 | 12 
13 | 14. 2368296 | 14. 4565430 | 14.6803315 | 14.9082718 | 15.1404418 | 15.3769211 | 15.6177905 | 13 
14 | 15. 4503821 | 15. 7095325 | 15.9739382 | 16. 2437079 | 16. 5189528 | 16. 7997864 | 17.0863242 | 14 
15 | 16. 6821378 | 16.9844424 | 17. 2934169 | 17. 6091913 | 17.9319267 | 18. 2617805 | 18.5989139 | 15 

16 | 17.9323698 | 18. 2816772 | 18. 6392853 | 19.0053981 | 19. 3802248 | 19. 7639795 | 20.1568813 | 16 
17 | 19. 2013554 | 19.6016066 | 29.0120710 | 20. 4330196 | 20. 8647305 | 21.3074889 | 21.7615877 | 17 
18 | 20. 4893757 | 20.9446347 | 21. 4123124 | 21. 8927625 | 22. 3863487 | 22. 8934449 | 23.4144354 | 18 
19 | 21.7967164 | 22.3111658 | 22. 8405586 | 23. 3853497 | 23.9460074 | 24. 5230146 | 25.1168684 | 19 
20 | 23. 1236671 | 23. 7016112 | 24. 2973698 | 24.9115200 | 25. 5446576 | 26. 1973975 | 26.8703745 | 20 

21 | 24.4705221 | 25. 1163894 | 25. 7833172 | 26. 4720292 | 27. 1832741 | 27.9178259 | 28.6764857 | 21 
22 | 25. 8375799 | 26. 5559262 | 27. 2989835 | 28. 0676499 | 28. 8628559 | 29. 6855662 | 30.5367803 | 22 
93 | 27. 221436 | 28. 0206549 | 28. 8449632 | 29. 6991720 | 20.5844273 | 31. 5019192 | 32. 4528837 | 23 
24 | 28. 6335208 | 29.5110164 | 30. 4218625 | 31.3674034 | 32.3490380 | 33. 3682220 | 34.4264702 | 24 
25 | 30. 0630236 | 31.0274592 | 32.0302997 | 33.0731700 | 34. 1577639 | 35. 2858481 | 36. 4592643 | 25 

26 | 31.5139690 | 32.5704397 | 33.6709057 | 34.8173163 | 36.0117080 | 37. 2562089 | 38.5530423 | 26 
27 | 32.9866785 | 34. 1404224 | 35.3443238 | 36.6007059 | 37.9120007 | 39. 2807547 | 40.7096335 | 27 
28 | 34. 4814787 | 35. 7378798 | 37.0512103 | 38. 4242218 | 39. 8598008 | 41. 3609754 | 42.9309225 | 28 
29 | 35.9987009 | 37. 3632927 | 38. 7922345 | 40. 2887668 | 41. 8562958 | 43. 4984022 | 45.2188502 | 29 
30 | 37.5386814 | 39.0171503 | 40.5680792 | 42. 1952640 | 43.9027032 | 45. 6946083 | 47.5754157 | 30 

31 | 39. 1017616 | 40.6999504 | 42.3794408 | 44. 1446575 | 46. 0002707 | 47.9512100 | 50.0026782 | 31 
32 | 40. 6882880 | 42. 4121996 | 44. 2270296 | 46. 1379123 | 48. 1502775 | 50. 2698683 | 52.5027585 | 32 
33 | 42. 2986123 | 44. 1544131 | 46. 1115702 | 48. 1760153 | 50. 3540345 | 52. 6522897 | 55.0778413 | 33 
34 | 43.9330915 | 45.9271153 | 48. 0338016 | 50. 2599756 | 52.6128%53 | 55. 1002277 | 57.7301765 | 34 
35 | 45.5920879 | 47. 7308398 | 49.9944776 | 52. 3908251 | 54.9282074 | 57. 6154839 | 60. 4620818 | 35 

38 | 47. 2759692 49. 5661205 51. 9943672 | 54.5696186 | 57. 3014126 | 60. 1999097 | 63. 2759443 | 36 
37 | 48.9851087 35368 54. 0342545 | 56. 7974351 | 59. 7339479 | 62. 8554072 | 66.1742226 | 37 
38 | 50. 7198854 | 5: 36 | 56. 1149396 | 59.0753774 | 62. 2272966 | 65. 5839309 | 69.1594493 | 38 
39 | 52 58. 2372384 | 61. 4045733 | 64. 7829791 | 68. 3874890 | 72.2342328 | 39 
40 | 54, 2678039 | 57. 2341339 | 60. 4019832 | 63. 7961762 | 67. 4025535 | 71. 2681450 | 754012597 | 40 

41 | 56. 0819123 | 59. 2357312 | 62. 6100228 | 66. 2213652 | 70.0876174 | 74. 2280190 | 78.6632975 | 41 
42 | 57.9231410 | 6 65 | 64. 8622233 | 68. 7113459 | 72. 8398078 | 77. 2692895 | 82.0231965 | 42 
43 | 59. 7919881 | 63. 3446228 | 67. 1594678 | 71. 2573512 | 75. 6608030 | 80. 3941950 | 85. 4838923 | 43 
44 | 61. 6888679 | 65. 4531537 | 69.5026571 | 73. 8606416 | 78. 5523231 | 83. 6050353 | 89.0484091 | 44 
45 | 63. 6142010 | 67.5985839 | 71. 8927103 | 76.5225061 | 81.5161312 | 86.9041738 | 92,7198614 | 45 

46 | 65.5684140 | 69. 7815591 | 74. 3305645 | 79. 2442624 | 84. 5540344 | 90. 2940386 | 96.5014572 | 46 
47 | 67. 5519402 | 72. 0027364 | 76. 8171758 | 82. 0272583 | 87. 6678853 | 93. 7771246 |100.3965010 | 47 
48 | 69.5652193 | 74. 3 | 79.3535193 | 84. 8728717 | 90. 8595824 | 97. 3559956 |104. 4083960 | 48 
49 | 71.6086976 | 76.5 81. 9405897 | 87. 7825113 | 94. 1310720 |101. 0332854 |108.5406479 | 49 
50 | 73.6828280 | 78. 9022247 | 84.5794015 | 90. 7576178 | 97, 4843488 {104. 8117008 |112. 7968673 | 50 

51 | 75. 7880705 | 81. 2830136 | 87. 2709895 | 93. 7996642 |100.9214575 |108. 6940226 |117.1807733 | 51 
52 | 77.9248915 | £3. 7054664 | 90.0164093 | 96.9101566 |104. 4444940 |112. 6831082 /121.6961965 | 52 
53 | 80.0937649 | 86.1703120 | 92.8167375 |100. 0906351 |108. 0556063 |116, 7818937 |126.3470824 | 53 
54 | 82, 2951714 | 88. 6782925 | 95. 6730722 |103. 3426744 |111. 7569965 |120. 9933957 |131. 1374949 | 54 
55 | 84.5295989 | 91. 2301626 | 98. 5865337 |106. 6678846 |115. 5509214 |125.3207141 |136.0716197 | 55 

56 | 86. 7975429 | 93. . 5582643 |110. 0679120 |119. 4396944 |129. 7670338 |141.1537683 | 56 
57 | 89.6995061 | 96. . 5894296 |113. 5444400 |123. 4256868 |134. 3356272 |146. 3883814 | 57 
58 | 91. 4359987 | 99. . 6812182 |117. 0991899 |127. 5113289 |139. 0298569 |151. 7800328 | 58 
59 | 93. 8075386 |101. 8921041 |110. 8348426 |129. 7339217 |131. 6991122 |143. 8531780 |157.3334338 | 59 
60 | 96. 2146517 |104. 6752159 |114. 0515394 |124. 4504349 |135. 9915900 |148. 8091404 |163. 0534368 | 60 



HIGHWAY BONDS. 19 

TABLE 32.— The accumulation of an annuity of 1 per annum at the end of n years—Con. 

eel 
n| i 

Yrs 316%. 4%. AM6%. 5%. 514%. 6%. oe Yrs. 

1 1. 0000000 1. 0000000 1..0000000 1. 0000000 1. 0000000 1. 0000000. 1. 0000000 1 
2 2.0350000 2.0400000 2. 0450000 2.0500000 2.0550000 2. 0600000 2.0700000 2 
3 3. 1062250 3. 1216000 3. 1370250 3. 1525000 3. 1680250 3. 1836000 3. 2149000 8} 
4 4.2149429 4. 2464640 4.2781911 4. 3101250 4. 3422664 4. 3746160 4. 4399430 4 
i) 5. 3624659 5. 4163226 5. 4707097 5.5256313 5.5810910 5. 6370930 5. 7507390 | 5 

6 6. 5501522 6. 6329755 6. 7168917 6. 8019128 6. 8880510 6.9753185 7. 1532907 6 
7 7. 7794075 7.8982945 8.0191518 8. 1420085 8. 2668938 8. 3938377 8. 6540211 ii 
8 9. 0516868 9. 2142263 9. 3800136 9. 5491089 9. 7215730 9. 8974679 10. 2598026 8 
9 10. 3684958 10. 5827953 10. 8021142 11. 0265643 11. 2562595 11. 4913160 11. 9779888 9 

10 11. 7313932 12. 0061071 12. 2882094 12. 5778925 12. 8753538 13. 1807949 13.8164480 | 10 

11 13. 1419919 13. 4863514 13. 8411788 14. 2067872 14. 5834983 14. 9716426 15. 7835993 | 11 
12 14. 6019616 15. 0258055 15. 4640318 15. 9171265 16. 3855907 16. 8699412 17.8884513 | 12 
13 16. 1130303 16. 6268377 17. 1599133 17. 7129829 18. 2867981 18. 8821377 20. 1406429 | 13 
14 17. 6769864 18. 2919112 18. 9321094 19. 5986320 20. 2925720 21. 0150659 22.5504879 | 14 
15 19. 2956809 20. 0235876 20. 7840543 21.5785636 22. 4086635 23. 2759699 25. 1290220 | 15 

16 20. 9710297 21. 8245311 22. 7193367 23. 6574918 24. 6411400 25. 6725281 27.8880536 | 16 
17 22. 7050158 23. 6975124 24. 7417069 25. 8403664 26. 9964027 28. 2128798 30. 8402173 | 17 
18 24. 4996913 25. 6454129 26. 8550837 28. 1323847 29. 4812048 30. 9956526 33. 9990325 | 18 
19 26. 3571805 27.6712294 29. 0635625 30. 5390039 32. 1026711 33. 7599917 37.3789648 | 19 
20 | 28.2796818 | 29.7780786 | 31.3714228 | 33.0659541 34. 8683180 | 36.7855912 | 40.9954923 | 20 

21 30. 2694707 | 31.9692017 | 33.7831368 | 35.7192518 | 37.7860755 39.9927267 | 44.8651768 | 21 
22 32. 3289022 34. 2479698 36. 3033780 38. 5052144 40. 8643097 43. 3922903 49.0057392 | 22 
23 34. 4604137 36. 6178886 38. 9370300 41. 4804751 44. 1118467 46. 9958277 53. 4361409 | 23 
24 36. 6665282 39. 0826041 41. 6891963 44. 5019989 47. 5379983 50. 8155774 58. 1766708 | 24 
25-| 38.9498567 | 41.6459083 | 44.5652102 | 47.7270988 | 51.1525882 | 54.8645120 | 63.2490377 | 25 

26 41. 3131017 44, 3117446 47.5706446 51.1134538 54. 9659805 59. 1563827 68. 6764704 | 26 
27 43. 7590602 47.0842144 50. 7113236 54. 6691265 58. 9891094 63. 7057657 74. 4838233 | 27 
28 46, 2906273 49. 9675830 53. 9933332 58. 4025828 63. 2335105 68. 5281116 80. 6976909 | 28 
29 48. 9107993 52. 9662863 57. 4230332 62. 3227119 67. 7113535 73. 6397983 87. 3465293 | 29 
30 | 51.6226773 | 56.0849378 | 61.0070697 | 66.4388475 72. 4354780 79.0581862 | 94.4607863 | 30 

31 54. 4294710 | 59.3283353 | 64. 7523878 70. 7607899 | 77.4194293 | 84.8016774 | 102.0730414 | 31 
32 57. 33845025 62. 7014687 68. 6662452 75. 2988294 82.6774579 90. 8897780 | 110. 2181543 | 32 
33 60. 3412101 66. 2095274 72. 7562263 80. 0637708 88. 2247603 97. 3431647 | 118. 9334251 | 33 
34 63. 4531524 69. 8579085 77.0302565 85. 0669594 94. 0771221 | 104. 1837546 | 128. 2587648 | 34 
35 66. 6740127 73. 6522249 | 81.4966180 |. 90.3203074 | 100. 2513638 | 111.4347799 | 138. 2368784 | 35 

36 70. 0076032 77.5983139 86. 1639658 95.8363227 | 106. 7651888 | 119.1208667 | 148.9134598 | 36 
37 73. 4578693 81. 7022464 91. 0413443 | 101. 6281389 | 113. 6372742 | 127. 2681187 | 160. 3374020 | 37 
38 77.0288947 85. 9703363 96. 1382048 | 107. 7095458 | 120.8873243 | 135. 9042058 | 172.5610202 | 38 
39 80. 7249060 90. 4091497 | 101. 4644240 | 114.0950231 | 128.5361271 | 145.0584581 | 185. 6402916 | 39 
40 | 84.5502778 | 95.0255157 | 107.0303231 | 120. 7997742 | 136.6056141 | 154. 7619656 | 199.6351120 | 40 

41 88. 5095375 | 99.8265363 | 112. 8466876 | 127.8397630 | 145.1189229 | 165.0476836 | 214.6095698 | 41 
42 92. 6073713 | 104.8195978 | 118.9247885 | 135.2317511 | 154.1004636 | 175. 9505446 | 230. 6322397 | 42 
43 96. 8486293 | 110.0123817 ; 125. 2764040 | 142. 9933387 | 163.5759891 | 187.5075772 | 247. 7764695 | 43 
44 | 101. 2383313 | 115.4128770 | 131. 9138422 | 151. 1430056 | 173.5726685 | 199. 7580319 | 266.1208513 | 44 
45 | 105. 7816729 | 121.0293920 | 138. 8499651 | 159. 7001559 | 184.1191653 | 212. 7435138 | 285. 7493108 | 45 

46 | 110. 4840315 | 126.8705677 | 146.0982135 | 168.6851637 | 195. 2457194 | 226.5081246 | 306. 7517626 | 46 
47 | 115.3509726 | 132. 9453904 | 153.6726331 | 178.1194219 | 206. 9842339 | 241.0986121 ! 329. 2243860 | 47 
48 | 120. 3882566 | 139. 2632060 | 161.5879016 | 188. 0253929 | 219.3683668 | 256.5645288 | 353.2700930 | 48 
49 | 125.6018456 | 145.8337343 | 169.8593572 | 198. 4266626 | 232. 4336270 | 272.9584006 | 378.9989995 | 49 
50 | 180.9979102 | 152.6670837 | 178.5030283 | 209.3479957 | 246.2174765 | 290. 3359046 | 406.5289295 | 50 

51 | 136.5828370 | 159. 7737670 | 187.5356646 | 220.8153955 | 260. 7594377 | 308. 7560589 | 435.9859545 | 51 
52 | 142. 3632363 | 167.1647177 | 196.9747695 | 232.8561653 | 276.1012067 | 328.2814224 | 467.5049714 | 52 
53 | 148.3459496 | 174.8513064 | 206.8386341 | 245. 4989735 | 292. 2867731 | 348. 9783077 | 501. 2303194 | 53 
54 | 154.5380578 | 182.8453587 | 217. 1463726 | 258.7739222 | 309. 3625456 | 370.9170062 | 537.3164417 | 54 
55 | 160. 9468898 | 191. 1591730 | 227.9179594 | 272. 7126183 | 327.3774856 | 394.1720266 | 575.9285926 | 55 

56 | 167.5800310 | 199.8055399 | 239.1742676 | 287. 3482492 | 346.3832473 | 418.8223482 | 617.2435941 | 56 
57 | 174. 4453321 | 208. 7977615 | 250.9371096 | 302. 7156617 | 366. 4343259 | 444.9516891 | 661. 4506457 | 57 
58 | 181.5509187 | 218.1496720 | 263. 2292795 | 318. 8514448 | 387.5882139 | 472.6487904 | 708. 7521909 | 58 
59 | 188.9052009 | 227.8756589 | 276.0745971 | 335. 7940170 | 409. 9055656 | 502.0077178 | 759. 3648443 | 59 
60 | 196.5168829 | 237.9906852 | 289. 4979540 | 353.5837179 | 433. 4503717 | 533.1281809 | 813.5203834 | 60 
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TaBLE 33.—The annual sinking fund which will accumulate to 1 at the end of n years. 

Years.| 114%. 134%. 2%. 214%. 216%. 234%. Be: Years. 

1 1. 0000000 - 0000000 . 0000000 1. 0000000 1. 0000000 - 0000900 1. 0000000 
2 0. 4962779 - 4956630 . 4950495 0. 4944376 0. 4938272 - 4932183 0. 4926108 | 
3 0. 3283830 . 3275675 . 3267547 0. 3259446 0. 3251372 . 8243324 0. 3235304 
4 0. 2444448 . 2435324 . 2426238 0. 2417189 0. 2408179 . 2399206 0. 2390271 
5 0. 1940893 . 1931214 . 1921584 0. 1912002 0. 1902469 . 1892983 0. 1883546 

. 1555708 | 0. 1545975 

. 13814975 | 0. 1805064 
. 1134580 | 0.1124564 
- 0994410 | 0.0984339 
. 0882397 | 0.0872305 10 

. 1585258 | 0.1575350 
1345120 | 0.1835003 | 0. 1324954 
1165098 | 0.1154846 | 0. 1144674 
1025154 | 0.1014817 | 0. 1004569 

. 0913265 | 0.0902877 | 0.0892588 

0. 1565500 - 6 
7 | 0.1865562 - 1355306 
8 | 0.1185840 - 1175429 
9 | 0.1046098 - 1035581 

10 | 0.0934342 . 0923753 
Ooona Oe wh 

it 
0 
0 
0 
0 

0. 1605252 | 0. 1595226 
0 
0 
0 
0 

0 .0821779 | 0.0811365 | 0.0801060 
- 0745596 |° 0.0735174 | 0.0724871 
. 0681184 | 0.0670769 | 0.0660483 
- 0626020 | 0.0615623 | 0.0605365 
- 0578255 | 0.0567885 | 0. 0557665 

. 0790863 | 0.0780775 11 

. 0714687 | 0.0704621 12 
- 0650325 |. 0.0640295 13 
- 0595246 | 0. 0585263 14 
- 0547592 | 0. 0537666 15 

. 0536501 | 0.0526166 | 0.0515990 | 0.0505971 | 0.0496109 16 

1 
0 
0 
0 
0 

0 
0. 
0 
0 
0 

11 | 0.0842938 . 0832304 0 
0 
0 
0 
0 

0 
. 0499698 | 0.0489404 | 0.0479278 | 0.0469319 | 0.0459525 Af 

0. 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

12 | 0.0766800 | 0.0756138 
13 | 0.0702404 | 0.0691728 
14 | 0.0647233 | 0.0636556 
15 | 0.0599444 | 0.0588774 

16 | 0.0557651 | 0.0546996 

0467021 | 0.0456772 | 0.0446701 | 0.0436806 | 0.0427087 18 
0437818 | 0.0427618 | 0.0417606 | 0.0407780 | 0. 0398139 19 
- 0411567 | 0.0401421 | 0.0391471 | 0.0881717 | 0.0372157 20 

. 0358194 | 0.0348718 21 
- 0336864 | 0.0327474 22 
- 0317441 | 0.0308139 23 
- 0299686 | 0.0290474 24 
. 0283400 | 0.0274279 25 

. 0268412 | 0.0259383 26 

. 0254578 | 0.0245642 27 

. 0241774 | 0.0232932 28 

. 0229894 | 0.0221147 29 

. 0218844 | 0.0210193 30 

19 | 00458785 
20 | 0.0432457 | 0.0421912 

21 | 0.0408655 | 0. 0898146 
22 | 0.0387033 | 0.0376564 
23 | 0.0367308 | 0.0356878 
24 | 0.0349241 | 0.0338857 
25 | 0.0332635 | 0. 0322295 

. 0387848 | 0.0377757 | 0.0367873 
. 0366314 | 0.0356282 | 0.0346466 
- 0346681 | 0.0336710 | 0.0326964 
- 0328711 | 0.0318802 | 0. 0309128 
0312204 | 0.0302360 | 0.0292759 

26 | 0.0317320 | 0.03807027 
27 | 0.0303153 | 0.0292908 
28 | 0.0290011 | 0.0279815 
29 | 0.0277788 | 0.0267642 
30 | 0.0266392 | 0.0256298 

- 0296992 | 0.0287213 | 0.0277687 
- 0282931 | 0.0273219 | 0. 0263769 
. 0269897 | 0.0260253 | 0.025°879 
- 0257784 | 0.0248208 | 0. 0238913 
- 0246499 | 0.0236993 | 0. 0227776 

31 | 0.0255743 | 0.0245701 . 0235964 | 0.0226528 | 0.0217390 | 0.0208545 | 0.0199989 31 
32 0245771 | 0.0235781 - 0226106 | 0.0216742 | 0.0207683 | 0.0198926 | 0.0190466 32 
33 0236414 | 0.0226478 0216865 | 0.0207572 | 0.0198594 | 0.0189925 | 0.0181561 33 
34 0227619 | 0.0217736 - 0208187 | 0.0198966 | 0.0190068 | 0.0181488 | 0.0173220 34 
35 0219336 | 0. 0209508 0200022 | -0.0190873 | 0.0182056 | 0.0173565 | 0. 0165393 35 

36 0211524 | 0.0201751 - 0192329 | 0.0183252 | 0.0174516 | 0.0166113 | 0.0158038 36 
37 0204144 | 0.0194426 0185068 | 0.0176064 | 0.0167409 | 0.0159095 | 0.0151116 37 
38 0197161 | 0.0187499 0178206 | 0.0169275 | 0.0160701 | 0.0152476 | 0.0144593 38 

0190546 | 0.0180940 
0184271 | 0.0174721 

-O171711 | 0.0162854 | 0.0154362 | 0.0146226 | 0. 0138439 39 
- 0165558 | 0.0156774 | 0.0148362 | 0.0140315 | 0.0132624 40 

0178311 | 0.0168817 
0172643 | 0.0163206 
0167247 | 0.0157867 
0162104 | 0.0152781 
0157198 | 0.0147932 

-0159719 | 0.0151009 | 0.0142679-| 0.0134720 | 0.0127124 41 
-0154173 | 0.0145536 | 0.0137288 | 0.0129418 | . 0.0121917 42 
- 0148899 | 0. 0140336 | 0.0132169 | 0.0124387 | 0.0116981 43 
0143879 | 0.0135390 | 0.0127304 | 0.0119610 | 0.0112298 44 
0139096 | 0.0130681 | 0.0122675 | 0.0115069 | 0.0107852 45 

.0152512 | 0.0143304 
0148034 | 0. 0188884 
.0143750 | 0.0134657 
. 0139648 | 0.0130612 
-0135717 | 0.0126739 

- 0134534 | 0.0126192 | 0.0118268 | 0.0110749 | 0. 0103625 46 
-0130179 | 0.0121911 | 0.0114067 | 0.0106636 | 0. 0099605 47 
- 0126018 | 0.0117823 | 0.0110060 | 0.0102716 | 0.0095778 48 
- 0122040 | 0.0113918 | 0.0106235 | 0.0098977 | 0.0092131 49 
0118232 | 0.0110184 | 0.0102581 | 0.0095409 | 0. 0088655 50 O2Oo0900 SOSoOeo SsSooSoO SOoC'Sso SOooOoSo SOSoSoo SoOoSoSo SCOSoOSoS SseSoeS SsooSoH 

= ee 

S2999 SSSs99 SsesSs SSeS 

51°} 0.0181947 | 0.0123027 | 0.0114586 | 0.0106610 | 0.0099087 | 0.0092001 | 0.0085338 51 
52 | 0.0128329 | 0.0119467 | 0.0111091 | 0.0103188 | 0.0095745 | 0. 0088744 | 0. 0082172 52 
53 | 0.0124854 | 0.0116049 | 0.0107739 | 0.0099909 | 0.0092545 | 0.0085630 | 0. 0079147 53 
54 | 0.0121514 | 0.0112767 | 0.0104523 | 0.0096765 | 0.0089480 | 0.0082649 | 0. 0076256 54 
55 | 0.0118802 | 0.0109613 | 0.0101434 | 0.0093749 | 0.0086542 | 0.0079795 | 0.0073491 55 

56 | 0.0115211 | 0.0106580 | 0.0098466 | 0.0090853 | 0.0083724 | 0.0077061 | 0.0070845 56 
57 | 0.0112234 | 0.0103661 | 0.0095612 | 0.0088071 | 0.0081020 | 0.0074440 | 0.0068311 57 
58 | 0.0109366 | 0.0100850 | 0.0092867 | 0.0085398 | 0.0078424 | 0.0071927 | 0. 0065885 58 
59 | 0.0106601 | 0.0098143 | 0.0090224 | 0.0082827 | 0.0075931 | 0.0069515 | 0.0063559 59 
60 | 0.0103934 | 0.0095534 | 0.0087680 | 0.0080353 | 0.0073534 | 0.0067200 | 0. 0061330 60 
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TasiE 33.—The annual sinking fund which will accumulate to 1 at the end of n 
: years—Continued., 

De ee 
Sn) (1+i)"—1 

33 | 0.0165724 | 0.0151036 | 0.0137445 | 0.0124900 
34 | 0.0157597 | 0.0143148 | 0.0129819 | 0.0117554 
35 | 0.0149984 | 0.0185773 | 0.0122705 | 0.0110717 

36 | 0.0142842 | 0.0128869 | 0.0116058 | 0.0104345 
37 | 0.0136133 | 0.0122396 | 0.0109840 | 0. 0098398 
38 | 0.0129821 | 0.0116319 | 0.0104017 | 0. 0092842 
39 | 0.0123878 | 0.0110608 | 0.0098557 | 0. 0087646 
40 | 0.0118273 | 0.0105235 | 0. 0093432 | 0.0082782 

41 | 0.0112982 | 0.0100174 | 0.0088616 | 0.0078223 
42 | 0.0107983 | 0.0095402 | 0.0084087 | 0. 0073947 - 0064893 | 0.0056834 | 0. 0043359 42 
43 | 0.0103254 | 0.0090899 | 0.0079824 | 0. 0069933 - 0061134 | 0.0053331 | 0.0040359 43 
44 | 0.0098777 | 0.0086645 | 0.0075807 | 0.0066163 ; 0.0057613 | 0.0050061 | 0.0037577 44 
45 | 0.0094534 | 0.0082625 | 0.0072020 | 0.0062617 | 0.0054313 | 0.0047005 | 0.0034996 45 

46 | 0.0090511 | 0.0078821 | 0.0068447 | 0.0059282 | 0.0051218 | 0.0044149 | 0.0032600 46 
47 | 0.0086692 | 0.0075219 | 0.0065073 | 0.0056142 | 0.0048313 | 0.0041477 | 0.0030374 47 
48 | 0.0083065 | 0.0071807 | 0.0061886 | 0.0053184 | 0.0045585 | 0.0038977 | 0. 0028307 48 
49 | 0.0079617 | 0.0068571 | 0.0058872 | 0.0050397 | 0.0043023 | 0. 0036636 | 0. 0026385 49 
50 | 0.0076337 | 0.0065502 | 0.0056022 | 0.0047767 | 0.0040615 | 0.0034443 | 0.0024599 50 

51 | 6.0073216 | 0.0062589 | 0.0053323 , 0.0045287 | 0.0038350 ' 0.0032388 | 0.0022937 51 
52 | 0.0070243 | 0.0059821 | 0.0050768 | 0.0042945 | 0.0036219 | 0.0030462 | 0. 0021390 52 
53 | 0.0067410 | 0.0057192 | 0.0048347 | 0.0040733 | 0.0034213 | 0.0028655 | 0.0019951 53 
54 | 0.0064709 | 0.0054691 | 0.0046052 | 0.0038644 | 0.0032325 | 0.0026960 | 0.0018611 54 
55 | 0.0062132 | 0.0052312 | 0.0043875 | 0. 0036669 ; 0.0030546 | 0.0025370 | 0.0017363 55 

56 | 0.0059673 | 0.0050049 | 0.0041811 | 0.0034801 | 0.0028870 | 0.0023877 | 0. 0016201 56 
57 | 0.0057325 | 0.0047893 | 0.0039851 | 0. 0033034 | 0.0027290 | 0.0022474 | 0.0015118 57 
58 | 0.0055081 | 0.0045840 | 0.0037990 | 0.0031363 | 0.0025801 | 0.0021157 | 0.0014109 58 
59 | 0.0052937 | 0.0043884 | 0.0036222 | 0.0029780 | 0.0024396 | 0.0019920 | 0.0013169 59 

0. 0050886 | 0.0042019 ; 0.0034543 | 0.0028282 ; 0.0023071 | 0.0018757 | 0.0012292 60 

- 0113347 | 0.0102729 | 0.0084081 33 
- 0106296 | 0.0095984 | 0. 0077967 34 
- 0099749 | 0.0089739 | 0.0072340 

. 0093664 | 0.0083948 | 0.0067153 | 36 
- 0087999 | 0.0078574 | 0.0062369 37 
- 0082722 | 0.0073581 | 0.0057951 
-0077799 | 0.0068938 | 0. 0053865 39 
- 0073203 | 0.0064615 | 0.0050091 | 40 

- 0068909 | 0.0060589 | 0.0046596 

oo or 

wo io.) 

Vieira 316%. 4%. 414%. a yA, 514%. 6%. we Years. 

1 | 1.0000000 1. 0000000. 1. 0000000 1. 0000000 1. 0000000 1. 0000000 1. 0000000 1 
2 | 0. 4914005 0. 4901961 0. 4889976 0. 4878049 | 0.4866180 | 0.4854369 | 0. 4830918 2 
3 | 0.3219342 | 0.3203485 0. 3187734 0. 3172086 | 0.3150541 0. 3141098 | 0.3110517 3 
4 | 0. 2372511 0. 2354901 0. 2337437 | 0.2320118 | 0. 2302945 0. 2285915 0. 2252281 4 
5 | 0.1864814 | 0.1846271 | 0. 1827916 0. 1809748 | 0. 1791764 0. 1773964 0. 1738907 5 

6 | 0.1526682 | 0.1507619 | 0. 1488784 0. 1470175 0.1451790 | 0.1433626 | 0. 1397958 6 
7 | 0.1285445 | 0.1266096 | 0.1247015 0. 1228198 | 0. 1209644 0.1191350 | 0. 1155532 7 
8 | 0.1104767 | 0.1085278 | 0. 1066097 0. 1047218 | 0. 1028640 | 0.1010359 | 0.0974678 8 
9 | 0.0964460 | 0.0944930 | 0.0925745 0. 0906901 0. 0888395 0.0870222 | 0.0834865 9 

10 | 0.0852414 | 0.0832909 | 0.0813788 | 0.0795046 0.0776678 | 0.0758680 | 0.0723775 10 

11 | 0.07€0920 | 0.0741490 | 0.072242 0. 0703889 0. 0685707 0. 0667929 | 0. 0633569 11 
12 | 0.0684840 | 0. 0665522 0. 0646662 | 0. 0628254 0.0610292 | 0.0592770 | 0.0559020 12 
13 | 0.0620616 | 0.0601437 0. 0582754 0. 0564558 | 0. 0546843 0. 0529601 0. 0496509 13 
14 | 0. 0565707 0. 0546690 0.0528263 | 0.0510240 | 0.0492791 0.0475849 | 0.0443449 14 
15 | 0.0518251 0.0499411 0.0481138 | C. 0463423 0. 0446256 | 0.0429628 | 0.0397946 15 

16 | 0.0476848 | 0.0458200 | 0.9440154 0. 0422699 | 0.0405825 0. 0389521 0. 0358577 16 
17 | 0. 0440431 0. 0421985 0. 0404176 0. 0386991 0.0370420 | 0.0354448 | 0.0324252 17 
18 | 0.04081€8 0. 0389933 0. 0372369 | 0. 0355462 0.0339199 | 0.0323565 0. 0294126 18 
19 | 0.0379403 | 0.0361386 0. 0344073 0. 0327450 | 0.0311501 0. 0296209 0. 0267530 19 
20 | 0.0353611 0. 0335818 | 0.0318761 0. 0302426 0. 9286793 0. 0271846 0. 0243929 20 

21 | 0.0330366 | 0.0312801 0. 0296006 0. 0279961 0. 0264548 | 0.0250046 0. 0222890 21 
22 | 0.0309321 0.0291988 | 0.0275457 | 0.0259705 0.0244712 | 0.0230456 0. 0204058 22 
23 | 0.0290188 | 0.0273091 0. 0256825 0.0241368 | G.0226696 | 0.0212785 0. 0187139 23 
24 } 0.0272728 0. 0255868 | 0.0239870 | 0.0224709 0.0210358 | 0.0196790 | 0.0171890 24 
25 | 0.0256740 | 0.0240120 0. 0224390 | 0. 0209525 0. 0195494 0. 0182267 0.0158105 25 

26 | 0.0242054 0. 0225674 | 0.0210214 | 0.0195643 0. 0181931 0. 0169044 0. 0145610 26 
27 | 0.0228524 0. 0212385 0. 0197195 0.0182919 | 0.0169523 0.0156972 | 0.0134257 27 
28 | 0.0216027 | 0.0200130 | 0.0185208 | 0.0171225 0. 0158144 0. 0145926 0. 0123919 28 
29 | 0.0204454 | 0.0188799 | 0.0174146 | 0.0160455 0.0147686 | 0.0135796 0. 0114487 29 
30 | 0.0193713 | 0.0178301 0..0163915 0. 0150514 0.0138054 | 0.0126489 0. 0105864 30 

31 | 0.0183724 | 0.0168554 | 0.0154435 | 0.0141321 0. 0129167 0.0117922 | 0.0097969 31 
32 | 0.0174415 0. 0159486 0.0145632 | 0.0132804 | 0.0120952 0. 0110023 0. 0090729 32 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

1 
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TaBLeE 34.—The present value of 1 due in n years. 

= (1+4)—". 

Years.| 114%. 134%. 2%. 214%. 216%. 234%. a4. Years. 

1 0. 9852217 0.9828010 | 0. 9803922 0.9779951 0.9756098 | 0.9732360 | 0.9708738 Al 
2) 0.9706618 | 0.9658978 | 0. 9611688 0. 9564744 | 0.9518144 | 0.9471883 | 0. 9425959 2 
3 | 0.9563170 | 0. 9492853 0. 9423223 0. 9354273 0. 9285994 | 0.9218878 | 0.9151417 3 
4} 0.9421842 0. 9329585 0. 9238454 0. 9148434 0.9059506 | 0.8971657 | 0. 8884871 4 
5 0. 9282603 0. 9169125 0. 9057308 | 0. 8947123 0. 8838543 0. 8731540 | 0. 8626088 5 

6 0. 9145422 0. 9011425 0. 8879714 0. 8750243 0. 8622969 | 0.8497849 | 0.8374843 6 
7} 0.9010268 | 0.8856438 | 0. 8705602 0. 8557695 0. 8412652 | 0.8270413 | 0.8130915 ul 
8 | 0.8877111 0.8704116 | 0.8534904 | 0.8369384 ; 0.8207466 | 0.8049064 | 0. 7894092 8 
9} 0.8745922 0. 8554414 | 0. 8367553 0. 8185216 | 0.8007284 | 0. 7833639 0. 7664167 9 

10 | 0.8616672 | 0. 8407286 0. 8203483 0. 8005101 0. 7811984 | 0. 7623979 | 0.7440939 10 

11 Q. 8489332 | 0. 8262689 0. 8042630 | 0.7828950 | 0.7621448 | 0.7419931 | 0. 7224213 11 
12 | 0.8363874 | 0.8120579 | 0.7884932 | U.7656675 | 0.7435559 | 0. 7221344 | 0.7013799 12 
13 | ©.S240270 | 0.7989913 0. 7730325 0. 7488191 0. 7254204 | 0.7028072 | 0.6809513 13 
14 {| 0.8118493 0. 7843649 | 0. 7578750 0. 7323414 | 0.7077272 | 0.6839973 | 0.6611178 | 14 
15 0. 7998515 0.7708746 | 0. 7430147 0. 7162263 0.6904656 | 0.6656908 | 0. 6418620 15 

16 | 0.7880310 | 0. 7576163 0. 7284458 | 0.7004658 | 0.6736249 | 0.6478742 | 0.6231669 16 
| 17 0. 7763853 0. 7445861 0. 7141626 0. 6850521 0. 6571951 0. 6305345 | 0. 6050165 17 

18 0. 7649116 | 0.7317799 | 0. 7001594 0. 6699776 0.6411659 | 0. 6136589 0. 5873946 18 
19 0. 7536075 0.7191940 | 0.6864308 0. 6552348 0.6255277 | 0.5972350 | 0.5702860 19 
20 | 0. 7424704 | 0.7068246 | 0.6729713 0. 6408165 0.6102709 | 0.5812506 | 0.5536758 20 

21 0. 7314980 | 0.6946679 | 0.6597758 0.62A7154 | 0.5953863 | 0.5656940 | 0.5375493 21 
22 0.7206876 | 0.6827203 0.6468390 | 0.6129246 | 0.5808647 | 0.5505538 | 0.5218925 | 22 
23 0. 7100371 0. 6709782 | 0.6341559 | 0.5994372 0.5666972 | 0.5358187 | 0.5066918 23 
24 0. 6995439 | 0.6594380 | 0. 6217215 0.5862467 | 0.5528754 | 0. 5214781 0. 4919337 24 
25 0.6892058 | 0.6480963 | 0. 6095309 0.5733464 | 0.5393906 | 0. 5075213 0. 4776056 25 

26 | 0.6790205 | 0.6369497 | 0.5975793 | 0.5607300 | 0.5262347 | 0.4939380 | 0.4636947 26 
27 0. 6689857 | 0. 6259948 0. 5858620 | 0.5483912 0.5133997 | 0.4807182 | 0. 4501891 27 
28 | 0.6590993 | 0.6152283 | 0.5743746 0. 5363239 0.5008778 | 0.4678523 | 0.4370768 28 
29 | 0.6493589 | 0.6046470 | 0.5631123 0. 5245221 0.4886613 | 0.4553307 | 0. 4243464 29 
30 | 0.6397624 | 0.5942476 | 0.5520709 | 0.5129801 | 0.4767427 | 0.4431442 | 0.4119868 30 

al 0. 6303078 | 0.5840272 | 0.5412460 | 0.5016920 | 0.4651148 | 0.4312839 | 0.3999872 31 
32 | 0.6209929 | 0.5739825 0. 5306333, 0. 4906523 0.4537706 | 0.4197410 | 0.3883370 32 
33 0. 6118157 0. 5641105 0.5202287 | 0.4798556 | 0.4427030 | 0. 4085071 0. 3770263 33 
34 | 0.6027741 0.5544084 | 0.5100282 0. 4692964 0. 4319053 | 0.3975738 | 0.3660449 34 
35 0. 5938661 0. 5448731 0.5000276 | 0. 4589696 0. 4213711 0. 3869331 | 0.3553834 35 

36 | 0.5850897 0. 5355018 0. 4902232 | 0.4488700 | 0.4110937 | 0.3765773 0. 3450324 36 
37 0. 5764431 0.5262917 | 0.4806109 0.4389927 | 0.4010671 0. 3664986 | 0.3349829 37 
38 | 0.5679242 0.5172400 | 0.4711872 | 0.4293327 | 0.3912849 | 0. 3566896 | 0.3252262 38 

j 39 0. 5595313 0. 5083440 | 0.4619482 ; 0.4198853 0. 3817414 | 0.3471432 ; 0.3157536 39 
| 40 | 0.5512623 0.4996010 | 0.4528904 | 0.4106458 | 0.3724306 | 0.3378522 | 0.3065568 AO 

41 0.5431156 | 0.4910083 0.4440102 | 0.4016095 0.3633470 | 0.3288100 | 0.2976280 41 
42 | 0.5350893 0. 4825635 0. 4353041 0. 3927722 0.3544848 | 0.3200097 | 0.2889592 42 
43 0. 5271815 0. 4742639 | 0.4267688 | 0.3841293 0.3458389 | 0.3114450 | 0.2805429 43 
44 | 0.5193907 | 0.4661070 | 0. 4184007 0.3756765 0.3374038 | 0.3031094 | 0.2723718 44 
45 | 0.5117149 | 0.4580904 | 0.4101968 | 0.3674098 | 0.3291744 | 0.2949970 | 0.2644386 45 

46 | 0.5041527 | 0.4502117 | 0.4021537 | 0.3593250 | 0.3211458 | 0.2871017 | 0.2567365 46 
47 | 0.4967021 0. 4424685 0.3942684 | 0.3514181 0.3133129 | 0.2794177 | 0.2492588 AT 
48 | 0.4893617 | 0.4348585 0. 3865376 0. 3436852 0. 3056712 | 0.2719394 | 0.2419988 48 
49 | 0.4821298 | 0.4273793 0.3789584 | 0.3361224 | 0.2982158 | 0. 2646612 | 0. 2349503 49 
50 | 0.4750047 | 0.4200288 | 0.3715279 | 0.3287261 | 0.2909422 | 0.2575778 | 0.2281071 50 

51 0. 4679849 | 0.4128048 | 0.3642430 | 0.3214925 0. 2838461 | 0. 2506840 | 0. 2214632 51 
52 | 0.4610689 | 0.4057049 | 0.3571010 | 0.3144181 0. 2769230 | 0.2439747 | 0. 2150128 52 
53 0. 4542551 0. 3987272 0. 3500990 | 0.3074994 | 0.2701688 | 0. 2374450 | 0. 2087503 53 
54 0. 4475419 0. 3918695 0. 3432343 0. 3007329 | 0. 2635793 0. 2310900 | 0. 2026702 54 
55 0. 4409280 | 0.3851297 0. 8365043 6. 2941153 0. 2571505 | 0. 2249051 0. 1967672 55 

56 | 0.4344118 | 0.3785059 | 0.3299061 0. 2876433 | 0.2508786 | 0. 2188858 | 0. 1910361 56 
57 0. 4279919 0. 3719959 0. 3234374 0. 2813137 0. 2447596 | 0. 2130275 | 0. 1854719 7 
58 | 0.4216669 | 0.3655980 0. 3170955 0. 2751235 0. 2387898 | 0. 2073260 | 0.1800698 58 
59 | 0.4154354 | 0.3593100 | 0.3108779 | 0. 2690694 0. 2329657 | 0.2017772 | 0.1748251 59 
60 | 0.4092960 | 0.3531303 0. 3047823 0. 2631486 | 0.2272836 | 0.1963768 | 0. 1697331 60 



HIGHWAY BONDS. 

TaBLE 34.—The present value of 1 due in n years—Continued. 

Years. 

ra SCOOND OhWNHe 

ee Nr 

a nn 

| 

gn GEER 

3%. 4%. AM%. 

0.9661836 | 0.9615385 | 0.9569378 
0.9335107 | 0.9245562 | 0.9157300 
0.9019427 | 0.8889964 | 0.8762966 
0. 8714422 | 0.8548042 | 0.8385613 
0.8419732 | 0.8219271 | 0.8024511 

0. 8135006 | 0.7903145 | 0.7678957 
0. 7859910 | 0.7599178 | 0. 7348285 
0. 7594116 | 0.7306902 | 0. 7031851 
0. 7337310 | 0.7025867 | 0.6729044 
0. 7089188 | 0.6755642 | 0.5439277 

0. 6849457 | 0.6495809 | 0.6161987 
0.6617833 | 0.6245971 | 0.5896639 
0.6394042 | 0.6005741 | 0.5642716 
0.6177818 | 0.5774751 | 0.5399729 
0.5968906 | 0.5552645 | 0.5167204 

0.5767059 | 0.5339082 | 0. 4944693 
0.5572038 | 0.5133733 | 0.4731764 
0. 5383611 | 0.4936281 | 0. 4528004 
0.5201557 | 0.4746424 | 0.4333018 
0.5025659 | 0.4563870 | 0. 4146429 

0.4855709 | 0.4388336 | 0.3967874 
0.4691506 | 0.4219554 | 0.3797009 
0. 4532856 | 0.4057263 | 0.3633501 
0. 4379571 | 0.3901215 | 0.3477035 
0.4231470 | 0.3751168 | 0.3327306 

0. 4088377 | 0.3606892 | 0.3184025 
0.3950122 | 0.3468166 | 0.3046914 
0.3816543 | 0.3334775 | 0.2915707 
0. 3687482 | 0.3206514 | 0.2790150 
0.3562784 | 0.3083187 | 0.2670000 

0. 3442304 | 0.2964603 | 0.2555024 
0. 3325897 | 0.2850579 | 0.2444999 
0.3213427 | 0.2740942 | 0.2339712 
0.3104761 | 0.2635521 | 0.2238959 
0.2999769 | 0.2534155 | 0: 2142544 

0. 2898327 | 0.2436687 | 0.2050282 
0. 2800316 | 0.2342969 | 0.1961992 
0.2705619 | 0.2252854 | 0.1877504 
0. 2614125 | 0.2166206 | 0.1796655 
0. 2525725 | 0.2082890 | 0.1719287 

0. 2440314 | 0. 2002779 | 0.1645251 
0.2357791 | 0.1925749 | 0.1574403 
0. 2278059 | 0.1851682 | 0.1506605 
0. 2201023 | 0.1780464 | 0.1441728 
0. 2126592 | 0.1711984 | 0.1379644 

0. 2054679 | 0.1646139 | 0.1320233 
0.1985197 | 0.1582826 | 0.1263381 
0.1918065 | 0.1521948 | 0.1208977 
0.1853202 | 0.1463411 | 0.1156916 
0.1790534 | 0.1407126 | 0.1107097 

0.1729984 | 0.1353006 | 0.1059423 
0.1671482 | 0.1300967 | 0.1013801 
0.1614959 | 0.1250930 | 0.0970145 
0.1560347 | 0.1202817 | 0.0928368 
0.1507581 | 0.1156555 | 0.0888391 

0.1456600 | 0.1112072 | 0.0850135 
0. 1407343 | 0.1069300 | 0.0813526 
0.1359752 | 0.1028173 | 0.0778494 
0.1313770 | 0.0988628 | 0.0744970 
0.1269343 | 0.0950604 | 0.0712890 

1238 

De 54%. 6%. Wien [aes 

0. 9523810 0. 9478673 0. 9433962 0. 9345794 1b 2 
0. 9070295 0). 8984524 0. 8899964 0. 8734387 2 
0. 8638376 0. 8516137 0. 8396193 0. 8162979 By | 
0.8227025 | 0.8072167 | 0.7920937 | 0.7628952 4 
0. 7835262 | 0. 7651344 0. 7472582 | 0. 7129862 5 

0. 7462154 0. 7252458 0. 7049605 0. 6663422 6 
0. 7106813 0. 6874368 0.6650571 0. 6227497 ‘te 
0. 6768394 0. 6515989 0. 6274124 0. 5820091 8 | 
0. 6446089 0. 6176293 0. 5918985 0. 5439337 9 
0. 6139133 0.5854306 | 0.5583948 | 0.5083493 10 | 

0. 5846793 0.5549105 0. 5267875 6. 4750928 11 
0. 5568374 0.5259815 0. 4969694 0. 4440120 12 
0. 5303214 0. 4985607 0. 4688390 0. 4149645 13 
0. 5050680 0. 4725694 0. 4423010 0. 38878172 14 
0. 4810171 0. 4479331 0. 4172651 0. 3624460 15 

0. 4581115 0. 4245811 0. 3936463 0. 3387346 16 
0. 4362967 0. 4024465 0. 3713644 0. 3165744 17 
0. 4155207 0. 3814659 0. 3503438 0. 2958639 18 
0. 3957340 0. 3615791 0. 3305130 0. 2765083 19 
0. 3768895 0. 3427290 0. 3118047 0. 2584190 20 

0. 3589424 0. 3248616 0. 2941554 0. 2415131 21 
0. 3418499 0. 3079257 0. 2775051 0. 2257132 22 

0. 3255713 0. 2918727 0. 2617973 0. 2109469 23 
0. 3100679 0. 2766566 0. 2459786 0. 1971466 24 
0. 2953028 0. 2622337 0. 2329986 0. 1842492 25; 

0.2812407 | 0.2485628 | 0.2198100 | 0.1721955 26 
0. 2678483 0. 2356045 0. 2073680 0. 1609304 27 
0. 2550936 0. 2233218 0.195€301 0. 1504022 28 
0. 2429463 | 0.2116794 0.1845567 | 0.1405628 29 
0. 2313775 0. 2006440 0.1741101 0. 1313671 30 

0. 2203595 0. 1901839 0. 1642548 0. 1227730 31 
0. 2098662 0. 1802691 0. 1549574 0. 1147411 32 
0. 1998725 0. 1708712 0. 1461862 0. 1072347 33 
0. 1903548 0. 1619632 0. 1379115 0. 1002193 34 
0. 1812903 | 0.1535196 | 0.1301052 | 0.0936629 35 

0. 1726574 0.1455162 | 0.1227408 | 0.0875355 36 
0. 1644356 | 0.1379301 | 0.1157932 | 0.0818088 7 
0.1566054 | 0.1307394 | 0.1092389 | 0.0764569 38 
0. 1491480 0. 1239236 0.1030555 0.0714550 39 
0.1420457 | 0.1174631 0.0972222 | 0.0667804 40 

0.1352816 | 0.1113395 | 0.0917191 | 0.0624116 41 
0. 1288396 0-1055350 0. 0865274 0. 0583286 42 
0. 1227044 0. 1000332 0. 0816296 0. 0545127 43 
0.1168613 0.0948182 0.0770091 0. 0509464 44 
0.1112965 0. 0898751 0.0726501 0. 0476135 45 

0.1059967 | 0.0851897 | 0.0685378 | 0.0444986 46 
0. 1009492 0. 0807485 0. 0646583 0.0415875 47 
0.0961421 0. 0765389 0. 0609984 0. 0388668 48 
0.0915639 0. 0725487 0. 0575457 0. 0363241 49 
0.0872037 | 0.0687665 | 0.0542884 0. 0339478 50 

0.0830512 0.0651815 0.0512154 0. 0317269 51 
0. 0790964 0. 0617834 0. 0483165 0. 0296513 52 
0. 0753299 0.0585625 0.0455816 0. 0277115 53 
0. 0717427 0.0555095 0.0430015 0. 0258986 54 
0.0683264 | 0.0526156 | 0.0405674 0. 0242043 55 

0.0650728 | 0.0498726 | 0.0382712 | 0.0226208 56 
0.0619741 0. 0472726 0. 0361049 0. 0211410 57 
0. 0590229 0. 0448082 0. 0340612 0.0197579 58 
0. 0562123 0. 0424722 0. 0321332 0.0184653 59 
0.0535355 0. 0402580 0. 0303143 0. 0172573 60 
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TABLE 35.—The present value of an annuity of 1 for n years. 

T—a 

a; = 7 n| i 

Years.| 114%. 134%. 2h: 24% 214%, 234%. BA Years. 

1 0. 9852217 0. 9828010 0. 9803922 0. 9779951 0. 9756098 0. 9732360 0. 9708738 | 1 
2 1. 9558834 1. 9486988 1. 9415609 1. 9344696 1. 9274242 1. 9204243 1. 9134697 | 2 

3 2. 9122004 2. 8979840 2. 88388833 2. 8698969 2. 8560236 2. 8422621 2. 8286114 3 
4 3. 8543847 3. 8309425 3. 8077287 3. 7847402 3. 7619742 3. 7394279 3. 7170984 4 
i) 4. 7826450 4. 7478551 4. 7134595 4. 6794525 4. 6458285 4. 6125819 4.5797072 5 

6 5. 6971872 5. 6489976 5. 6014309 5. 5544768 5. 5081254 5. 4623668 5. 4171914 6 
if 6. 5982140 6. 5346414 6. 4719911 6. 41024638-} 6. 3493906 6. 2894081 6. 23028380 7 
8 7. 4859251 7. 4050530 7.3254814 7. 2471846 7.1701372 7. 0943144 7. 0196922 8 
9 8. 3605173 8. 2604943 8. 1622367 8. 0657062 7. 9708655 7. 8776783 7. 7861089 9 

10 9. 2221846 9. 1012229 | 8. 9825850 8. 8662164 8. 7520639 8. 6400762 8. 53802028 10 

11 | 10.0711178 9. 9274918 9. 7868481 9. 6491113 9. 5142087 9. 3820693 | 9. 2526241 11 
12 | 10. 9075052 | 10. 7395497 | 10.5753412 | 10. 4147788 | 10. 2577646 | 10. 1042037 9. 9540040 12 
13 | 11. 7315322 | 11.5376410 | 11.3483738 | 11. 1635979 | 10. 9831850 | 10. 8070109 | 10. 6349553 13 
14 | 12.5433815 | 12.3220059 | 12. 1062488 | 11. 8959392 | 11.6909122 | 11. 4910081 | 11. 2960731 14 
15 | 18. 3432330 | 13.0928805 | 12. 8492635 | 12.6121655 | 12.3813777 | 12. 1566989 | 11. 9379351 15 

16 | 14.1312641 | 13.8504968 | 13.5777093 | 13.3126313 | 13.0550027 | 12. 8045722 | 12. 5611020 16 
17 | 14. 9076493 | 14. 5950828 | 14. 2918719 | 13. 9976834 | 13. 7121977 | 13.4351077 | 13. 1661185 aif 
18 | 15.6725609 | 15. 3268627 | 14.9920313 | 14.6676611 | 14. 3533636 | 14. 0487666 | 13. 7535131 18 
19 | 16. 4261684 | 16.0460567 | 15. 6784620 | 15. 3228959 | 14.9788913 | 14.6460016 | 14.3237991 19 
20 ; 17. 1686388 | 16. 7528813 |; 16. 3514333 | 15. 9637124 | 15. 5891623 ; 15. 2272521 | 14. 8774749 20 

21 | 17.9001367 | 17. 4475492 | 17.0112092 | 16.5904278 | 16.1845486 | 15. 7929461 | 15. 4150241 21 
22 | 18. 6208244 | 18. 1302695 | 17. 6580482 | 17. 2033523 | 16. 7654132 | 16. 3434999 | 15. 9369166 22 
23 | 19.3308615 | 18. 8012476 | 18. 2922041 | 17. 8027896 | 17.3321105 | 16. 8793186 | 16. 4436084 23 
24 | 20.0304054 | 19. 4606857 | 18. 9139256 | 18. 3890362 | 17. 8849858 | 17.4007967 | 16. 9355421 24 
25 | 20. 7196112 | 20.1087820 | 19. 5234565 | 18. 9623826 | 18. 4243764 | 17.9083180 | 17. 4131477 25 

26 | 21.3986317 | 20. 7457317 | 20.12103858 | 19.5231126 | 18.9506111 | 18. 4022559 | 17. 8768424 26 
27 | 22. 0676175 | 21.3717264 | 20. 7068978 | 20.0715038 | 19. 4640109 | 18. 8829741 | 18.3270315 27 
28 | 22. 7267167 | 21.9869547 | 21. 2812724 | 20. 6078276 |. 19. 9648887 | 19. 3508264 | 18. 7641082 28 
29 | 23.3760756 | 22.5916017 | 21. 8443847 | 21. 1323498 | 20. 4535499 | 19.8061571 | 19. 1884546 29 
30 | 24. 0158380 | 23. 1858493 | 22. 3964556 | 21. 6453299 | 20. 9302926 | 20. 2493013 | 19. 6004414 30 

31 | 24. 6461458 | 23. 7698765 | 22.9377015 | 22.1470219 | 21. 3954074 | 20. 6805852 | 20. 0004285 31 
32 | 25. 2671387 | 24.3438590 | 23. 4683348 | 22. 6376742 | 21. 8491780 | 21. 1003262 | 20. 3887655 32 
33 | 25. 8789544 | 24. 9079695 | 23. 9885636 | 23.1175298 | 22. 2918809 | 21. 5088333 | 20. 7657918 33 
34 | 26. 4817285 | 25. 4623779 | 24. 4985917 | 23.5868262 | 22. 7237863 | 21.9064071 | 21. 1318367 34 
35 | 27.0755946 | 26.0072510 | 24. 9986193 | 24. 0457958 | 23..1451573 | 22. 2933403 | 21. 4872201 35 

36 | 27. 6606843 | 26. 5427528 | 25. 4888425 | 24. 4946658 | 23. 5562511 | 22.6699175 | 21. 8322525 36 
37 | 28. 2371274 | 27.0690446 | 25. 9694534 | 24. 9336585 | 23.9573181 | 23. 0364161 | 22. 1672354 37 
38 | 28. 8050516 | 27. 5862846 | 26. 4406406 | 25.3629912 | 24. 3486030 | 23. 3931057 | 22. 4924616 38 
89 | 29. 3645829 | 28. 0946286 | 26.9025888 | 25. 7828765 | 24. 7303444 | 23. 7402488 | 22. 8082151 39 
40 | 29.9158452 | 28. 5942296 | 27. 3554792 | 26. 1935222 | 25.1027751 | 24.0781011 | 23. 1147720 40 

41 | 30. 4589608 | 29. 0852379 | 27. 7994895 | 26.5951317 | 25. 4661220 | 24. 4069110 | 23. 4124000 41 
42 | 30.9940500 | 29. 5678014 | 28. 2347936 | 26. 9879039 | 25. 8206068 | 24. 7269207 | 23. 7013592 42 
43 | 31.5212316 | 30. 0420652 | 28. 6615623 | 27.3720332 | 26. 1664457 | 25. 0383656 | 23.9819021 43 
44 | 32. 0406222 | 30. 5081722 | 29.0799631 | 27. 7477097 | 26.5038495 | 25. 3414751 | 24. 2542739 44 

45 | 32.5523372 | 30. 9662626 | 29. 4901599 | 28. 1151195 | 26. 8330239 | 25. 6364721 | 24.5187125 45 

46 | 33.0564898 | 31. 4164743 | 29. 8923136 | 28.4744445 | 27.1541696 | 25. 9235738 | 24. 7754491 46 
47 | 33.5531920 | 31. 8589428 | 30. 2865820 | 28. 8258626 | 27. 4674826 | 26. 2029915 | 25.0247078 47 
48 | 34. 0425537 | 32. 2938018 | 30. 6731196 | 29. 1695478 | 27.7731537 | 26.4749309 | 25. 2667066 48 
49 | 34.5246834 | 32. 7211806 | 31.0520780 | 29.5056702 | 28.0713695 | 26. 7395922 | 25. 5016569 49 
50 | 34.9996881 | 33. 1412095 | 31. 4236059 | 29. 8343963 | 28. 3623117 | 26.9971700 | 25. 7297640 50 

51 | 35. 4676730 | 33. 5540142 | 31. 7878489 | 30. 1558888 | 28.6461577 | 27. 2478540 | 25. 9512272 51 
52 | 35. 9287419 | 33. 9597191 | 32. 1449499 | 30. 4703069 | 28. 9230807 | 27. 4918287 | 26. 1662400 52 
53 | 36. 3829969 | 34. 3584463 | 32. 4950489 | 30. 7778062 | 29. 1932495 | 27. 7292737 | 26.3749903 53 
54 | 36. 8305388 | 34. 7503158 | 32. 8382833 | 31.0785391 | 29. 4568288 | 27. 9603637 | 26. 5776605 54 
55 | 37. 2714668 | 35. 1354455 | 33.1747875 | 31.3726544 | 29. 7139793 | 28. 1852688 | 26. 7744276 ‘OD 

56 | 37. 7058786 | 35.5139514 | 33. 5046937 | 31. 6602977 | 29. 9648578 | 28. 4041545 | 26. 9654637 56 
57 | 38. 1338706 | 35. 8859473 | 33. 8281310 | 31. 9416114 | 30. 2096174 | 28. 6171820 | 27. 1509357 57 
58 | 38.5555375 | 36. 2515452 | 34. 1452265 | 32. 2167349 | 30. 4484072 | 28. 8245081 | 27.3310055 58 
59 | 38.9709729 | 36. 6108553 | 34. 4561044 | 32. 4858043 | 30. 6813729 | 29.0262852 | 27. 5058306 59 
60 | 39. 3802689 | 36. 9639855 | 34. 7608867 | 32. 7489529 | 30. 9086565 | 29, 2226620 | 27. 6755637 60 



TABLE 35.—The present value of an annuity of 1 for n years—Continued. 

HIGHWAY BONDS. 125 

1-7” 
Cn age 

Years.| 314%. 4%. 416%. BY. 516%. 6%. | Woe Years. 

1 0. 9661836 | 0.9615385 | 0.9569378 | 0.9523810 | 0. 9478673 0. 9433962 0. 9345794 1 
2 1. 8996943 1. 8860947 1. 8726678 1. 8594104 1. 8463197 1. 8333927 1. 8080182 2 
3 | 2.8016370 | 2.7750910 | 2.7489644 | 2.7232480 | 2.6979334 2.6730120 | 2.6243160 3 
4 3. 6730792 3. 6298952 3. 5875257 3. 5459505 3. 5051501 3.4651056 | 3.3872113 4 
5 4. 5150524 4, 4518223 4, 3899767 4. 3294767 4, 2702845 4, 2123638 4. 1001974 5 

6 | 5.3285530 | 5.2421369 5. 1578725 5.07569 3 4, 9955303 4, 9173243 4. 7665397 6 
7 | 6.1145440 |} 6.0020547 5. 8927009 5. 7863731 5. 6829671 5. 5823814 5. 3892894 7 
8 6. 8739555 6. 7327449 6.5958861 | 6.4632128 | 6.3345660 | 6.2097938 | 5.9712985 8 
9 | 7.6076865 | 7. 4853316 7. 2687905 7. 1078217 6.9521953 | 6. 8016923 6. 5152323 9 

10 | 8.3166053 | 8.1108958 | 7.9127182 7. 7217349 7. 5376258 7. 3600871 7. 0235816 10 

11 | 9.0015510 | 8. 7604767 | 8.5289169 | 8.3064142 | 8. 0925363 | 7.8868746 | 7. 4986744 11 
12 | 9. 6633343 | 9.3850738 | 9.1185808 | 8. 8632516 | 8. 6185179 8. 3838439 7. 9426863 12 
13 | 10.3027385 | 9.9856479 | 9. 6828524 9. 3935730 | 9. 1170785 8. 8526830 8. 3576508 13 
14 | 10. 9205203 | 10. 5631229 | 10. 2228253 | 9. 8986409 9. 5896479 | 9. 2949839 8. 7454680 14 
15 | 11.5174109 | 11. 1183874 | 10. 7395457 | 10.3796580 | 10.0375809 | 9. 7122490 9. 1079140 15 

16 | 12.0941168 | 11. 6522956 | 11.2340151 | 10. 8377696 | 10. 4621620 | 10.1058953 | 9. 4466486 16 
17 | 12. 6513206 | 12. 1656689 | 11. 7071914 | 11. 2740663 | 10. 8646086 | 10. 4772597 9. 7632230 17 
18 | 13. 1896817 | 12. 6592970 | 12. 1599918 | 11. 6895869 | 11. 2460745 | 10. 8276035 | 10. 0590869 18 
19 | 13. 7098374 | 13. 1339894 | 12.5932936 | 12.0853209 | 11. 6076535 | 11.1581165 | 10. 3355953 19 
20 | 14.2124033 | 13.5903263 | 13.0079365 | 12. 4622103 | 11. 9503825 ; 11. 4699212 | 10.5940143 20 

21 | 14. 6979742 | 14.0291600 | 13. 4047239 | 12.8211527 | 12.2752441 | 11. 7640766 | 10. 8355273 21 
22 | 15. 1671248 | 14.4511153 | 13. 7844248 | 13.1630026 | 12.5831697 | 12: 0415817 | 11. 0612405 22 
23 | 15. 6204105 | 14. 8568417 | 14. 1477749 | 18.4885739 | 12.8750424 | 12. 3033790 | 11.2721874 23 
24 | 16.0583676 | 15.2469631 | 14. 4954784 | 13. 7986418 | 13. 1516990 | 12.5503575 | 11. 4693340 24 
25 | 16. 4815146 | 15. 6220799 | 14.8282090 | 14.0939446 | 13. 4139327 | 12. 7833562 | 11. 6535832 25 

26 | 16. 8903523 | 15. 9827692 | 15. 1466115 | 14.3751853 | 13. 6624954 | 13. 0031662 | 11. 8257787 26 
27 | 17.2853645 | 16.3295858 | 15. 4513028 | 14. 6430336 | 13. 8980999 | 13. 2105341 | 11. 9867091 27 
28 | 17. 6670189 | 16. 6630632 | 15. 7428735 | 14.8981273 | 14.1214217 | 13. 4061643 ; 12. 1371113 28 
29 | 18.0357670 | 16.9837146 | 16.0218885 | 15. 1410736 | 14. 3331012 | 13.5907210 | 12.2776741 29 
30 | 18.3920454 | 17. 2920333 | 16. 2888885 | 15.3724510 | 14.5337452 | 13. 7648312 | 12. 4090412 30 

31 | 18. 7362758 | 17.5884936 | 16. 5443910 | 15. 5928105 | 14. 7239291 | 13.9290860 | 12. 5318142 31 
82 | 19.0688655 | 17.8735515 | 16. 7888909 | 15. 8026767 | 14.9041982 | 14. 0840434 | 12. 6465553 32 
33 | 19.3902082 | 18. 1476457 | 17. 0228621 | 16. 0025492 | 15.0750694 | 14. 2302296 | 12. 7537900 33 
34 | 19. 7006842 | 18. 4111978 | 17.2467580 | 16.1929040 | 15. 2370326 | 14.3681411 | 12. 8540094 34 
35 | 20.0006611 | 18. 6646132 | 17. 4610124 | 16.3741943 | 15. 3905522 | 14. 4982464 | 12. 9476723 35 

36 | 20. 2904988 | 18. 9082820 | 17. 6660406 | 16.5468517 | 15.5360684 | 14. 6209871 | 13. 0352078 36 
37 | 20.5705254 | 19. 1425788 | 17. 8622398 | 16. 7112873 | 15. 6739985 | 14. 7367803 | 13. 1170166 37 
38 | 20. 8410874 | 19. 3678642 | 18. 0499902 | 16.8678927 | 15. 8047379 | 14. 8460192 | 13. 1934735 38 
39 | 21. 1024999 | 19.5844848 | 18. 2296557 | 17.0170407 | 15.9286615 | 14. 9490747 | 13. 2649285 39 
40 | 21.3550723 | 19. 7927739 | 18. 4015844 | 17. 1590864 | 16. 0461247 | 15. 0462969 | 13. 3317089 40 

41 | 21.5991037 | 19. 9930518 | 18.5661095 | 17. 2943680 | 16. 1574642 | 15. 1380159 | 13. 3941204 41 
42 | 21. 8348828 | 20. 1856267 | 18. 7235498 | 17. 4232076 | 16. 2629992 | 15. 2245433 | 13. 4524490 42 
43 | 22.0626887 | 20.3707949 | 18. 8742103 | 17.5459120 | 16. 3630324 | 15.3061729 | 13. 5069617 43 
44 | 22. 2827910 | 20. 5488413 | 19.0183831 | 17. 6627733 | 16. 4578506 | 15.3831820 | 13. 5579081 44 
45 | 22. 4954503 | 20. 7200397 | 19. 1563474 | 17.7740698 | 16.5477257 | 15. 4558321 | 13. 6055216 45 

46 | 22. 7009181 | 20.8846536 | 19.2883707 | 17.8800665 | 16. 6329154 | 15.5243699 | 13. 6500202 46 
47 | 22. 8994378 | 21.0429361 | 19. 4147088 | 17.9810i157 | 16. 7136639 | 15. 5890282 | 13. 6916077 47 
48 | 23. 0912443 | 21.1951309 | 19.5356065 | 18.0771578 | 16. 7902027 | 15. 6500266 | 13. 7304744 48 
49 | 23.2765645 | 21.3414720 | 19. 6512981 | 18. 1687217 | 16. 8627514 | 15.7075723 | 13.7667986 49 
50 | 23. 4556179 | 21. 4821846 | 19. 7620078 | 18. 2559255 | 16.9315179 | 15.7618606 | 13.8007463 50 

51 | 23. 6286163 | 21. 6174852 | 19. 8679500 | 18. 3389766 | 16.9966994 | 15.8130761 | 13. 8324732 51 
52 | 23. 7957645 | 21. 7475819 | 19. 9693302 | 18. 4180730 | 17. 0584829 | 15. 8613925 | 13. 8621245 52 
53 23. 9572604 | 21. 8726749 | 20. 0663447 | 18. 4934028 | 17.1170454 | 15.9069741 | 13. 8898359 53 
54 | 24. 1132951 | 21. 9929567 | 20. 1591815 | 18.5651456 | 17. 1725549 | 15.9499755 | 13. 9157345 54 
05 | 24. 2640532 | 22. 1086122 | 20. 2480206 | 18. 6334720 | 17. 2251705 | 15.9905430 | 13. 9399388 55 

56 | 24. 4097133 | 22.2198194 | 20. 3330340 | 18. 6985447 | 17.2750431 | 16.0288141 | 13. 9625596 56 
57 | 24. 5504476 | 22.3267494 | 20. 4143866 | 18. 7605188 | 17.3223158 | 16. 0649190 | 13.9837006 57 
58 | 24. 6864228 | 22. 4295668 | 20. 4922360 | 18. 8195417 | 17. 3671239 | 16. 0989802 | 14. 0034585 58 
59 | 24.8177998 | 22. 5284296 | 20.5667330 | 18.8757540 | 17. 4095961 | 16. 1311134 | 14. 0219238 59 
60 | 24.9447341 | 22. 6234900 | 20. 6380220 | 18. 9292895 | 17. 4498542 | 16. 1614277 | 14. 0391812 60 
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TaBLE 36.—The annuity for n years which 1 will buy or the annuity needed to discharge 
a debt of 1 in n years with interest. 

is a 
i ‘tl a. ue 

Years.| 114%. 134%. 2%. 24%. 2%. RBG. |) BOF. Years. 

0200000 | 1.0225000 | 1.0250000 | 1.9275000 | 1.0300000 
5150495 | 6.5169376 | 0.5188272 - 5207183 | 0.5226108 

. 8467547 | 0.3484446 | 0.3501372 . 8918324 | 0. 3535304 
2626238 | 0. 2642189 | 0. 2658179 . 2674206 | 0. 2690271 
2121584 | 0. 2137002 | 0. 2152469 . 2167983 | 0. 2183546 

1785258 | 0. 1800350 | 
1545120 | 0. 1560003 
1365098 | 0. 1379846 
1225154 | 0. 1239817 
1113265 | 0. 1127877 

1..0150000 | 1.0175000 
0. 5112779 . 5131630 
0. 3433830 . 3450675 
0. 2594448 . 2610324 
0. 2090893 . 2106214 OR Whre 

. 1770226 
. 15303806 
. 1350429 
. 1210581 
. 1098754 

0. 1755252 6 
7 | 0.1515562 574954 . 1589975 | 0. 1605064 
8 
9 

0. 1335840 . 1409580 | 0. 1424564 
0. 1196098 254569 . 1269410 | 0. 1284339 

1 
0 2 
0 3 
0 4 
i} 5 

. 1815500 | 0.1880708 | 0. 1845975 6 
ma 0 7 
. 1394674 | 0. 8 
ie 0 7 
. 1142588 | 0 0 10 | 0. 1084342 - 1157397 | 0.1172805 1 

2 SSesS SSooH . 1051060 | 0. 1065863 | 09. 1080775 11 
. 0974871 | 0.989687 | 0. 1004621 12 
. 0910483 | 0.0925325 | 0. 0940295 13 
. 0855365 | 0.0870246 | 0. 0885263 14° 
. 0807665 | 0.0822592 | 0. 0837666 15 

. 0765990 | 0.0780971 | 0. 0796109 16 
0685162 | 0. 0699698 | 0. 0714404 . 0729278 | 0.0744319 | 0.0759525 17 

0 
0 
0 
0 
0 

11 | 0.0992938 . LOO7304 1021779 | 0. 1036365 | 0 
0. 
0 
0. 
0. 

0 
0 

0652449 | 0.0667021 | 0.0681772 | 0.0696701 | 0.0711806 | 0. 0727087 18 
0 
0. 

0. 
0 
0 
0. 
0} 

0 
0 
0 
0. 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
12 | 0.0916800 | 0.0931138 | 0.0945596 | 0. 0960174 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 

13 | 0.0852404 0866728 | 0. 0881184 | 0. 0895769 
14 | 0.0797283 
15 | 0.0749444 

0811556 | 0.0826020 | 0. 0840623 
0763774 | 0.0778255 | 0. 0792885 

16 | 0.0707651 0721996 | 0.0736501 | 0. 0751166 
| 17 | 0.0670797 

18 | 0.0638058 
19 | 0. 0608785 
20 | 0. 0582457 

. 0667606 | 0. 0682780 0. 0698139 19 
. 0641471 0. 0656717 0. 0672157 20 

. 0617873 | 0.0633194 | 0. 0648718 21 

. 0596466 | 0.0611864 | 0. 0627474 22 

. 0576964 | 0.0592441 | 0, 0608139 23 

.0559128 | 0.0574686 | 0. 0590474 24 

. 0542759 | 0.0558400 | 0. 0574279 25 

0623206 | 0.0637818 | 0. 0652618 
0596912 | 0.0611567 | 0. 0626421 

21 | 0.0558655 0573146 | 0.0587848 | 0. 0602757 
22 | 0. 0537033 0551564 | 0.0566314 | 0. 0581282 
23 | 0.0517308 | 0.0531880 | 0. 0546681 | 0. 0561710 
24 | 0.0499241 | 0.0513857 | 0.0528711 | 0. 0543802 
25 | 0.0482635 | 0.0497295 | 0.0512204 | 0. 0527360 

0527688 | 0.0543412 | 0,0559383 | 26 
. 0513769 | 0.0529578 | 0.0545642 | 27 
0500879 | 0.0516774 | 00532932 | 28 

29 | 0.0427788 ; 0.0442642 | 0.0457784 | 0.0473208 | 0.0488913 | 0.0504894 | (,0521147 | 29 
30 | 0.0416392 | 0. 0431298 | 0. 0446499 | 0.0461993 | 0.0477776 | 0.0493844 | 0.0510193 | 30 

26 | 0.0467320 | 0.0482027 | 0.0496992 | 0. 0512213 
27 | 0.0453153 | 0.0467908 | 0. 0482931 | 0. 0498219 
28 | 0.0440011 | 0.0454815 | 0.0469897 | 0. 0485253 

31 | 0.0405743 | 0.0420701 | 0. 0435963 | 0.0451528 | 0.0467390 | 0.0483545 | 0. 0499989 31 
32 | 0.0395771 | 0.0410781 | 0:0426106 | 0.0441742 | 0.0457683 | 0.0473926 | 0. 0490466 32 
33 | 0.0386414 | 0.0401478 | 0.0416865 | 0.0432572 | 0.0448594 | 0.0464925 | 0.0481561-| 33 
34 | 0.0377619 | 0.0392736 | 0.0408187 | 0.0423966 | 0.0440068 | 0.0456488 | 0. 6473220 34 
35 | 0.0369336 | 0.0384508 | 0.0400022 | 0.0415873 | 0.0432056 | 0.0448565 | 0. 0465393 35 

36 | 0.0361524 | 0.0376751 | 0.0392329 | 0.0408252 | 0.0424516 | 0.441113 | 0. 0458038 36 
37 | 0.0354144 | 0.0369426 | 0.0385068 | 0.0401064 | 0.0417409 | 0.0434095 | 0, 0451116 37 
38 | 0.0347161 | 0.0362499 | 0.0378206 | 0. 0394275 | 0.0410701 | 0.0427476 | 0. 0444593 38 
39 | 0.0340546 ; 0.0855940 | 0.0371711 | 0.0387854 | 0. 0404362 | 0.0421226 | 0. 0438439 39 
40 | 0.0334271 | 0.0349721 | 0.0365558 | 0.0381774 | 0.0398362 | 0.0415315 | 0, 0482624 40 

41 | 0.0328311 | 0. 0343817 | 0.0359719 | 0.0376009 | 0.0392679 | 0.0409720 | 0. 0427124 41 
42 | 0. 0322643 | 0.0338206 | 0.0354173 | 0. 0370536 |  0.0387288 | 0.0404418 | 0. 0421917 42 
43 | 0.0317247 | 0.0332867 | 0.0348899 | 0. 0365336 | 0.0382169 | 0.0399387 | 0. 0416981 43 
44 | 0.0312104 | 0.0327781 | 0.0343879 | 0. 0360390 | 0.0377304 | 0.0394610 | 0, 0412299 44 
45 | 0.0307198 | 0.0322932 | 0.0339096 | 0.0355681 | 0.0372675 | 0.0390069 | 0. 0407852 45 

46 | 0.0302512 | 0.0318304 | 0. 0334534 | 0.0351192 | 0.0368268 | 0.0385749 | 0. 0403625 46 
47 | 0.0298034 | 0.0313884 | 0.0330179 | 0. 0346911 | 0.0364067 | 9.0381636 | 0.0399605 47 
48 | 0.0293750 |} 0.0309657 | 0.0326018 | 0. 0342823 | 0. 0360060 | 0.0377716 | 0.0395778 48 
49 | 0.0289648 | 0.0305612 | 0.0322040 | 0.0338918 | 0.0356235 | 0.0373977 | 0. 0392131 49 
50 | 0.0285717 | 0.0301739 | 0.0318232 | 0. 0335184 | 0.0352581 | 0.0870409 | 0. 0388655 50 

51 | 0.0281947 | 0.0298027 | 0.0314586 | 0.0331610 | 0.0349087 | 0.0367001 | 0. 0385338 51 
52} 0.0278329 | 0.0294466 | 0.0311091 | 0.0328188 | 0.0345745 | 0.0363744 | 0. 0382172 52 
53 | 0.0274854 | 0.0291049 | 0.0307739 | 0.0324909 | 0.0342545 | 0.0360630 | 0. 0379147 53 
54 | 0.0271514 | 0.0287767 | 0.0304523 | 0.0321765 | 0.0339480 | 0.0357649 | 0. 0376256 54 
55 | 0.0268302 | 0.0284613 | 0.0301434 | 0.0318749 | 0.0336542 | 0.0354795 | 0. 0373491 55 

56 | 0.0265211 | 0.0281580 | 0. 0298466 | 0.0315853 | 0.0333724 | 0.0352061 | 0. 0370845 56 
57 | 0.0262234 | 0.0278661 | 0.0295612 | 0.0313071 | 0.0331020 | 0.0349440 | 0. 0368311 57 

| 58 | 0.0259366 | 0.0275850 | 0.0292867 | 0.0310398 | 0. 0328424 | 0.0346927 | 0.0365885 58 
59 | 0.0256601 | 0.0273143 | 0.0290224 | 0.0307827 | 0.0325931 | 0.0344515 | 0. 0363559 59 
60 | 0.0253934 | 0.0270534 | 0.0287680 | 0.0305353 | 0.0323534 | 0.0342200 | 0. 0361330 60 



HIGHWAY BONDS. LOT 

TABLE 36.—The annuity for n years which 1 will buy or the annuity needed to discharge 
a debt of 1 wn n years with interest—Continued. 

Ded 

Hn) 1—ar 

Years.| 314%. 4%. 416%. 5%. 51%. 6%: We Years. 

1 | 1.0350000 1. 0400000 1.0450000 | 1.0500000 | 1.0550000 | 1. 0600000 1.0700000 1 
2 | 0.5264005 | 0. 5301961 0. 5339976 | 0.5378049 | 0.5416180 | 0. 5454369 0. 5530918 2 
3 | 0.3569342 | 0.3603485 | 0.3637734 | 0.3672086 | 0.3706541 0. 3741098 | 0.3810517 3 
4 | 0.2722511 0. 2754901 0. 2787437 | 0.2820118 | 0.2852945 | 0.2885915 | 0. 2952281 4 
5 ) 0.2214814 | 0.2246271 0.2277916 | 0.2309748 | 0.2341764 | 0.2373964 | 0.2438907 5 

6 | 0.1876682 0. 1907619 0.1938784 | 0.1970175 0. 2001790 | 0.2033626 | 0. 2097958 6 
7 | 0.1635445 0. 1666096 0.1697015 | 0.1728198 | 0.1759644 | 0.1791350 | 0.1855532 dh 
8 | 0.1454767 | 0.1485278 | 0.1516097 | 0.1547218 | 0.1578640 | 0.1610359 | 0.1674678 8 
9 | 0.1314460 | 0.1344930 | 0.1375745 | 0.1406901 0. 1438395 | 0.1470222 | 0.1534865 i) 

10 | 0.1202414 | 0.1232909 | 0.1263788 | 0.1295046 |. 0.1326678 | 0.1358680 | 0. 1423775 10 

11 | 0.1110920 | 0.1141490 0. 1172482 | 0.1203889 | 0.1235707 | 0.1267929 | 0.1333569 11 
12 | 0.1034840 | 0.1065522 | 0.1096662 | 0.1128254} 0.1160292 | 0.1192770 | 0.1259020 12 
13 | 0.0970616 | 0.1001437 | 0.1032754 | 0.1064558 | 0. 1096843 0. 1129601 0. 1196509 13 
14 | 0.0915707 | 0.0946690 0.0978203 | 0.1010240 | 0.1042791 0.1075849 | 0.1143449 14 
15 | 0.0868251 0. 0899411 0.0931138 | 0.0963423 0. 0996256 | 0.1029628 | 0.1097946 15 

16 | 0.0826848 | 0.0858200 | 0.0890154 | 0.0922699 | 0.0955825 | 0.0989521 | 0. 1058577 16 
17 | 0.0790431 | 0.0821985 | 0.0854176 | 0.0886999 | 0.0920420 | 0.0954448 | 0. 1024252 17 
18 | 0.0758168 | 0.0789933 | 0.0822369 | 0.0855462 | 0.0889199 | 0.0923565 | 0.0994126 18 
19 | 0.0729403 | 0.0761386 | 0.0794073 | 0.0827450 | 0.0861501 | 0.0896209 | 0.0967530 19 
20 | 0.0703611 | 0.0735818 | 0.0768761 | 0.0802426 | 0.0836793 | 0.0871846 | 0.0943929 20 

21 | 0.0680366 | 0.0712801 | 0.0746006 | 0.0779961 | 0.0814648 | 0.0850046 | 0. 0922890 21 
22 | 0.0659321 | 0.0691988 | 0.0725457 | 0.0759705 | 0.0794712 | 0.0830456 | 0.0904058 22 
23 | 0.0640188 | 0.0673091 | 0.0706825 | 0.0741368 | 0.0776696 | 0.0812785 | 0.0887139 23 
24 | 0.0622728 ; 0.0655868 | 0.C689870 | 0.0724709 | 0.0760358 | 0.0796790 | 0.0871890 24 
25 | 0.0606740 | 0.0640120 | 0.0674390 | 0.0709525 | 0.0745494 | 0.0782267 | 0.0858105 25 

26 | 0.0592054 | 0.0625674 | 0.0660214 | 0.0695643 | 0.0731931 | 0.0769044 | 0.0845610 26 
27 | 0.0578524 | 0.0612385 | 0.0647195 | 0.0682919 | 0.0719523 | 0.0756972 | 0.0834257 27 
28 | 0.0566027 | 0.0600130 | 0.0635208 | 0.0671225 | 0.0708144 | 0.0745926 | 0.0823919 28 
29 | 0.0554454 | 0.0588799 | 0.0624146 | 0.0660455 | 0.0697686 | 0.0735796 | 0. 0814487 29 
30 | 0.0543713 | 0.6578301 | 0.0613915 | 0.0650514 | 0.0688054 | 0.0726489 | 0. 0805864 30 

31 | 0.0533724 | 0.0568554 | 0.0604435 | 0.0641321 | 0.0679167 | 0.0717922 | 0.0797969 31 
32 | 0.0524415 | 0.0559486 | 0.0595632 | 0.0632804 | 0.0670952 | 0.0710023 | 0. 0790729 32 
33 | 0.0515724 | 0.0551036 | 0.0587445 | 0.0624900 | 0.0663347 | 0.0702729 | 0.0784081 33 
34 | 0.0507597 | 0.0543148 | 0.0579819 | 0.0617554 | 0.0656296 | 0.0695984 | 0.0777967 34 
35 | 0.0499984 | 0.0535773 | 0.0572705 | 0.0610717 | 0.0649749 | 0.0689739 | 0.0772340 35 

36 | 0.0492842 | 0.0528869 | 0.0566058 | 0.0604345 | 0.0643664 | 0.0683948 | 0.0767153 36 
37 | 0.0486133 | 0.0522396 | 0.0559840 | 0.0598398 | 0.0637999 | 0.0678574 | 0.0762369 37 
38 | 0.0479821 | 0.0516319 | 0.0554017 | 0.0592842 | 0.0632722 | 0.0673581 | 0.0757951 38 
39 | 0.0473878 | 0.0510608 | 0.0548557 | 0.0587646 | 0.0627799 | 0.0668938 | 0. 0753868 39 
40 | 0.0468273 | 0.0505235 | 0.0543432 | 0.0582782 | 0.0623203 | 0.0664615 | 0.0750091 40 

41 | 0.0462982 | 0.05C0174 | 0.0538616 | 0.0578223 | 0.0618909 | 0.0660589 | 0.0746596 41 
42 | 0.0457983 | 0.0495402 | 0.0534087 | 0.0573947 | 0.0614893 | 0.0656834 | 0.0743359 42 
43 | 0.0453254 | 0.0490899 | 0.0529824 | 0.0569933 | 0.0611134 | 0.0653331 | 0.0740359 43 
44 | 0.0448777 | 0.0486645 | 0.0525807 | 0.0566163 | 0.0607613 | 0.0650061 | 0.0737577 44 
45 | 0.0444534 | 0.0482625 | 0.0522020 | 0.0562617 | 0.0604313 | 0.0647005 | 0.0734996 45 

46 | 0.0440511 | 0.0478821 | 0.0518447 | 0.0559282 | 0.0601218 | 0.0644149 | 0.0732600 | 
47 | 0.0436692 ; 0.0475219 | 0.0515073 | 0.0556142 | 0.0598313 ; 0.0641477 | 0.0730374 47 
48 | 0.0433065 | 0.0471807 | 0.0511886 | 0.0553184 | 0.0595585 | 0.0638977 | 0.0728307 48 
49 | 0.0429617 | 0.0468571 | 0.0508872 | 0.0550397 | 0.0593023 | 0.0636636 | 0.0726385 49 
50 | 0.0426337 | 0.0465502 | 0.0506022 | 0.0547767 | 0.0590615 | 0.0634443 | 0.0724599 50 

51 | 0.0423216 | 0.0462589 | 0.0503323 | 0.0545287 | 0.0588350 | 0.0632388 | 0.0722937 51 
52 ; 0.0420243 | 0.0459821 | 0.0500768 | 0.0542945 | 0.0586219 | 0.0630462 | 0. 0721390 52 
53 | 0.0417410 | 0.0457192 | 0.0498347 | 0.0540733 | 9.0584213 | 0.0628655 | 9.0719951 53 
54 | 0.0414709 | 0.0454691 | 0.0496052 | 0.0538644 | 0.0582325 | 0.0626960 | 0.0718611 54 
55 | 0.0412182 | 0.0452312 | 0.0493875 | 0.0536669 | 0.0580546 | 0.0625370 | 0.0717363 55 

56 | 0.0409673 | 0.0450049 | 0.0491811 | 0.0534801 | 0.0578870 | 0.0623877 | 0.0716201 56 
57 | 0.0407325 | 0.0447893 | 0.0489851 | 0.0533034 | 0.0577290 | 0.0622474 | 0.0715118 57 
58 | 0.0405081 | 0.0445840 | 0.0487990 | 0.0531363 | 0.0575801 | 0.0621157 | 0.0714109 | 58 
59 | 0.0402937 | 0.0443884 | 0.0486222 | 0.0529780 | 0.0574396 | 0.0619920 | 0.0713169 59 
60 | 0.0400886 | 0.0442019 | 0.0484543 | 0.0528282 | 0.0573071 | 0.0618757 | 0.0712292 60 

i aD 
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TasLE 37.—Bbid on a bond for $100 to realize a given net income, interest payable 
sennannually. 

INTEREST 34%. 

ee é 2 years. | 10 years. | 15 years. | 20 years. | 25 years. | 30 years. 

| 

3. 00 102. 31 104. 29 106. 00 107. 48 108. 75 109. 85 
3.10 101. 84 103. 42 104. 77 105. 93 106. 92 107. 78 
3. 20 101.38 102. 55 103. 55 104. 41 105. 14 105. 76 
3.30 100. 91 101. 69 102. 35 102. 91 103. 39 103. 79 
3.40 100. 46 100. 84 101.17 101. 44 101. 68 101. 87 

3. 50 100. 00 100. 60 100. 00 100. 00 100. 00 100. 00 
3. 60 99. 55 99.17 98. 85 98. 58 98. 36 98.17 
3. 70 99. 09 98. 34 07.71 | -97.19 96. 76 96. 39 
3. 80 98. 65 97, 52 96. 59 95. 82 95.19 94. 66 
3.90 98. 20 96. 71 95. 49 94, 48 93. 65 92. 96 

4.00 97. 75 95. 91 94. 40 93. 16 92.14 91.31 
4.10 97.31 95. 12 93.383 91. 86 90. 67 89. 70 
4. 20 96. 87 94.33 92. 27 90. 59 89. 23 88. 12 
4.30 96. 44 93. 55 91. 22 89. 34 87. 82 86. 59 
4.40 96. 00 92. 78 90. 19 88. 11 86. 44 85. 09 

4.50 95. 57 92. 02 89.18 86. 90 85. 08 83. 63 
4.60 95. 14 91. 26 88.18 85. 72 83. 76 82. 20 
4.70 94. 71 90. 51 87.19 84. 55 82. 46 80. 80 
4.80 94, 28 89. 77 86. 21 83. 40 81.19 79. 44 
4.90 93. 86 89. 04 85. 25 82, 28 79, 95 78.12 

5. 00 93. 44 88. 31 84. 30 81.17 78. 73 76. 82 

3. 00 104. 61 108. 58 112. 01 114. 96 117. 50 119. 69 
3. LO 104, 14 107. 69 110. 73 113. 34 115. 58 117. 50 
3. 20 103. 67 106. 80 109, 47 111.75 113. 70 115.35 
3. 30 103. 20 105. 92 108, 23 110.19 111. 85 113. 27 
3. 40 102. 74 105. 05 107. 00 108. 66 110. 05 111. 23 

3. 50 102. 28 104.19 105. 80 107.15 108. 29 109. 24 
3. 60 101. 82 103. 33 104. 60 105. 67 106, 56 107. 30 
3. 70 101. 36 102. 49 103. 43 104, 21 104. 87 105. 41 
3. 80 100. 90 101. 65 102. 27 102. 78 108. 21 103. 56 
3. 90 100. 45 100. 82 101.13 101.38 101. 59 101. 76 

4.00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 
4.10 99. 55 99.19 98. 89 98. 64 98. 45 98. 28 
4, 20 9011 98. 38 97.79 97.31 96. 92 96. 61 
4.30 98. 66 97. 58 96. 71 96. 00 95, 43 94, 97 
4, 40 98. 22 96. 79 95. 64 94. 72 93. 97 93. 37 

4, 50 97. 78 96. 01 94. 59 93. 45 92.54 91. 81 
4.60 97.35 95. 23 93. 55 92. 21 91.14 90. 29 
4. 70 96. 91 94, 47 92. 53 90. 99 89.77 88. 80 
4. 80 96. 48 93. 71 91. 52 89. 79 88. 42 87.35 
4.90 96. 05 92. 95 90. 52 88. 61 87.11 85. 93 

5. 00 95. 62 92. 21 89. 53 87. 45 85. 82 84. 55 

INTEREST 43%. 

00 106, 92 112. 88 118. 01 122, 44 126. 25 129, 54 
10 106, 44 111. 96 116. 69 120. 75 124. 23 127. 22 
20 105. 96 111. 05 115.39 119. 09 122. 26 124. 95 
30 105. 49 110. 15 114,11 117. 47 120. 32 122. 74 
40 105. 02 109. 26 112, 84 115. 87 118. 43 120. 59 

50 104. 55 108. 38 111. 59 114. 30 116. 57 118. 48 
60 104. 08 107. 50 110. 36 112. 75 114. 75 116. 43 
7 103. 62 106. 64 109. 15 111. 24 112. 98 114, 42 
80 103. 16 105. 78 107. 95 109. 74 111. 23 112. 47 

102. 70 104. 93 106. 77 108. 28 109. 53 110. 56 

00 102. 25 104. 09 105. 60 106. 84 107. 86 108. 69 
10 101. 79 103. 25 104. 45 105. 42 106. 22 106. 87 
20 101. 34 102. 43 103. 31 104. 03 104. 62 105. 09 
30 100. 89 101. 61 102.19 102. 66 103. 05 103. 35 
40 100. 44 100. 80 101. 09 101. 32 101. 51 101. 66 

50 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 
60 99. 56 99. 21 98. 93 98. 70 98. 52 98. 38 
70 99. 12 98. 42 97. 86 97. 43 97. 08 96. 80 
80 98. 68 97. 64 96. 82 96.17 95. 66 95. 26 
90 98. 25 96. 87 95. 79 94. 94 94. 27 93. 75 

00 97. 81 96. 10 94.77 93. 72 92. 91 92, 27 COPS ARR RR RRR Goer gee Go O9 0900 G0 

eo} i=) 
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TaBLE 37.—Bid on a bond for $100 to realize a given net income, interest payable 
semmannually—Continued. 

INTEREST 5%. 

5 years. | 10 years. | 15 years. | 20 years. | 25 years. | 30 years. 

3. 00 109. 22 117.17 124. 02 129. 92 135. 00 139. 38 | 
10 108. 74 116. 23 122. 65 128. 16 132. 89 136. 93 i 
20 108. 26 115. 30 121.31 126. 44 130. 81 134. 55 
30 107. 78 114. 38 119. 99 124. 75 128. 79 132. 22 
40 107.30 113. 47 118. 68 123. 08 126. 80 129. 94 

50 106. 83 112. 56 117. 39 121.45 124. 86 127. 72 
60 106. 35 111. 67 116.12 119. 84 122. 95 125. 55 
70 105. 88 110. 78 114. 86 118. 26 121. 08 123. 44 
80 105. 42 109. 91 115. 62 116. 70 119. 26 121.37 | 

109. 04 112. 40 115.18 117. 47 119.35 : \ 

00 104. 49 108.18 111. 20 113. 68 115. 71 117.38 
10 104. 03 107.32 110. 01 112. 20 113. 99 115. 45 
20 103. 57 106. 48 108. 84 110. 75 112. 31 113. 57 
30), 103812 105. 64 107. 68 109. 33 110. 66 111.74 
40 102. 67 104. 81 106. 54 107. 93 109. 04 109. 94 

50 102. 22 103. 99 105. 41 106. 55 107. 46 108.19 
60 101. 77 103. 18 104. 30 105.19 105. 91 106. 47 H 
70 101. 32 102. 37 103. 20 103. 86 104. 38 104. 80 
80 100. 88 101. 57 102. 12 102. 55 102. 89 103. 16 
90 100. 44 100. 78 101. 05 101. 27 101. 43 101. 56 

100. 00 100. 00 100. 00 100. 00 100. 00 

Pi ebebate bab be bebe SSeS SOR = LOSS CIeS 

oO oO — oO _ ive) a 

on S o ray S =) S o 

INTEREST 6%. 

50 111. 38 120. 94 128. 98 135. 74 141. 43 146. 20 
60 110. 89 120. 01 127. 63 134. 01 139. 34 143. 81 
70 110. 41 119. 08 126.30 132. 30 137.30 141. 47 
80 109. 93 118.16 124. 98 130. 63 135. 30 139.18 
90° | 109. 46 117. 25 123. 68 128. 98 133. 34 136. 94 

00 108. 98 116. 35 122. 40 127. 36 131. 42 134. 76 
b 115. 46 121.13 125. 76 129. 54 132. 63 

20 108. 04 114. 58 119. 88 124.19 127. 70 130. 54 
30 107. 58 113. 70 118. 65 122. 65 125. 89 128. 50 
40 107. 11 112. 83 117. 43 121.14 124. 11 126. 51 

50 106. 65 111.97 116. 23 119. 65 122. 38 124. 56 
60 105. 19 111.12 115. 05 118.18 120. 67 122. 66 
70 105. 73 110. 28 113. 88 116. 74 119. 00 120. 80 
80 105. 28 109. 44 112. 73 115. 32 117. 36 118. 98 
90 104. 83 108. 61 111. 59 113. 92 115. 76 117. 20 

5. 00 104, 38 107. 79 110. 47 112. 55 114.18 115. 45 
. 25 108. 26 105. 78 107. 72 109. 22 110. 38 111. 27 
: b 103. 81 105. 06 106. 02 106. 75 107.31 
275 101. 07 101. 88 102. 49 102. 95 103. 29 103. 55 
- 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 

Eph baba haba ba be SS goeae. 

= i=) = oS (ee) or a 

D2 Crore ot 

on o — So is) e oO 
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bonds, township highway and bridge, amount, term, rate,etc..-.....-..- 60-61 
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INTRODUCTION. 

When the writer began active operations in barley breeding in 
1909, the intelligent selection of mother plants was found to be very 
difficult because of the lack of sufficient information to enable minor 
variations to be recognized and interpreted. European breeders 
had subjected the taxonomic details to a most exacting scrutiny, but 
their results were not immediately useful. It was necessary to confirm 
the European findings, for a character found stable there could not be 
considered stable under the widely varying climatic conditions of 
America until it had been so proved. Again, the European authorities 
were far from united. There was not even a broad taxonomic char- 
acter whose stability had not been questioned at one time or another, 
and often by the highest authorities in barley classification. More- 
over, even if the groundwork could have been adopted entire, the 
more or less established taxonomic characters are only the beginning 
of the problem. Breeding must take note of characters that are 
trivial in taxonomy. The intangible must be analyzed and made 
to serve, as well as the tangible. 

Even the very plausible idea of adopting European methods and 
_ importing improved European stocks was only partially successful. 
Conditions in America differ in one vital particular from conditions 
in Europe. On the Continent and in Great Britain barley has been 
cultivated for centuries, and it is therefore practically indigenous. 
Each geographical locality has, through long periods of time, been 

provided by natural selection and acclimatization with superior 
native races. Breeding, under such conditions, is largely concerned 
with the improvement of these existing stocks, with small likelihood 
of any importation proving to be a serious competitor. 

Notr.—A large part of the data herein presented was obtained in cooperation with the 

Minnesota Agricultural Hxperiment Station, and the article itself was submitted as a 

thesis as required for the degree of doctor of science in the University of Minnesota. The 

Subject is of interest to plant breeders and agronomists. 

52783°—Bull. 1837—14—_1 
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In America there are no native stocks. The grain-producing areas 
are relatively new. The varieties peculiar to a section are usually 
the result of chance introductions. Breeding material from foreign 
sources is as likely to contain desirable types as is that already at 
hand. In this investigation, in order to obtain the proper basis upon 
which to conduct breeding work, stocks were assembled not only 
from local sources but from all over the world. Many distinct 
strains were isolated from each stock, for both the local varieties and 

the foreign introductions were usually either races that had not been 
purified or that had become mixed after purification. The isolation 
was accomplished by head and plant selections, which when grown 
in pedigree rows formed a surprisingly: large collection. When to 
these were added a still greater number from the progeny of hybrids, 
the problem became one of elimination. The plant selections from 
their very nature were made more or less arbitrarily, and hundreds 
of these forms were necessarily duplicates. These duplicates, espe- 
cially as long as they were not so recognized, were a drain upon the 
breeder, and it was soon realized that the efficiency of a nursery was 
measured, not by the number of stocks it carried but by the number 
it eliminated. 

It was to accomplish this reduction better that the character 

studies were made. The distinctions found were of two classes, 
morphological and physiological. The morphological variations 
were, in the broader divisions, of taxonomic value, and many of 

them were practically invariable. The physiological characters 
were, from their nature, more difficult to appraise. They were found 
to possess not only more widely fluctuating limits, but the limits 
often overlapped and at times the characters became inseparable. 
In physiological characters a further distinction was made between 
permanent and place variations. Some separations were so wide 
that they never became confusing, while others became evident only 
when grown under certain conditions of soil and climate. Such dis- 
tinctions are worthless as taxonomic features, but have proved very 
valuable as indications of individual qualities in breeding. Even the 

lack of stability in a character does not destroy its usefulness, as 
the tendency of a strain to behave in a certain manner under certain 
conditions may mark an inherent difference. | 

Tt is realized that distinctions of this kind are only a part of plant 
breeding, and it is not thought that that part is clarified in any 
great measure. In this paper are given a few of the observations 
that have been found useful in barley breeding, and with them many 
that have been found useless. The data upon which the conclusions 
are based consist of some 200,000 recorded observations, extending 
over a period of five seasons and embracing experiments at St. Paul, 
Minn.; Williston and Dickinson, N. Dak.; Highmore, S. Dak.; Moc- 
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~ casin, Mont.; Aberdeen and Gooding, Idaho; and Chico, Cal. Of 

the work done at these points, that at St. Paul, Minn., which was 
conducted in cooperation with the State experiment station, was the 
most extensive. 

REVIEW OF THE LITERATURE. 

Although the literature of barley is, with the possible exception 
of wheat, more extensive than that of any other cereal crop, the pub- 
lications bearing directly upon the theme of this paper are com- 
paratively few. The great mass of the European publications, 
especially the German ones, have to do with the malting quality of 
barley. They are concerned mostly with its chemical constituents, 
the effect of soil, climate, and culture upon the nature and composi- 
tion of the grain, and the behavior of the converting enzyms in 
grains of different character. The same is true of papers on the 
morphology of the grain, and even many of the publications treating 
directly of barley breeding have little bearing upon the present dis- 
cussion, as they are often concerned only with the correlation of 
characters or with the behavior of hybrids. It is only the papers 
dealing with the taxonomic features of barley, and experiments such 
as those of the Swedish Plant-Breeding Association at Svalof, 
which have had for their end the isolation of plant variants, that are 
of particular pertinence. 

The first comprehensive systematic work was that of Koérnicke 
(15)', who described 44 botanical forms of barley, using spikelet 
fertility, color, nature of the awn and glume, and the adherence or 

nonadherence of the palea. His groups will undoubtedly form the 
bases of all future classifications. The classification of Voss (25) is 
important largely because he based a part of it upon the extent of 
overlapping of the grains, thus forecasting in an indefinite way the 
use of density. Atterberg (2) made use of the bristle and nerve 
characters discovered by Neergaard, mentioned below, and subdi- 
vided the previous groups until he had 188 named botanical varieties. 
Beayen (3), by a rearrangement and compilation of previous classi- 
fications and by growing and describing a large number of hybrids 
of Karl Hansen, Ko6rnicke, and others, gave a very clear conception 
of the entire species. His work is perhaps most valuable in the 
placing of the Abyssinian forms with abortive lateral florets in a 
group by themselves. He does not make use of the finer subdivisions 
employed by Atterberg. Regel (21), on the contrary, carries the sub- 
division still farther and uses twisting of the spike and earliness and 
lateness of the variety in his separations. The last, a purely physio- 
logical phase, he employs in named botanical forms. 
A review of the work at Svalof is especially valuable in this con- 

nection because of the fact that a large part of that effort has been 

1The figures in parentheses refer to the bibliography at the end of the bulletin. 
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along the same line and because, in many instances, this investiga- 
tion has merely attempted to discover whether results obtained by 
them were sustained under the great variations of the American cli- 
mate. In barley the greatest achievement at Svalof was the dis- 
covery of two kernel characters, which, by various combinations, 
gave four separations under each previous group. 

These investigators found. that the rachilla in some barleys was 
covered with long straight hairs and in others with short curly ones; 
also that the inner pair of dorsal nerves sometimes bore teeth and 
were sometimes smooth. The stability of these characters was ques- 
tioned by Broili (10), who claimed to have frequently observed one 
form in the progeny of another. Tschermak (13), Blaringhem (7), 
and others have supported the investigators of the Plant-Breeding 
Association at Svalof, at least so far as the basal bristle is concerned. 
Although none are to be compared with this discovery in importance, 
many other studies have been made at Svalof. At one time they had 
developed a very elaborate system of measurements made by means 
of many ingenious mechanical devices. They have, unfortunately, 
made no specific, comprehensive publication of their negative re- 
sults, but according to Newman (20) and others they have aban- 
doned the use of many of the measurements that were formerly 
made. Of those retained, the most important from the standpoint 
of this paper is that of density. In the early history of the asso- 
ciation two or three varieties were obtained by the “élite” method. 
They chose an arbitrary density and made mass selections of spikes 
conforming to that measurement. Later, they used density as a 
means of valuing head measurements, as a long head if loose might 
contain no more grains than a short one if compact. They finally 
employed it in varietal description. Biaringhem (7), who has fol- 
lowed the work of the Svalof association quite closely, used density 
as an indication of purity and to reveal the effect of climate. 

The morphological characters of the seed coat and the kernel have 
been treated by Kudelka (16) and Johannsen (14), but there is no 
suggestion of usable varietal differences. 

The composition of the grain has been studied by a few American 
and a large number of European scientists. Le Clerc and Wahl 
(17), who have made the most comprehensive of the American 
studies, have clearly demonstrated that composition is of slight use 
as a varietal character for, while there are differences, the effect of 

location and season is many times greater than that of variety. 
Color in barley has been employed by all systematists, but has 

received very little analytical attention. Brown (11) has a note on 
the color in the variety coerulescens, and numerous authors have dis- 
cussed the occurrence of pigments in other plants. <A recent article 
by Wheldale (26) treats of the chemical nature of anthocyanin and 

traces its origin from a glucosid. 
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THE RATE OF DEVELOPMENT. 

The rate of development, like all physiological characters, is sub- 
ject to considerable fluctuation within the strain. The distinctions 
are naturally much less absolute than those founded upon morpho- 
logical characters. They have, however, the advantage that they 
permit a greater number of separations. A plant structure usually 
has but two phases. It exists or it does not exist. With physiologi- 
cal characters this is not the case. The length of time required for 
one variety to mature may differ three days from that of a second 
or it may differ three weeks. From the standpoint of observation, 
the development of the plant is divided into three periods: (1) The 
early development from germination to the time of jointing, (2) the 
period of heading, and (3) the period of maturity. 

EARLY DEVELOPMENT. 

For some time the writer has maintained that the early growth is 
the stage of development at which selections of barley are most 
easily distinguishable. This period seems to have been neglected by 
plant breeders. There are few records of notes taken during this 
time, and even those breeders who have known the cereal crops best 
have based their selections at this period on an intangible something 
that enabled them to single out any new variation. 

During the summer of 1913 an attempt was made to analyze the 
intangible, with most encouraging results. In addition to careful 
observations on several hundred selections, 1,400 plants were chosen 
in the nursery and 1,700 in drill rows, upon which exact records 
were kept. One hundred plants were used in each variety. The data 

included the day upon which each of the 3,100 plants produced its 
second, third, and fourth leaves and its first tiller. The optically 
plausible became mathematically evident, and it was soon seen that, 

aside from the leaf character, there was ample justification for the 
separations made on appearance during the early stages of growth. 
As figure 1 shows, the selections rush through the early stages at an 
astonishing rate. A centgener which is only two days, or even one 
day, behind a second may be in an entirely different stage of develop- 
ment and may therefore present an appearance which in no way re- 
sembles that of the first. Yet the two barleys may be closely related 
strains and inseparable or separated with difficulty at maturity. 
The typical curves of the production of the second, third, and fourth 
leaves are always very sharp. In figure 1 the curve of tillering is 
more flat than is usually the case. The first of the third leaves 
emerges about the time of the appearance of the last of the second. 
The fourth leaf is produced in about the same relation to the third, 
but perhaps a little earlier. The first tillers are usually simultaneous 
with the fourth leaves, though in some varieties they appear earlier. 
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The tillering in most varieties is not completed as rapidly as is the 
production of the fourth leaf, and it is deterred by disease much 
more than is the leaf. 

TSR 6a a 
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Fic. 1.—Curvyes showing the production of the second, third, and fourth leaves and of the. 

first tiller in 96 plants of Oderbrucker barley (selection No. 50). 

Besides the difference in dates there is a difference in method of 

production. In some varieties the curve of each stage is very acute 
and the stage is completed in a few days. In others it is more obtuse 
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Fie. 2.—Curves showing varietal differences in Fic. 3.—Curves showing the average date “= 

the rapidity of tillering of barley selections. of the production of the second and 

In Eagle (No. 13) all plants produce tillers third leaves and of the first tiller in 100 

almost simultaneously, while in Russian (No. plants of each of 17 selections of barley 

21) the process is extended over many days. grown in drill rows. 

and the time for completion extended. Figure 2 shows the relative 
rapidity of stooling in two selections, the one of the first type and 

the other of the second. 
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Differences are revealed in two ways by a comparison of the 

behavior of strains. There is an actual difference of date in any 

stage and, still more important, a relative difference between various 

stages. This is shown to some degree in figure 3, and to a still 

greater degree in figure 7, which will be discussed later. Figure 3 

shows the date upon which the greatest number of plants in 17 

selections sown in drill rows reached the three stages of development. 

Tt will be noticed that the average date of the occurrence of the 
second leaf varied over scarcely more than 1 day, while the third 
extends over 24 days, and the production of tillers over 5 days. No. 
5, for instance, produces the third leaf 2 days after the second, while 

No. 13 requires another half day. Yet No. 18 requires but 3 addi- 
tional days to produce tillers, while No. 5 requires 54 days. 

EMERGENCE OF THE AWNS. 

The time of heading is a general agronomic note, and there is no 

doubt that an observation of this period is of great value in plant 
breeding. Distinctions at this time shovld be easily made and 

should be more reliable than those of any later date. The difference 
between selections is greater than in the earlier stages, and the 
effect of season is not apparent in any abnormal hastening of devel- 
opment, as it is later in ripening. In any climate, most barleys 
develop in a fairly normal manner until flowering time. The time 
of heading, for these reasons, should be of great use. It has, how- 
ever, one disadvantage. It is an extremely difficult note to obtain, 
and hence inaccurate. Barleys differ very much in their manner 
of heading. Some heads are exserted rapidly and completely, others 
slowly and only partially. The observer has not only the difficulty 
of maintaining an arbitrary mental standard, but is confronted by 
numerous exceptions that never conform to any standard. 

In a study of this difficulty it was noticed that just previous to 

heading, the tips of the awns in all awned varieties projected from 
the boot of all plants in the selection with suggestive uniformity. 
The date of the emergence of the awns was substituted for the date 

of heading, with excellent results. The personal error was imme- 
diately removed and, as the facts could be gathered at a glance, the 
note taking was greatly accelerated. The change made a valuable 
-plant-breeding observation out of a dubious agronomic note. 

Analyzed, the curve of date of emergence of the awns is almost 
as sharp as those representing the production of the leaves and 
tillers. Figure 4 shows the curve of 13,108 plants, a summary of 
the observations of a large number of selections. It will be noticed 

that nearly two-thirds of the plants pass through this stage in two 
days. A difference of a single day serves to change the appearance 
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of a whole centgener, and strains that are three days apart are 
unbelievably dissimilar when viewed at this time. 

FO0O 

NUMEER OF PLANTS 

Fic. 4.-—Curve showing summary of data on the 
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This note was taken for 
a large number of selec- 
tions for three years to test 
the transmissions of slight 
variations in earliness and 
lateness. The _ evidence 
seemed all in favor of ac- 
crediting to this character 
a heritability equal to that 
of most plant characters. 
The data are too cumber- 

- some to include entire, but 
a random selection of 
strains of one general type 
is given in figure 5. The 
variations are parallel, on 
the whole, especially when 
it is remembered that the 
centgeners were often sep- 
arated by considerable dis- 
tances, allowing variations 

ooo} in soil and moisture. The 
exceptions are fully as 
likely to represent differ- 
ences in the character of 
the strains, causing them 

) ES ann a Se to respond differently to 
ines different seasons, as they 

emergence of the awns in 13,108 plants from are to question the value of 

various selections of barley. the note. 
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c. 5.—Curve showing the effect of season upon the relative date of the emergence 

of the awns in 37 selections of 6-rowed barley grown at St. Paul, Minn., in 1911, 

1912, and 1913. 
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DATE OF RIPENING. 

' The date of ripening is a note universally taken. While less 
dependable than the emergence of the awns, it is a very useful obser- 
vation. Within a strain the plants mature quite uniformly. In 
order to determine the amount of such variation, the exact date of 
maturity of each spike in a plat of Manchuria barley was recorded. 
The spikes were considered ripe when the last traces of green dis- 
appeared from the glumes. In order to avoid confusion, they were 
harvested as fast as they ripened. The result is shown in figure 6. 
The curve is very sharp, almost half the product of the plat maturing 
upon the same day. 
The weakness of the note is 

in the abnormal ripening of va- 
rieties. In Minnesota the ob- 
servation is quite dependable in 
Manchuria forms, but is likely 
to be much less so in the 2- 
rowed varieties. Some of the, 
latter mature in a normal man- 
ner, while others, especially the 
later ones, half ripen and half 
die. Also, a rain at this period 
has much more influence in the 
development than at other times 
in the life of the plant. 

NUMBER OF SPIKES FIPE ON EACH OATE. 
COMPARATIVE RATES OF DEVELOP- 

MENT 

Although separations can be 78. 99. 80. &/ G2. &F 
OAKS FRONT PLANTING TO MATURITIO 

made by a study of any one of . Fic. 6.—\Curve showing the ripening of 

these stages, it is only when the 1,541 spikes in a plat of Manchuria bar- 
, 0 ley, stated in days from date of planting. 

entire seasonal histories of the 

selections are compared that the full variation is apparent. Figure 7 
shows the development of 14 strains from the production of the 
second leaf until maturity. Each stage was obtained by actual count 
of all the normal plants in each centgener, usually between 90 and 100. 

The relation of the earlier stages has already been commented upon. 
It will be noticed that the tillers are produced usually after the 
fourth leaves. In Nos. 34, 18, and 24 this is not the case, and these 
three selections are definitely distinct from the other eleven by this 
different habit of tillering. Nos. 21 and 57 are parallel in the earlier 
stages but are widely separated in the emergence of the awn. No. 29 
is one of the earliest of all the selections to produce the second leaf, 

52783°—Bull. 187142 
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and yet it is among the very latest in maturity. Indeed, there is 
some peculiarity about each one of the fourteen when all stages are 

considered. 
VARIATIONS IN THE CULM. 

The culm varies in length, diameter, thickness of walls, exsertion 
of spike, number of nodes, and number of culms per plant. 

LENGTH OF THE CULMS. 

The height of the plant is a note universally taken on all experi- 
mental farms. At any chosen station, some varieties are always tall 

and others always short. This 
distinction is sufficient to prove 
a difference between such va- 
rieties, and as such it is a use- 
ful observation in breeding. 
It is, however, merely a proof 
that a difference exists and is 
not necessarily a difference in 
itself. There is a physiologi- 
cal adaptation of varieties to 
certain places and it may ex- 
press itself in height. 

In 1911 thirteen pedigreed 
selections, representing nine 
minor groups of barley, were 
chosen from the nursery stock 
and planted at four widely 
separated points. At maturity 
the length of culm was care- 
fully noted. The influence of 
climate and soil was surpris- 
ingly great. Ag will be seen in 
Table I, there is a marked re- 
gional response. The selection 
of Odessa is a Hordewm sati- 

Fic. 7.—Curves showing the date of the vwum hexastichum form occur- 
production of the second, third, and - A a 
fourth leaves and the first tiller, the ring in the commercial Odessa 
emergence of the awns, and the day variety. In Minnesota it is 
of ripening in 14 selections of barley gare 
grown at St. Paul, Minn., in 1913. Each short and unpromising. In 

determination was based on one centgener California it is little better, 
os approximately 100 plants. while iat the north Rocky 

Mountain and Plains areas it displays an unexpected vigor and is 
very tall. The Abyssinian varieties grow well in California, but are 
short elsewhere. 

& 
is 
S 

32-2): 34 13 24 36 | 2 29 30 5G + 
SELECTION NUMBERS OF FLANTS. 
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Taste I.—Influence of geographical location on the length of the culm in 13 
- representative selections of barley grown at four widely separated points, the 

selections being arranged in the order of their height at each point. 

St. Paul, Minn. Williston, N. Dak. Moccasin, Mont. Chico, Cal. 

Hordeum vulgare......-- Senvian eee e ea ccee Odessasyvrsene aes ies S. P. I. No. 20375. 
Oder bruckernseaas a. sees Odessaniee eee ae Hordeum vulgare.....-- Oderbrucker. 
Mam chiiiian mess eee oe Hordeum vulgare....._- SULPUISON pe ecee essence Abyssinian. 
Sues ae oe SIT asses eee SMIMM tes eee eee. Servian. 
NTMI CESS eae Pees Ss ieee wie! Oderbrucker..........-. Senvlaliene ss ye ae Smyrna. 
SUGDLISOee ene a ater lo: Manchurias ss seen. soem Seb rleyNow203 (os seeeee Manchuria. 
Menylane eee ye ee eae oe SUITING eee eee ee Kitzing, 6-rowed.-..-..-- Summit. 
St IES NO, HOB Seedeeese SULprISOn~e een ee eee Manchtmianes ene Odessa. 
Kitzing, 2-rowed........- Kitzing, 6-rowed....._.. @derbruckerssaoeecuee Kitzing, 6-rowed. 
Kitzing, 6-rowed........-. SeePeeNOS 2037502. ae SmyMNaeeeee ee mece sees Princess. 
Abyssinian 22 2280. 2. 203: Prin CeSSeneee pee ep em SAUD Y{SSiniame sere os ey Kitzing, 2-rowed. 
fSaaehyacarel. 5 Oh awn Rn e aaees AND SSIMiam ene sence a aie Kitzing, 2rowed.....-.- Surprise. 
Odessa eee Kitzing, 2rowed..._.... BrINCeSSee setae eee Hordeum vulgare. 

The great variation evidenced by these few selections is sufficient 
to show that the length of culm can not be of much taxonomic value. 
There are varieties which are persistently below average height, and 
others that are as persistently above, but beyond that it is difficult to 
make an unqualified statement. Locally, this measurement is of 
more significance and can often be used to advantage in the study of 
nursery selections. The differences it reveals are important in 
breeding, no matter to what cause they may be due. 

DIAMETER OF THE CULMS. 

Measurements have not been found very useful in revealing small 
differences in the diameter of the culm. The experimental error is 
large, owing to the fact that the diameter varies on the same plant 
with the culm selected, on the same culm with the internode chosen, 
and on the same internode with the distance from the node. <A part 
of this variation was avoided by measuring the greatest diameter of 
the first elongated internode, but even then the results were unsatis- 
factory. There are varietal differences, but they must be great 
enough to be seen optically before the error of measurement is re- 
duced to the point where it becomes negligible. As a group, the 
nutans has smaller culms than the Manchuria, but among the Man- 
churia strains there is little difference. Only once in these investi- 
gations has this character been used to isolate a type. This type has 
proved to be stable, and perhaps the effort of measuring hundreds of 
selections is rewarded by the one strain obtained, as it is very prom- 
ising. 

THICKNESS OF CULM WALLS. 

A large number of determinations were made of the thickness of 
the walls of the culm, with even less satisfaction than in those of the 
diameter. Measurements finer than one-tenth of a millimeter are 
impracticable, owing to the variation within the plant and culm. 
This does not give range enough to disperse the varieties. For in- 
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stance, of 242 selections of 6-rowed barley, the culms of 153 meas- 
ured 0,5 mm. in thickness and only 33 deviated more than 0.1 mm. 
from this figure. 

THE EXSERTION OF THE SPIKE. 

The exsertion of the spike is closely related to the length of culm 
because it depends upon the elongation of the peduncle. Some bar- 
leys clear the boot much more completely than others. That this is 
a true varietal character is shown by the number of varieties in 
which it has been described. The Princess in Sweden is often in- 
cluded at the base. The same is true of this variety in Minnesota 
and California. The Smyrna seldom clears the boot completely in 
more than one or two culms on each plant. An interesting fact was 
noted in this variety with reference to location. In Minnesota, half 
the head often remains in the boot, and the same condition prevails 
over the whole of the Plains area. In California, however, the heads 
are completely exserted. The exsertion is still short as compared with 
most varieties, but it is perfect. Like other physiological charac- 
ters, the exsertion of the spike is variable, but its range of variation is 
sufficiently limited to occasionally determine a variety. That it is 
not more often useful is due to the fact that almost all barleys are 
of the type in which the spike is completely exserted. 

NUMBER OF NODES PER CULM. 

The number of nodes to the culm is naturally identical with the 
number of leaves to the culm and is discussed under that heading. 

NUMBER OF CULMS PER PLANT. 

The number of culms per plant seems to be a varietal character, 
but one which is so dominated by environment as to make it impos- 
sible to determine when it is given true expression. It is probable 
that all students of the cereals have gone through the same process of 
diminishing confidence to final doubt as to the utility of this factor. 
In this investigation the number of tillers was recorded on over 
20,000 plants without being able to discover a method of using such 
information for minor distinctions, as was possible, for instance, 
with the time and method of tillering. The broad groups vary as 
groups in this character and occasionally a variety deviates suffi- 
ciently from its group to become distinct, but the mass is, for the 
most part, inseparable. 
Two causes of variation were studied in detail, viz, spacing and 

geographical location. In Minnesota a selection of Smyrna, a heavy- 
tillering variety of a 2-rowed group, and a light-tillering selection 
of Manchuria of the 6-rowed group were planted at three different 
spacings. The results obtained are shown in Table II. As will be 
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seen in this table, the varieties remained distinct in their tillering 
habit, but as the space decreased, the difference of over three culms 
per plant in favor of Smyrna rapidly diminished to one. Types 
falling between these extremes were inseparable at the least spacing. 
Tt will also be noticed that the varieties differ in the spacing at 
which they seem to make complete use of the soil. An increase in 
number of plants in the Manchuria beyond the 4 by 4 inch plant- 
ings does not increase the number of tillers on the unit area, while 
for Smyrna the limit is not yet reached. 

TABLE I].—EHffect of interval on the production oF culms in selections of Smyrna 
and Manchuria’ barley. 

Space between plants. 

PRs deus: 4 by 8 inches. 4 by 4 inches. 4 by 2 inches. 

Manchu- Manchu- Manchu- 
Bia: Smyrna. ae Smyrna. a Smyrna. 

Rotalplantseasncmes cess oe Cae veces aisine 42 46 87 80 179 190 
RotaliGulmseeee eer pass ss) see eeee 122 282 234 361 236 446 
Culmsiperplanicsece: 22 se sce es ceneeec ne 2.9 6.1 2.7 4.5 1.3 23 

1 The selection of Manchuria was made for its low-tillering habit, and it is not typical of the Manchuria 
variety as commonly grown. 

The response to geographical location is a disturbance sufficient to 
vitiate all close distinction. Even the groups are .often reversed. 
For instance, when summarized, a large number of selections of 
6-rowed barley at St. Paul averaged 2.6 culms per plant, while at 
Chico the same selections averaged but 1.5. The 2-rowed group, on 
the contrary, averaged but 4.2 culms at St. Paul, while at Chico it 
averaged 5.8. The Smyrna, however, stood near the top in both 
places, showing that in extreme cases the effect of environment does 
not conceal the character. 

LEAF CHARACTERS. 

The leaves of mature barley plants present quite a variety of 
aspects which are, as a whole, hard to record. Most of them are 
mass effects, and hence treacherous, because of the optical differences 
due to the angle of observation with reference to the light. This 
investigation is concerned with four points of variance—the color, 
the width, the length, and the number of leaves. 

COLOR OF LEAVES. 

A very casual observation shows a considerable difference in the 
color of leaves, but there are so many difficulties in their valuation 
that the writer is unprepared to discuss their separation at this time. 
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WIDTH AND LENGTH OF LEAVES. 

Any study of leaf dimensions must be statistical and therefore 
difficult to report briefly. The obstacles to the use of such measure- 
ments are twofold: The leaf varies with its nourishment and with 
its exposure, and it is often damaged by the wind. In a study of 
mature plants, the second leaf from the top being used in all cases, 
the normal variation was found to be considerable. For instance, 
at the same place in the same season the leaves of border plants were 
from 1 to 2 mm. greater in width than those from the interior of the 
plat, and the length of the leaves of such plants was from 2 to 3 em. 
greater. In Princess, one of the least variable varieties, the average 
size of the leaves of the border plants was 13.7 mm. by 24 cm., and 
of the interior plants 12.7 mm. by 23 em. 

To be usable in breeding, a note must be reasonably easy to obtain. 
To test the usefulness of this character, the first 25 of the 100 meas- 
urements of each selection were tabulated, as shown in Table III. 

With width of leaf, the experimental error is small, as width can be 
determined quite accurately and the broadest part of the leaf is 
seldom damaged. If the figures, then, are conclusive mathematically, 
the method is practical. The probable error in the 25 measurements of 
Princess is +1.2. It thus fails to separate this variety dependably 
from Kitzing and Proskowetz, its nearest relatives, or from the selec- 

tion of deficiens, or Odessa. (See Table III.) From the rest, how- 
ever, the separation is clear enough to be significant. With the two 
selections of Oderbrucker, the separation is sufficient to establish a 
difference. In this case the two are closely related and the note 
becomes serviceable. As a rule, the width of leaf is seldom a suffi- 

cient basis for separation in closely related strains. Fortunately, 
such differences are seldom unaccompanied by other points of va- 
riance, and it is often the sum of several differences that serves to 
distinguish individual strains. 

TABLE III.—Greatest, least, and average width and length of 25 leaves in each 
of 13 selections of barley grown at St. Paul, Minn., in 1911. 

{ 

Leaf width. Leaf length. 

Pedigreed selection from— = 

Greatest.| Least. | Average.|Greatest.| Least. | Average. 

Mm. Mm. Mm. Cm. Cm. Cm. 
SEIT COSS are eras Bite ek ns ey ea 15.0 1255 13.2 28 20.0 2300 
KGtZin & \2-rOowed ws farce ose sie ce es eater L5¥5 11.0 12:7 28 20.0 23h 
Hordeum sativum deficiens............-..| 16.0 12.5 ley 32 26.0 28:1 
Oderbrickens ita. scasnece noses ects eee 1755 14.0 15.5 23 17.0 19.2 
Visit Chino eee eee os I a Ores 20.0 14.0 16.7 27 18.0 22.8 
Oderbruckeroi5s. ss22ce es 5 see eee 22.0 15.0 18.7 28 20.0 24.3 
MUMMitie oo secee sce cctee 15.5 12.5 14.3 26 18.0 22.5 
Kitzing, 6-rowed 3 20. 0 16.5 18.5 26 18.0 22.6 
DULPrISCsan- meee ee ese - 20.0 16.5 18.3 26 19.5 22.9 
Servian...... 3 20.0 1525 L738 25 20.0 22.8 
Odessa......- 15.0 11.0 13.7 22 14.0 17.9 
Abyssinian... = 22.0 17.0 18.7 25 20.0 22.0 
IProskOWebaes ct ono sega ces ose a ele 16.0 LO 13.0 28 23.0 2050) 
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In length of leaf, the method is much less promising. Not only 
is. the probable error greater, but the measurement is unsatisfactory. 
The leaves become so broken by whipping in the wind that speci- 

mens which are entire at the tip are seldom found. An effort was 

6 Cheer cS) 
WIDTH 1 PUELIMETEPRS. 

Fic. 8.—Composite curve showing the width of leaves in millimeters in eight selections of 

barley. 

made to overcome this difficulty by choosing an earlier stage of 
development and thus utilizing the better protected leaves nearer 
the ground. Although the extreme tendencies were not yet devel- 
oped, the second leaf from the seedling was found to offer fewer 
experimental difficulties. Such leaves were entire and the length 

Pa) . 
VOU AL AF AB AT ACE ATE AT AGO PA OP CF CF 2E 26°27 

SENGIH IN CENTIMIETERS. 

Hic. 9.—Composite curve showing the length of leaves in centimeters in six selections of 

barley, 

measurements accurate, but even then the width was much less 
variable than the length. All measurements, consisting of 100 leaves 
of each strain, showed a sharp curve in width, but a flat one in 

length, the latter sometimes having two summits. Composite curves 
are Shown in figures 8 and 9. 
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The summary of leaf measurements of 316 pedigreed selections 
in Table IV shows that the common taxonomic groups, based upon 
spike characters, are correlated in the nature of their leaf growth. 

TaBLe [V.—Summary of measurements of the width and length of barley leaves 
made at St. Paul, Minn., in 1911, arranged according to the common taxo- 
NOMIC Groups. 

af width. seaf length. Niihber Leaf width Leaf lengt 

Group. of 

strains. Greatest.| Least. | Average. | Greatest.| Least. | Average. 

Mm. Mm. Mm. Cm. Cm. Cm. 
Hordeum sativum erectum..... 11 17 13 14.0 26 22 23.9 
Hordeum sativum nutans: 

one-haireds = seess-cc cess 67 14 9 11.4 27 20 23.0 
Short-haired..:. 2.5. ..26.-- 18 18 10 13.6 28 20 24.2 

Hordeum sativum vulgare: 
Manchuria types— 

Long-haired...........- 49 18 13 16.1 25 20 22.6 
Short-haired, white. .... 85 20 15 Le 26 22 23..7 
Short-haired,blue 

GIGUFOMi eis eceecet cess 34 19 14 16.8 25 21 23.3 
Russian types........-.----. 23 19 13 17.0 27 22 23510 

Hordeum sativum hexastichum. 29 19 10 15.4 26 19 22.2 
1 6 

NUMBER OF LEAVES. 

The number of leaves, excluding, of course, those’formed before 
the appearance of the shoots, is the same note as the number of elon- 

gated internodes in the culm. The number of leaves above the basal 
rosette is a variable, but at the same time rarely a useful distinction 
in breeding. Strains may be found which are very different, but 

usually they are not closely related. Thus, in the variety Hannchen 
the number often drops to three and seldom goes above five. In the 
selection of Hordeum sativum hexastichum the number rarely falls 
as low as five and is usually six or seven. This distinction, however, 
is not necessary to separate these forms. In each of several hundred 
Manchuria selections the number of leaves per culm fell upon either 
four or five, giving no opportunity for separation. 

THE DENSITY OF THE SPIKE. 

The writer is inclined to place even more importance upon the 
density of the spike than has been the tendency of many barley 
breeders. Aside from its finer distinctions, some of the effects at- 
tributed to other characters are in reality due to the length of the 
internode of the rachis. Most investigators have attributed the dif- 
ference between Hordeum sativum vulgare (tetrastichum) and Hor- 
deum sativum hexastichum to a difference in fertility. They have 
considered that in Hordeum sativum vulgare the side florets are more 
reduced than in Hordeum sativum hexastichum. This supposition is 
not borne out by the facts. In the Hordeum sativum hexastichum the 
central row is as favored in nutrition as it is inthe Hordewm sativum 



DISTINCTIONS IN CULTIVATED BARLEYS. 17 

wulgare. This is easily demonstrated by weighing kernels from side 

and central spikelets. In the Hordeum sativum vulgare the lateral 
kernels, compared with the central ones, are actually greater in rela- 
tive weight than is the case in the Hordewm sativum hexastichum. 

Differences other than density are likely to be due to the nature 
of the attachment of the lateral spikelets. Systematists describe the 
barley spikelets as sessile. This is true in most cases, but it ap- 
proaches an exception in Hordewm sativum hexastichum. In this 
group the central spikelets are sessile as usual, but the lateral ones 
either possess an elongation of the base of the flowering glumes or 

else are pedicellate. Among the barleys collected by the writer is a 
Greek form in which the lateral spikelets are elevated upon a pedicel 
that is over one-half as long as the length of the rachis internode 
itself. This pedicel is jointed both at its attachment to the rachis 
and at its attachment to the floret. It is the longer attachment of 
the lateral spikelets that allows the characteristic radial arrangement 
of Hordeum sativum hexastichum. Density is, however, a parallel 
factor. The compactness of the spike forces the kernels to assume 
certain relations. Both in Hordewm sativum heuxastichum and in 
Hordeum sativum erectum, the kernels are placed at a much wider 
angle with reference to the rachis than in Hordeum sativum vulgare 
and Hordeum sativum nutans. The Swedish Plant-Breeding Associ- 
ation at Svalof has considered the angle of the inclination of the 
kernels as one of the more important of their notes. It is the opinion 
of the writer, however, that, with rare exceptions, it will vary di- 

rectly with the density, and is therefore superfluous if the latter 
measurements be taken. 

In breeding, density has not been utilized as fully as its value 
seems to warrant. Voss (25), Kérnicke (15), and Atterberg (2), 
have used it in group classification, and Atterberg, Blaringhem (8), 
and the breeders at the Svalof station have used it in studies of - 

variation and purity, but in the opinion of the writer its possibilities 
in the isolation of types and in the identification of strains have been 
far from exhausted. 

In the years from 1909 to 1913 a close study of density was made, 
both upon general farms and in experiment-station nurseries. - In 
this study, 100 spikes of each variety were taken without other 
choice than that they were not diseased or dwarfed. On each of 
these spikes 10 internodes of the rachis were measured; that is, the 
distance was between six spikelets on one side of the rachis. From 

these measurements the number of internodes per decimeter was 
computed and this number taken as the unit of density. The for- 
mula was then D=1,000-—L, where L was the length in millimeters 

of 10 internodes of the rachis. 
52783°—Bull. 137-3 
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The use of this formula, while it makes the statement of density 
more definite, disturbs the natural curve of the measurements to 

some extent. In all densities below 31 the tendency is to condense 
the grouping; above that fig- 
ure the opposite is true! The 
worst effect—that of bunching 
the figures when two-length 
measurements fall upon the 
same density—was avoided by 

C2 29 2¢ 25 26.27 29 29 GO Bl G2 33 the use of fractions. None of 
DENSITY 

Fie. 10.—Curve showing the density (num- the curves have been smoothed, 

ber of internodes in 1 decimeter) of 100 however, and it will be noticed 

ae ae ae barley, from a Hels that those of the greater den: 
sities, especially, are slightly 

rough. This roughness is more mathematical than real, but it 
seemed more desirable to present the figures as they were than to 
make them still more artificial by smoothing them. 

In a pedigreed strain the curve 
of density is normally sharp, with 
a single summit. If the seeding 
is not pure, or if the heads from 
two plats become mixed, the curve 
is flattened and is characterized 
by more than one summit. Al- 
though included for another rea- 
son, the normal curve of a pedi- 
greed barley is well illustrated in 
figure 12. When this is compared 
with the curve of the field sample 
of Manchuria shown in figure 10, 
the significance of density is read- 
ily appreciated, especially when it 
is remembered that the Manchuria 
is what is known as a variety and 

\) is) 

NUMBER OF SPIKES 

a Q 

NUIIGER OF SPIKES, 

ol€ contains no types that merge into 23 25 26 27 28 29 30 
a shee gi DENSITY 

such other 6-rowed varieties as : 
; Via. 11.—Curves showing the density of 

Bay Brewing or Odessa. 100 spikes from two plats of Sandrel 

That density of selections is an Ea el eae Amt pacmetncee iret Cen enete 
= ; parts of the 1913 nursery at St. Paul, 

accurate and comparable note in a Minn. 
nursery where the object is to 
obtain like conditions for all selections is shown in figure 11. The 
Sandrel was included twice in the 1913 planting. The beds were 
separated by such a distance as to represent the extremes of soil 

variation in the nursery. The difference in density is very slight. 
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The summits of the curves are separated by only one unit of density, 
but even this is seen to be too great when the entire curves are con- 
sidered. Although the second summit is on 27, there are 46 spikes 
whose density is less than that number and only 12 whose density is 
greater. The actual separation — 
is nearer five-tenths of a unit. 
The degree of separation af- 
forded by a difference of only 
two internodes to the decimeter 
is shown in figure 12. These 
are two selections of Manchu- 
ria barley taken at random 
from Table V. By chance, 
they are somewhat more ideal 
than the average strain in the 
same table. A difference of 
only two units in density, when 
taken alone, is perhaps too . 
shght a basis upon which to Ne ote SS 

separate strains, yet, as is ene 

SO 

Ny 9 

y is) 

8 

NYMEER OF SHIKES 

s 9 

Fic. 12.—Curves showing the density of 

shown in the figure, the field 100 -spikes) fromiitwo selections’ of) Mane 
of actual mereines is very echuria barley grown at St. Paul, Minn., 

mice ain, Y in 1913. 
small. 

The value of this character in the nursery is shown in figure 18. 
These barleys are all closely related pedigreed strains of Manchuria. 
Most of them were from head selections made upon farms in south- 

eastern Minnesota. The curve represents the summits of the curves 
of densities of the 

{2 individual selec- 

e 2 tions. The varia- 

iy ze tion is consider- 
ss Zan able and is sufh- 
rg 24 cient to establish 

§ some differences of 

30 itself. It is, how- 
Bes = ever, only when 
26 RAY several characters 

7577 99 96 89'/03 /00 /Of S54 5 6 55 67 102 p a 
SELECTION NUMBERS OF STRAINS: are compal ed that 

Fic. 18.—Curves showing the average density and the date the full value of 

of emergence of the awns in 16 selections of Manchuria : { : 

barley grown at St. Paul, Minn., in 1913. any, HOte 1S appar; 

ent. For this pur- 
pose, the date of the emergence of the awn is placed also in figure 18. 
As they are in no way parallel, the combination of the two curves 
more than doubles the value of each. It will be noticed that Nos. 3, 

6, and 55 are suspiciously similar, the density and the date of emer- 
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gence of the awns of the three being identical. The records show 
that the emergence was also on the same date the previous year. 
No. 55 is proved to be distinct by the nature of the rachilla, but the 
date of heading, time of stooling, etc., are parallel in Nos. 3 and 6, 

and there is little doubt that they 
are identical. 

While not pertinent to this 
phase of the discussion, the 
curve of density and the curve of 
emergence of beards are almost 
opposite in the Manchuria bar- 
ley. In other words, there seems 
to be a direct correlation be- 

6 32 tween density and earliness. In 
figure 14, in which are assembled 
a number of other types of 6- 
rowed barleys that are for the 
most part not closely related, 
this is not true. 

The first five selections, the 

sre are elie beers ae densities of which are shown in 
the awns in i2 miscellaneous selections figure 14, are from a commercial 

areas grown at St. Paul, Minn., in variety known as Odessa. This 

so-called variety seems to be a 
loose assemblage of widely varying types, which are, however, ones 
not common in other 6-rowed barleys. The component strains are 
not nearly as closely related as are those of the Manchuria. That 
this variety itself is of hybrid origin or that there has been crossing 
between its members 
is indicated in figure 
15. Thisselection, the 

most dense of those 
made from the Odessa 
variety, proved un- 
stable. The number 
of plants bearing 
‘dense heads was 71, 

as opposed to 16 for 

YuULy 

SUNE 

DAITES OF EMERGENCE 

/99 GS WGA UP 77 G2 8 
9 94, 6 a NUMBERS OF STRAINS. 

NUMBER OF SPIKES 
ey S 8 

24 25 26 27 27 29 GO Bl G2 G9 GAGS 36 97 G8 39 FOU F243 

the looser ones. DENSITIES 

While a character Fic. 15.—Curve showing the density of 134 spikes of 
: : Odessa (No. 9) barley grown at St. Paul, Minn., in 

need not be invariable j913 

under all conditions in 

order to be useful, a test was made to discover the effect of soil and 

climate on density of spike. Six selections were planted at St. Paul, 

Minn., at Chico, Cal., and at Aberdeen, Idaho. At Aberdeen they 
were grown both under irrigation and upon dry land. The measure- 
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ments at St. Paul and at Aberdeen were made by the writer, while 
those at Chico were made by Mr. E. L. Adams. The result is shown 
in figure 16. As a whole the variations were parallel, Nos. 6 and 35 
being strikingly so. The four less dense selections showed an extreme 
variation of only three units, while the two dense selections varied 
much more. In No. 32 this was due in part to poorly developed 
heads; at St. Paul, particularly, its spikes were so short that it was 
-impossible to find many in which five successive nodes bore fertile 
florets. The effect of sterility is to lengthen the internode of the 
rachis. All types were most dense at Chico and least dense at St. 
Paul. The effect of irrigation as shown 
at Aberdeen was very slight, especially 
when compared with the effect of the 
combined factors of geographical loca- 
tion. 

The character of the curves was in- 
fiuenced even less than their relative 
density. Table V shows the distribu- 
tion into their various densities of 100 
spikes from each of 59 plats of barley. 
By referring to Table V it will be seen 
that some selections always present amuch 
sharper curve than others, and thus af- 
ford opportunity for varietal distinc- 
tions in the distribution of the measure- 
ments. Avoiding the extreme examples, Fic. 16—Curves showing the 
it will be noted that the spike of No. 30, pei angele vps eo 
for instance, which has already been at St. Paul, Minn., and on irri- 
condensed three or four units by the use 224 and_umirrigated land at i pero & Aberdeen, Idaho. 
of the formula for density, is still less 
compact than No. 35, which by the same operation has been made 
to appear slightly less compact than it really is. At St. Paul, No. 35 
has a total of 85 per cent of its spikes within three units in one in- 
stance and 91 per cent in another, while No. 30 has but 82 per cent 
within this limit. At Aberdeen, under irrigation, No. 35 has a total 
of 91 per cent of its spikes within three units, while No. 30 has but 
18 per cent; upon the dry farm at the same place, No. 35 has a total 
of 81 per cent of its spikes within three units, while No. 30 has but 
17 per cent; and at Chico, No. 35 has 94 per cent of its spikes within 
three units, while No. 30 has 91 per cent. 

DEN SIIVES 

ee 
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TABLE V.—Distribution into their various densities of 100 spikes from, each of 
59 plats of barley. 

if , 

Number of internodes in one decimeter. 

Place and name. poe au 

21/22) 23) 24 | 25) 26/27 28 29/30 31 32:33/34/35 36 37 38)39)40 41/42 43/44)45!46 
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Svanhals 19 22| |. .| Olek Slee 1| 1] 9/23 35/24, 4) 3]--)..)- eleehs 
Featherston ae) B32 29 ppp yO VP Pb eh 
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1 Featherston, Luth, and Meyer are all Manchuria or Oderbrucker barleys, named from the farms upon 
which the selections were made. Measurements of 134 instead of 100 spikes are given in Odessa No.9, which 
broke up intotwotypes. The Excelsior barleys were from general fields, three of which were unpedicreed. 
At Aberdeen, rows 26 to 103 were irrigated, While rows 326 to 403 were grown upon dry land. The uregu- 
ee anh Mariout is largely due to imperfect spikes. 

ie 
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FERTILITY. 

‘The variation in fertility is the most evident and the most vital of 
all the modifications that occur in barley. At each node of the 
rachis a group of three single-flowered spikelets is produced. In 
the 6-rowed barleys, each of these develops a separate kernel. As 

the groups of spikelets are placed alternately on opposite sides of 
the rachis the result is six columns of kernels from the base to the 
tip of the spike. . In the 2-rowed barleys, only the central spikelet 
at each node is fertile, and therefore there are but two columns of 

grains. This reduction does not take place by the elimination of 
the outer spikelets but by their sterility. The median floret of each 

set of three accomplishes its normal development, while on either 
side are the small, undeveloped, infertile florets. However, the 
sexual organs have not disappeared. The three stamens reach an 

appreciable size and the ovary, though rudimentary in some ways, 
persists even to the plumose stigma. In one group of the 2-rowed 

barleys there is a still further modification of the lateral florets. In 
Abyssinian barleys there is a considerable number of forms in which 
the lateral spikelets are rudimentary; that is, they no longer contain 

even infertile flowers, the whole spikelet being reduced to structures 
that are little more than hairlike. 

In the experience of the writer these well-known taxonomic divi- 
sions have proved entirely stable. The observations have included 
hundreds of varieties, and these varieties have been grown under 
such varying conditions as to stimulate monstrous developments in 
many structures, but in no case has there been indication of bridging 
over these separations. It is the opinion of the writer that the numer- 
ous instances of exceptions recorded have been misinterpreted. The 

one cited by Kornicke (15) was most probably a cross, as the varia- 
tion of the progeny was such as is always secured by hybridization. 
The more common exceptions usually described are the occurrence of 
3-rowed and 8-rowed freaks, and 2-rowed barleys in which some of 
the lateral florets are fertile. All three exceptions are probably due 
to the formation of adventitious spikelets. Such spikelets are com- 
mon, and if several of them occur along one side of the rachis of a 2- 
rowed barley the result is a 3-rowed spike. If a duplication of the 
groups of spikelets at the nodes of one side of the rachis occurs in a 
6-rowed barley, the result is nine rows, which, if imperfect in any 
way, are easily mistaken for eight. It is entirely possible that florets 
of lateral spikelets of 2-rowed varieties are sometimes fertile, but in 
practically all of the numerous cases that have been noted by the 
writer a close inspection of such grains has shown them to be adven- 
titious, with the sterile floret also present. 
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Aside from the observations upon established forms, it has been 

the fortune of the writer to isolate a number of which there seem 
to be no published descriptions. These all came from Abyssinian 
barleys, and, as the work is not yet completed, only a general indi- 
cation of the resuits need be given here. The group of 2-rowed 
barleys with rudimentary florets seems much larger than has been 
previously thought. They vary from the wide zeocrithonlike types 
to narrow nutanslike forms and through a series of colors and com- 
binations of colors. In barleys received from the same region there 

is a group with a curious irregular, yet heritable, habit of floret 
abortion. In the ripened spike the spikelets are normal at the base 
and for a varying distance toward the tip. The upper portion 
usually reduces suddenly to a 2-rowed form. In this case the lateral 
spikelets are not merely sterile, but are reduced to only the outer 
glumes and the rachilla, the floret having disappeared entirely. The 
spikes are found to present these modifications even when the head 
first emerges from the boot. The actual time of the reduction has 
not been determined, but it is so early that no scar is present, indi- 
cating that the floret never started to develop. 

THE EMPTY, OR OUTER, GLUMES. 

The outer glumes present but two phases. They are usually nar- 
rowly lanceolate, but in rare forms are ovate lanceolate. In the 
latter case they generally bear moderately long awns. A few inter- 
mediates are formed by combinations in which only certain ones 
instead of all the normal outer glumes are replaced by ovate-lanceo- 

late ones. In this investigation, while numerous ovate-lanceolate 

selections have been made, there has been nothing added to the 
information already at hand. 

THE FLOWERING GLUMES. 

Two of the variable features of the flowering glume are treated 
elsewhere. The toothing of the nerves is considered with the rest 
of the Svalof system under a later heading. The color of the glumes 
ig taken up with the color of the other plant organs in the general 
discussion of pigmentation. Most of the remaining variable points 
of structure in the flowering glume are to be found in its terminal 
appendages, which are usually awns, but may be trifurecate hoods, 
in the nature of its base, and in its adherence or nonadherence to the 
pericarp. 

AWNS. 

The dimensions of the awns are naturally their most apparent 
variable features. There are marked varietal differences in both 

length and breadth of awns, but, unfortunately, they are so corre- 
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lated with the taxonomic groups as to make them of slight use in 
separating nearly related strains. All the Hanna barleys have long, 
narrow awns; the zeocrithon and hexastichum forms have short, 
rather broad awns and the naked barleys excessively broad ones. 
In the Manchuria group there is some suggestive variation, but it 

needs the support of other variants to become convincing. 
There is, in addition to these rather narrow variations, a still 

greater difference in length of awn. In these cases an abrupt and 
conspicuous reduction takes place. There are botanical varieties 
characterized by very short awns and others in which the glume is 
merely pointed.. Derr (12) secured such a form through crossing. 
Such variations make a very decided separation from their long- 
awned relatives. 

The toothing of the awn is subject to many variations, some of 
which are constant. The distinctions are often merely those of degree. 
There are forms, especially in the hexastichum and zeocrithon groups, 
in which the toothing is very profuse and the individual teeth very 
large. These characters are constant and are inherited, with no more 
tendency to variation than are other vegetative characters. In the 
Manchuria-Oderbrucker barley the teeth are numerous, but only 
average In size, being much smaller than the ones referred to above. 
The 2-rowed barleys of the Hanna type have fewer and very much 
smaller teeth than the Manchuria. In still other barleys the awns 
are smooth. In 1910 the writer isolated from a mixed Hanna barley 
a form in which the awn was smooth, except for a few small teeth at 
the tip. In 1911 two plants were secured from an English importa- 
tion of a seldom-cultivated botanical variety in which the awns are 
absolutely smooth. Hybrids of this selection upon Manchuria and 
Bay Brewing sorts show the toothing to be dominant over the absence 
of teeth. In the second generation smooth awns again appeared. 
Regel (22) and others have reported a considerable number of such 
barleys. 

Although it seems not to have been used by systematists, the rigid- 

ity of the awn has been found to be serviceable in varietal descrip- 
tions. From most barleys it is broken rather easily in thrashing, 
but there are some which will not thrash clean, no matter how much 
effort be expended. This character is commonly recognized in the 
California barley, but exists in Mariout, in some of the selections 
from Odessa, and in numerous others as well. These varieties have 
been grown at a large number of points and show no inconstancy in 
this character. 

There is also a difference in the persistence of the awns. There are 
a few varieties that are almost deciduous. The Primus, for instance, 
has been observed in a great variety of locations, and it always drops 
a large percentage of its awns as it ripens. The loss of the awn in 
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such varieties does not come about through the breaking of that 
organ, but by its being loosened from the glume. It is the tissues of 
the glume that give way, and lack of persistence is thus in reality a 
character of that organ. 

In the hooded barleys the awn of the flowering glume is replaced 
by a trifurcate appendage. This is of evident monstrous origin and 
is connected with the awned class by no true intermediates. The 

exact nature of the appendage is not clear. In structure the parts 
appear to be the result of vegetative stimulation, and they are glume- 
like in appearance. The fact that they are three in number and that 
they bear rudimentary florets indicates that they are a partial repeti- 
tion of the spikelets of an internode, the leafy segments being the 
flowering glumes. The character is absolutely constant. 

THE BASE OF THE FLOWERING GLUME. 

The method of the attachment of the lemma, or flowering glume, 
to the rachis has been shown by Atterberg (1) to be a distinguishing 
mark between the erectum and nutans groups. In the nutans group 
the grain (and therefore the flowering glume) is attached by a very 
constricted band of tissue which, when separated, leaves the proximal 
extremity smooth. The surface is oblique to the long axis of the 
grain and presents a small horseshoe-shaped depression just above 
the line of attachment. In the erectwm group there is more than one 
variation of form, but all are centered around an attachment to the 
rachis that is much broader than in nutans and the depression is 
absent. When the central nerve of the dorsal glume is not too large 
and continued too far through the base, a transverse crease is found 
just above the attachment. The 6-rowed barleys are separated by 
the same means. 

ADHERENCE OF THE FLOWERING GLUME TO THE PERICARP. 

The normal form of barley is one in which the glumes are grown 
fast to the pericarp. There are numerous varieties in which this 
union does not occur. These constitute our naked barleys. Both 
forms are absolutely stable. The character offers no opportunity for 
minor distinctions, unless it be in such cases as Princess, which the 

Swedish Plant-Breeding Association maintains has a low weight per 
bushel, owing to an abnormally loose attachment of the glumes. 

THE SVALOF CHARACTERS. 

In 1889, Neergaard (19), of the Swedish Plant-Breeding Associa- 
tion at Svalof, announced the most important discovery in the classi- 

fication of the lesser groups of barley that has ever been brought to 
the attention of the world. Not only was it of exceptional intrinsic 
value, but it acted as a great stimulus in the study of elementary 
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forms and has been the cause of much of the progress that has been 
made in the isolation of biotypes. 

Neergaard’s work was based upon the careful study of the spike. 
He discovered that two previously unobserved variants were de- 
pendable morphological distinctions. These were the nature of the 
covering of the basal bristle and the toothing of the inner pair of 
dorsal nerves. The basal bristle, which is the continuation of the 

rachilla of the spikelet, is clasped within the folds of the glumes 

and is carried with the kernel when it is removed from the spike in 
the process of thrashing. The bristle is covered in some cases with 
long, stiff hairs; in others, with short, curly ones. The inner pair 

of nerves upon the dorsal surface of the grain are in some cases pro- 
vided with numerous, small, translucent teeth; in others they are 

smooth. 
The use of these two new characters gave four separations in any 

group, 1. e., long-haired bristle and nerves without teeth, long-haired 
bristle and nerves with teeth, short-haired bristle and nerves without 

teeth, and short-haired bristle and nerves with teeth. When these 
separations were apphed to the larger groups, Hordeum sativum 

erectum, Hordeum sativum nutans, and Hordeum sativum vulgare 
(tetrastichum), 12 smaller groups resulted. 
Although this new grouping was only a small part of the Svalof 

observations on barley, it soon became known as the Svalof system, 
due no doubt to its novelty. As a new departure it has been subject 
to much more controversy than have most of the older and univer- 
sally accepted taxonomic features. Several breeders, among whom 
Broili (10) is the most notable, have attacked the system and de- 
clared that, though the characters might be trustworthy at Svalof, 
when the plants were grown under other conditions they did not re- 
main constant. Tschermak (13, p. 286), Blaringhem (7), and others, 
have supported the investigators at Svalof in the matter of the basal 
bristle, but have not committed themselves so completely with ref- 
erence to the toothing of the nerves. Since the point of contention 
is the effect of soil and climate, observations in this country are of 
many times the natural value of those in Europe. The variation be- 
tween California and Minnesota or Idaho and Virginia represents a 
range that is impossible to a European breeder. 

Observations have been made upon some hundreds of selections 

representing all botanical groups. Very little variation was found 
in the nature of the rachilla. All observations tend to credit this 
character with as much stability as is usually found in taxonomic 
work. As would naturally be expected, the toothing of the dorsal 
nerves has been found to be more,variable and more influenced by 
climate. The rachilla is the axis of the spikelet, a definite and vital 
portion of the fruiting body. The’teeth on the dorsal nerves are of 
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no vital significance, being mere manifestations of the epidermis. 
The writer feels that the Svalof position has here been injured by a 
defense that is too enthusiastic. The fact that variations may or 
may not occur in a strain is of little importance if the limits are de- 
finable. No doubt there is variation, and it is especially noticeable in 
the sparsely toothed varieties. A cactus under proper conditions 
will display leaves, yet no one will question the propriety of describ- 
ing the cacti as leafless plants. They never become foliage plants, 
and no more do we expect a smooth-nerved Hanna selection to show 

the strong toothing of the Manchuria. It may at times present a 
few scattering teeth, but it would never become even moderately 
strongly toothed, and certainly there are strongly toothed sorts that 
are never anything else. 

VARIATIONS IN THE KERNEL. 

The kernel itself varies in many ways. The more definite varia- 
tions not treated elsewhere are shape, dimensions, weight, and com- 

position. 
SHAPE OF KERNEL. 

The shape of kernel is well established as a group distinction and 
is often a varietal characteristic. The 6-rowed varieties are sharply 
set off from the 2-rowed ones by the twisting of the lateral kernels. 
Even the central kernel of the 6-rowed varieties, although it is not 
twisted as are the lateral ones, is still of a shape different from that 
of the 2-rowed sorts. In the 6-rowed varieties the greatest diameter 
is nearer the distal end of the grain, while in the 2-rowed ones it is 
nearer the proximal end. 

Within the groups the separations are naturally less marked. 
Certain Finnish and Russian barleys may readily be distinguished 
from the Manchuria because of their being less nearly oval in 
shape. The extremities of the grain are more pointed, giving a 
fusiform, or spindle-shaped, seed. The Goldthorpe barleys, espe- 
cially such extreme types as Standwell, are readily separated from 
the other 2-rowed forms. The Swedish Plant-Breeding Association 
reports that Hannchen and Princess can be readily distinguished in 
bulk samples by the shape of the kernel. Most of the distinctions, 
however, are so dependent upon the relative proportions of the grain 
that it is impossible to consider shape independent of dimensions. 

THE DIMENSIONS OF THE KERNEL. 

The barley kernel varies in length, width, and thickness. At times 
one or all of these may constitute a varietal character. No other bar- 
ley could be confused with the Smyrna. Its long grain is unique. 
It is also very doubtful whether a second strain could be found that 
possesses the unusual breadth of the Standwell. In all but these 
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very extreme types the use of these variants must rest upon statis- 
tical methods. 

At any place, the product of a variety in the same season is sufi- 
ciently uniform to give a decided indication of the average size of 
the kernel with 100 measurements. The size of the kernel is, how- 
ever, but partially dependent on variety. Table VI gives a summary 
of measurements made upon samples of grain of three varieties of 

barley grown at various points in the United States. In this table 
the columns marked “Greatest” and “ Least” have very little sig- 
nificance, but the averages are quite instructive. The variation is 
remarkably uniform. The length and the lateral and dorso-ventral 
diameters of Princess each differ about 0.5 of a millimeter in the 
averages, while the dimensions of Primus each vary 0.4 mm. and 
those of Chevalier II 0.2 mm. It does not necessarily follow that 
Princess is the most variable of the three. This variety was sub- 
jected to more extreme conditions than the other two, and in two 
locations the development was hardly normal. 

TABLE VI.—Dimension measurements (in millimeters) of 100 kernels of each of 
three varieties of barley. 

Length. Lateral diameter. | ? oreo ene diam- 

Variety and place of production. 

Great- Wenst. Aver- Great-| 1 east. Aver- | Great- 
est. age. est. age. est. "| age. 
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Svalof, Sweden.........-...--..-- 
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Bonsall Calis ce sas 5- 18g. sens ces 
WATMAriNO ML Ok ccc sees sce eecet 
Milwaukee, Wis... - <<: s-j002- 2. 
Fort Atkinson, Wis.......-...--- 

puevalicr TI: 

i 
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PSeosS NOONO OoOwnony 

Be 

7 

St. Paul, rbriaho aa Mee pemeas Seles a 
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Of the three measurements, that of length is obviously the most 
dependable. The actual variation is no greater, and since it is based 
upon a much larger figure it is relatively less. Also, the two diame- 
ters are more affected by ripening conditions than is the length and 
are therefore less serviceable for local distinctions. The length seems 
to be determined by varietal and climatic influences early in the life 
of the plant, while the diameters are dependent upon the quantity 
of starch infiltration at ripening time. This is well illustrated in 
the two samples of Princess from Huntley, Mont., one of which was 
grown by irrigation and one on dry land. The length of the kernels 
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in the two samples was practically identical, while the diameters 
showed the greatest variations found within a variety. 

The weakness of all grain measurements is not in the variation 
but in the fact that the interval between varieties is not great. The 
total range of averages is not large, and while many selections may 
be distinguished, a great many more must remain inseparable be- 
cause of identical cr nearly identical dimensions. 

WEIGHT OF THE KERNEL. 

The weight of 1,000 kernels is a determination that has been con- 

sidered indispensable in the appraisement of exhibition samples, 
and it is also a very useful record in plant breeding. From the 
nature of this factor it is to be expected that it will vary with con- 
ditions and culture, but usually the variations are more or less par- 
allel. In this investigation certain varieties have always been found 
relatively high and others relatively low in kernel weight, regardless 
of location or season. The character is, however, a varietal one and 
not often useful in separating related strains. 

COMPOSITION OF THE KERNEL. 

The varietal’ character of any barley, as far as composition is 
concerned, is subservient to climatic conditions. For example, if 
it is grown in California it will be much lower in nitrogen than if 
grown in Minnesota. The average differences in the composition 
of all varieties grown at two places is often greater than that be- 
tween the two most extreme varieties at either place. Despite this 
fact, there is an actual varietal tendency. The Svanhals is reported 
in Sweden to be relatively high in nitrogen for a 2-rowed barley, and 
it is also high in this country. Analyses of samples of California 
feed from many States in the West and in the Plains area showed 
that this variety was always lower in nitrogen than other 6-rowed 
forms. Le Clerc and Wahl (17) found that the average protein 
content for Bay Brewing from all points was 10.73 per cent, while 
for the ordinary 6-rowed variety it was 11.86 per cent. 

It is doubtful whether a factor with such wide and easily influ- 
enced limits can be made to be of assistance in the separation of 
strains, Save in exceptional cases. It can, however, be used in the 
description of varieties, and may be of much importance in the 
selection of sorts adapted to satisfy market demands. 

PIGMENTATION. 

Color is one of the most easily determined characters of barley, 
but, unfortunately, it is also one of the most treacherous distinctions. 
The occurrence of pigments in certain cases and in certain tissues is 
undoubtedly hereditary and is transmitted unfailingly from genera- 
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tion to generation. In other cases the color appears intermittently 
or sporadically in strains and tissues ordinarily free from pigments. 
This erratic behavior, coupled with the fact that white, brown, 
black, violet, purple, amber, and blue-gray have been used in various 
classifications, led the writer to make a study of the pigmentation of 
barley. Since the colors in the seed seemed to be more numerous and 
less variable than in the other parts of the plant, the grain was used 
as the basis for the investigation. 

The technic was adapted from that used by Mann (18) in his 
identification and location of the pigments in the cowpea. The 
grains were“first examined by sectioning them dry. This avoided 
any modification such as might easily come from the action of solv- 
ents in an embedding process, or even from water if a freezing 
method were used. The hand sections were equally as satisfactory 
as those made with a microtome, as the areas in question were readily 
defined and the colors more easily seen in moderately thick sections 
than in very thin ones. The reagents most extensively employed 
were caustic potash, hydrochloric acid, and chloral hydrate. The 
sections were placed dry upon a microscope slide underneath a seven- 
eighths-inch cover glass, held in place by a drop of paraffin on either 
side. The reagents were drawn beneath the cover glass by means of 
blotting paper and their action watched through the microscope. 
Two per cent solutions of the acid and of the alkali and a saturated 
aqueous solution of chloral hydrate were used in these tests. If the 
pigment showed no change within a few minutes, the reagents were 
allowed to remain upon the section for some hours. In such cases, 
larger pieces were also placed in small vials containing 15 per cent 
solutions and examined at the end of 24 hours. 

Tt soon became apparent that there were two pigments in barley. 

One was readily affected by the weak solutions, and from the nature 
of its reaction was undoubtedly anthocyanin, which occurs widely in 

the plant kingdom in both its red, or acid, and its blue, or alkaline, 
form. The other resisted even prolonged soaking in the more con- 
centrated solutions and was probably a melaninlike substance. 
The first varieties studied were those in which the adhering glumes 

were black. No change was effected by either the weak reagents or 
the prolonged soaking in concentrated solutions. The black did 
indeed become a brown, but this was most probably due to the dis- 
tention of the pigment-containing tissues attendant upon the absorp- 
tion of water. As a considerable number of varieties with black 
glumes were tested and as the results were uniformly the same, it 
would seem that a black or brown pigment in the glumes may be 
attributed to a melaninlike compound. 
A number of Abyssinian varieties with purple glumes were sec- 

tioned and treated with the reagents. The purple color responded 
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at once to weak solutions. It immediately became blue when treated 
with the alkali and became red again when the acid was applied. 
The chloral-hydrate test here and in all other instances was less 
definite than in the case with most anthocyanin deposits. Upon its 
application the red color faded very slowly, until the natural yellow 
of the glumes became apparent. The red immediately returned when 
acid was added. ‘There is no reasonable doubt that the color in these 
barleys is due to anthocyanin. 
A naked barley with a violet or.purple pericarp was examined. 

This color was also readily demonstrated to be anthocyanin. In this 
instance, as in some others, the pigment was found both in the peri- 
carp and in the aleurone layer. In the former tissue it was red and 
in the latter blue. When treated with acid the red was unchanged, 
of course, while the blue also became red, greatly intensifying the 
effect. 

In all barleys studied the anthocyanin was always red in the peri- 
carp and glumes and always blue in the aleurone layer. In other 
words, the resting condition of the protoplasm was alkaline, while 
the inert tissue seemed to be in an acid condition. 

A new form of naked barley isolated from an Abyssinian importa- 
tion gave striking testimony of the taxonomic value of the distinc- 
tion between the two pigments. This selection has a dense black 
pericarp. It was absolutely resistant to all concentrations of re- 
agents, showing the pigment to be melaninlike. As far as the writer 
can learn, there is no other naked barley of the nutans group in 
which this pigment occurs, and this botanical form has no published 
description. 

The last variety studied was Hordeum vulgare pallidum coerules- 
cens. This variety has the peculiar blue color well known upon the 
market in Californian, Chilean, and similar barleys. The color has 

been held to be variable by both grain dealers and scientists. Regel 
explains its lack of stability by calling it a hybrid form. Examina- 
tion showed the color to be due to a deposit of anthocyanin in the 
aleurone layer. This layer was readily changed to red by the appli- 
cation of acid and was as readily made blue again by the use of alkali. 

The stability of this and other forms was studied in the fields. 
Anthocyanin seems likely to be found in any plant and in any part 
of the plant. It seems to appear abnormally in cases of malnutrition 
and is very likely to occur in conductive tissues that are ceasing to 
be functional. It has, however, a normal phase in the grain. In 
certain naked forms its stability is unquestioned, and, to the writer’s 
mind, its variability in coerulescens has been overestimated. The 
hybrid theory of Regel in regard to coerulescens becomes untenable 
when two pigments are admitted. If an intermediate, it could be 
so only between a white variety and a black one. This is evidently 
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impossible, because a cross between a form with a melaninlke pig- 
ment and one with no pigment could not result in one characterized 
by the production of anthocyanin. The widespread opinion of va- 
riability is possibly due to faulty observation. ‘The deposit is in the 
aleurone layer, and the color is sometimes obscured by the glume. 
The weathering of this organ, especially in humid areas, greatly les- 
sens its transparency. The aleurone layer is covered by both peri- 
carp and hulls. The color must not only be pronounced to enable 
one to detect it from without, but the coverings must also be passably 
transparent. When ripening occurs in rainy weather this is not the 
case, and the hulls must be removed in order to make a trustworthy 
determination. Maltsters often speak of the blue grains that appear 
after steeping—that is, when the coverings have become trans- 
parent. 

There is undoubtedly a difference in the quantity of the pigment 
deposited from year to year. Part of this may be due to the condi- 
tions of growth and part to the conditions of ripening. This pig- 
ment, like melanin, is formed during the later stages of growth. It 
may be that an abbreviation of the ripening period, due to heat or 
drought, would result in a reduction of pigment. 

The inheritance of this character has been tested by- observations 
upon several strains isolated from various barleys. These have been 
grown for several years and at a number of places, and in every in- 
stance the aleurone layer has retained a decided amount of blue 
color. The black colors have become more nearly brown in some 
places but have never disappeared. Blue-gray and violet-purple 
colors in naked barleys are due to blue anthocyanin in the aleurone 
layer combined with a pigment-free pericarp in the blue-gray and 
with a red anthocyanin deposit in the violet. Both are unquestion- 
ably inherited. 

Minor phases of anthocyanin formation are found in the foliage 
of the plant, in the nerves of the glume, and in the awn. A red 
foliage, although found more commonly in some forms than others, 
may ordinarily be disregarded. In most cases it indicates malnutri- 
tion of some sort. In the nerves of the dorsal flowering glume it may 
be more valuable as a distinction. A great many barleys show this 
character to some extent. Even the Hanna races possess violet or 
purple nerves just before ripening. None, however, develop the 
color to the degree that is attained by some of the Russian and Asi- 
atic forms. In the barley nursery there are several Russian selec- 
tions in which the stripes along the nerves are so broad that the 
grains are almost red. The same is true of the strain known as 
Kashgar, which was imported from the region of that name in India. 
With reference to the color of the awn, an apparent anomaly was 

noted in 1911. In a certain selection some spikes were observed in 
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which each awn was marked with two parallel stripes of red extend- 
ing from its base to its tip, and other spikes in which the same stripes 
were deep purple. When examined in the laboratory, the color 
proved to be two bright-red stripes in the epidermis, below which 
were two chlorophyll-bearing parenchyma areas running the full 
length of the awn. As long as the chlorophyll was present the color 

effect was deep purple, but as soon as this disappeared it was light 
red. 

SUMMARY. 

While all lesser distinctions must be based upon the broader. 
groups and no study of a cereal can omit its classification, the plant 
characters useful in taxonomic work and the ones most useful in 
plant breeding are far from being the same. Plant breeding is con- 
cerned with minute differences. The broad taxonomic divisions are 
serviceable only as groups. The problem of the nursery is not to 
separate a 6-rowed Manchuria from a 2-rowed Hanna barley, but 
to detect a variant in a plat of Manchuria. 

Strains are often shown to be distinct in early growth by their rate 
of development. All barleys rush through the early stages very 
rapidly, and a selection that is one or two days earlier than a second 
is very dissimilar in appearance on a given date. 

Leaf production is, in some ways, a varietal character. In some 
varieties the third leaf appears in three days after the second, while 
in others it occurs six days later. In the production of the fourth 
leaf even a greater range exists. 

In some strains the first tiller appears decidedly later than the 
fourth leaf. In others it appears earlier. In some the tillers are 
all produced within a short time; in others the process is extended 
over several days. 

The emergence of the awn is an extremely important note, as it 
occurs at a time in the life of the plant when such an observation is 
of great value. The development is usually normal at this time, as 
hot weather and drought have ordinarily not yet had any effect. 
The emergence of the awn has been found to be far more accurate 
and more easily obtained than the date of heading. The precocity 
of the strain at the time of the emergence of the awn is a heritable 
character. 

The date of ripening is, unfortunately, often influenced by season 
_ and, while a valuable character, is less dependable than the emergence 
of the awns. 
A comparison of the development during all stages serves to reveal 

many differences not apparent when each stage is taken separately. 

The length of the culm is of use as a local breeding note, but the 
variations are not parallel when strains are planted in totally dif- 



DISTINCTIONS IN CULTIVATED BARLEYS. 35 

ferent areas. The diameter of the culm is not serviceable, because 

nearly related barleys have culms of approximately the same size. 
The thickness of the walls of the culm is a note with a large experi- 
mental error and therefore of questionable utility. _ 

The degree of exsertion of the spike is sometimes a varietal char- 
acter but is not often useful. 

The number of culms per plant is to some extent a varietal char- 
acter, but selections are so affected by season and location that it is 
very difficult to use. The width of the leaves is useful in group 
distinctions and sometimes in varietal separations. The length of 
the leaves is much less dependable, and is serviceable only in rather 
extreme types. The number of leaves varies with the groups, but 
usually closely related strains possess approximately the same num- 
ber of leaves. 

The density of the spike may easily be made the basis of many 
separations. Often varieties that show no other differences are 
widely dissimilar in density. The density of a selection varies 
somewhat with season and location, but the mean is always sharply 
defined and the fluctuations more or less parallel. In some strains 
all spikes conform closely to the mean; in others the range is greater. 
This seems to be a varietal character and is constant even when the 

plantings are made under widely varying climatic and soil conditions. 
The established taxonomic groups based on relative fertility were 

found to be invariable under all extremes of American climate. 
The natural varieties in the deficiens group of Abyssinian barleys 

seem more extensive than most classifications have indicated. From 
barleys of this same region a group with a peculiar habit of floret 
abortion has been isolated. 

The length and the width of awns vary, but they are so correlated 
with other taxonomic characters that they are seldom useful in close 
separations. 

The tenacity of the awn is frequently a varietal character unaf- 
fected by location or season. 

The character of the basal bristle has been found to be stable 
under American conditions. 

The toothing of the inner pair of dorsal nerves is much more 
variable, but the variation is usually within definable limits. 

The length of the kernel, while influenced by climate, is a varietal 
character. The lateral and dorsoventral diameters of the kernel are 

varietal characters to some degree, but they are so influenced by con- 
ditions of growth as to become confusing in most instances. 

The composition of the grain is a varietal character, but it is one 
dominated by climate. 

There are two coloring materials in barley: One, anthocyanin, is 
red in its acid and blue in its alkaline condition; the other, a melanin- 
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like compound, is black. The pigments may occur in the hulls, the 
pericarp, the aleurone layer, and occasionally in the starch endo- 
sperm. The resulting colors of the grain are quite complicated. 

White denotes the absence of all pigment; a heavy deposit of the 
melaninlike compound in the hulls results in black; a light deposit, 
brown. Anthocyanin in the hulls results in a light violet-red. In 
naked forms the melaninlike compound in the pericarp results in a 
black kernel; anthocyanin produces a violet one. The acid condition 
of anthocyanin in the pericarp superimposed upon the alkaline con- 
dition in the aleurone layer gives the effect of a purple color, while 
a blue aleurone beneath a colorless pericarp is blue-gray. White hulls 
over a blue aleurone cause the grain to appear bluish or bluish gray. 
Black hulls over a blue aleurone give, of course, a black appearance. 
The anthocyanin is always violet in the hulls and in the pericarp, 
showing that these tissues are in an acid condition, and always blue 
in the aleurone layer, showing an alkaline condition. The occurrence 
of anthocyanin in the pericarp of hull-less barleys is more significant 
than its production in the aleurone layer. 
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COMMERCIAL TURKESTAN ALFALFA SEED. 

By Epvear Brown, 

Botanist in Charge of Seed Laboratory. 

INTRODUCTION. 

The United States does not produce enough alfalfa seed to supply 
the domestic demand for seeding purposes. The United States cen- 
sus report gives the production for the year 1909 as 15,799,680 
pounds. During the year previous to July 1, 1910, 2,891,685 pounds, 
or a little more than one-sixth of the domestic crop, was imported. 
In 1913 the importation had increased to 6,000,000 pounds and the 
domestic production was approximately twice what it was in 1909. 
As imported seed is usually sold in this country on the basis of appear- 
ance without reference to the place of origin, Turkestan seed, which 
is the lowest priced alfalfa seed in the European markets, is the type 
now chiefly imported. 

SOURCE OF SURPLUS ALFALFA SEED. 

France, Italy, and Russian Turkestan each normally produce an 
excess of alfalfa seed over that required for domestic use and together 
furnish most of the seed entering into international trade. The 
French seed comes from Provence, in the lower Rhone Valley, and 
from Poitou, in west-central France. The provinces of Bologna and 
Modena, on the south side of the Po Valley, furnish most of the Italian 

seed. Commercial Turkestan seed comes from the southern part of 
Asiatic Russia, south and east of the Sea of Aral, including the prov- 
inces of Khiva, Bokhara, and Samarkand. The altitude of this 
region varies from nearly sea level in northern Khiva to 2,500 feet at 
Samarkand. The summers are hot, with an average maximum 
temperature for July of approximately 100° F., while the winters 
are cold, with an average minimum temperature for January of 
approximately zero. The rainfall is light and all the alfalfa culture 
is under irrigation. Generally speaking, the summer temperature 
approximates that of southwestern Arizona and southeastern Cali- 

Nore.—This bulletin is intended to warn American alfalfa growers to avoid the use of commercial 

Turkestan seed, which, though inferior to domestic-grown seed, is retailed at a higher price, making greater 

profits for the dealers. The bulletin tells how this cheapest of all alfalfa seeds in the European market 
can be identified. 
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fornia, while the winter temperature approximates that of North 
Dakota, South Dakota, western Minnesota, and eastern Montana. 

Of the three principal countries producing alfalfa seed for export, 
Russian Turkestan contributes the greatest part. Most of this Tur- 
kestan seed goes directly to Hamburg or to one of the other German 
ports, where it is cleaned and graded before being exported to the 
United States, South America, or other countries. 

Although a surplus of Turkestan seed is constantly available on 
the European market, it is looked upon with disfavor, and compara- 
tively little of it is purchased by European farmers. This discrimi- 
nation results in making Turkestan seed the lowest priced seed 
which enters into international trade. The German price of Provence 
seed, as quoted in Berlin, is from 25 to 50 per cent higher than that 
of Turkestan, with Italian seed intermediate in price. The wholesale 
price of Turkestan seed in the United States is based upon the Euro- 
pean price and is invariably lower, often 2 cents per pound less, 
than that of domestic seed, while the retail price of Turkestan seed 
in this country is usually higher than that of domestic seed. Thus, 
the cheapest alfalfa seed in Europe is brought to this country and is 
sold in competition with domestic seed, and usually at a higher price. 
Both the wholesale and retail seed dealers make a larger profit on 
Turkestan seed than on domestic seed, with the result that more and 

more of this seed is imported each year, until now practically all the 
imported seed is from that source. Over 95 per cent of the alfalfa 
seed received since July 1, 1913, came from Turkestan. 

On the basis of the amount of alfalfa seed imported in the past 
nine years it seems a conservative estimate to assume that one- 
tenth of the 5,000,000 or more acres of alfalfa now growing in this 

country was planted with commercial Turkestan seed. 

EUROPEAN ESTIMATE OF COMMERCIAL TURKESTAN ALFALFA. 

In the alfalfa-growing regions of Europe alfalfa seed that is locally 
erown is generally preferred. When local seed can not be obtained, 
Provence or other French seed is considered best, with Italian seed 

second, while commercial Turkestan seed is the least desired. 

The results obtained by European investigators who have tested 
Turkestan alfalfa in comparison with other varieties have shown it 
to be decidedly inferior. In most instances it was found to be the 
poorest variety tested, giving a hay production ranging from 24 
to 80 per cent of that of the best variety in each locality. It is 
recognized as being slow to start into growth after the first cutting, 
thus reducing the hay yield from subsequent cuttings. 

Gyarfas (4, 5)', reviewing the tests made at the Royal Hungarian 
Experiment Station at Magyarovar in 1909-11, found that Turkes- 

1 The figures in parentheses refer to ‘‘ Literature cited ”’ at the end of this bulletin. 
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tan alfalfa was less resistant to cold and drought, that its growth 
was slower, that its season of growth was shorter, and that 1t yielded 
less hay and was more quickly crowded out by weeds and grass than 
the Hungarian alfalfa with which it was compared. The results of 
the next year’s tests showed the Turkestan to be inferior to the Hun- 
garian alfalfa from every point of view. 

Hansen (6, p. 409), after testing alfalfas of various origins in Den- 
mark, says of the two lots of Turkestan used that they were similar 
and both poor, that the larger part of the annual yield was from the 
first cutting, the second cutting being small; and that it was espe- 
cially to be noted that the growth after cutting was weak and slow, 
so that the stand was injured by grass and weeds. 

Hiltner (7) found in a 3-years’ test in Bavaria that Turkestan 
alfalfa gave the lowest yield of the varieties tested and only about 
one-half the yield of the best variety. Following these results, he 
says that the culture of Turkestan alfalfa can not be recommended. 

In variety tests made by Lemmermann and Liebau (9, p. 407-411) 
at the Agricultural High School at Dahlem, Germany, Turkestan 
alfalfa yielded 70 per cent as much hay as German alfalfa. 

Denaiffe (2), referring to a 6-years’ test made by Stebler at Zurich, 
says that Turkestan alfalfa is short lived and not productive. The 
yield was approximately 70 per cent of that of Provence alfalfa and 
not as high as Spanish. 

Todaro (10, p. 138), at the Agricultural High School at Bologna, 

Italy, found Turkestan alfalfa to yield about one-third as much as 
alfalfa from Hungary, Provence, and Argentina, and one-fourth as 

much as Italian. He says that in consequence of the inconsiderable 
value of Turkestan lucern, mixing it with home-grown lucern comes 
to be pure fraud. 

Witte (12), testing alfalfa in Sweden, says that Turkestan, which 
yielded approximately three-fourths as much as Hungarian alfalfa, is 
the poorest variety tested in Sweden. 

Of all the reports of Kuropean investigators, none have been found 
that speak favorably of the Turkestan seed. They are unanimous 
in their verdict that European seed, and locally grown seed especially, 
is more productive. 

COMPARATIVE VALUE OF TURKESTAN ALFALFA IN THE UNITED 

STATES. 

Turkestan alfalfa has been grown in the United States for about 15 
years, and the following statements as to its value are based on com- 
parative tests and observations made under widely varying climatic 
and soil conditions. 

Freeman (3, p. 193) says that ‘‘where there is a sufficient supply of 
moisture and the winters are not extremely cold, lack of productivity 
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renders the Turkestan variety much inferior to the ordinary sort. It 
has therefore proven a failure in the Central States and the States of 
the Middle West.” 
> Kennedy (8, p. 29) found that none of the Turkestan strains tested 

in scutheastern Nevada were as valuable as the domestic strains of 
alfalfa. 

Brand and Waldron (1, p. 46), after reviewing the available experi- 
ments where Turkestan alfalfa seed was tested for hardiness, say that 
‘Gt is apparent * * * that while none of the Turkestan strains 
in their present condition are hardy enough for the cold Northwest, 
several of them are promising for acclimatization by selective breed- 
ing methods.” 

Westgate (11, p. 37), referring to certain strains of alfalfa introduced 

from Turkestan by the United States Department of Agriculture, 
says that ‘‘Turkestan alfalfa was introduced into the United States 
in 1898 and has since been tried in all parts of the country. It has 
been found to be superior to the ordinary alfalfa in only limited 
sections. It is decidedly inferior in the humid sections east of the 
Mississippi River, but has given somewhat better results than the 
ordinary alfalfa in the semiarid portions of the Great Plains and in 
the Columbia Basin.”’ 

The results of comparative tests in the United States of commercial 
Turkestan with other strains of alfalfa have shown it to be decidedly 
inferior in most sections and of only doubtful value in the localities 
most favorable to it. 

COMMERCIAL TURKESTAN ALFALFA NOT ADAPTED TO GENERAL USE 
IN THE UNITED STATES. 

Commercial Turkestan alfalfa should not in any way be confused 
with the special strains of hardy alfalfas developed from certain intro- 
ductions of alfalfa seed from Turkestan made by the United States 
Department of Agriculture. Some of these strains have proved hardy 
in the upper Mississippi Valley and are evidence that valuable varie- 
ties of alfalfas exist in Central Asia, but for the present none of these 
can be said to have passed the stage of being of use in experimental 
work in selection and breeding. 

Commercial Turkestan seed of promiscuous origin is not adapted 
to general use in the United States. It is particularly unsuited to the 
humid climate of the East. It is not sufficiently hardy to warrant 
its general use in the upper Mississippi Valley, where hardiness is a 
limiting factor in alfalfa production. It is slow to recover after cut- 
ting, and gives inferior yields of hay, even when it does not suffer from 
drought or winterkiling. It has a tendency to be short lived, making 
it undesirable where alfalfa is wanted in long retations, and it is also 
a poor seed producer 
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HOW COMMERCIAL TURKESTAN ALFALFA SEED CAN BE IDENTIFIED. 

In view of the facts already set forth, it appears necessary to warn 
alfalfa growers to avoid the use of commercial Turkestan seed. Seed 
from this source has nothing to recommend it for general use in this 
country. i 

Fortunately, commercial Turkestan alfalfa seed can be identified 
by the presence of the seeds of Russian knapweed (Centaurea picris), 
shown in figure 1. These seeds are believed to be always present in 
commercial Turkestan 
seed and have not been 
found in commercial 
seed from other sources. 
Russian knapweed is a 
pernicious weed in the 
Crimea and in other 
parts of southern Euro- 
pean Russia, but there is 
at the present time no 
alfalfa seed produced in 
these sections for export. 
In manner of growth, 
Russian knapweed is 
similar to quack-grass, 
Johnson grass, and the 
Canada thistle, being a 
perennial, spreading 
both by seeds and under- 
ground rootstocks. The 
seeds of Russian knap- 
weed. are slightly larger 
than those of alfalfa and 
ean not all be removed Fic. 1.—Seeds of Russian knapweed mixed with alfalfa seeds. 

by any prac ti cabl e (Magnified five diameters.) This sample shows a much larger 

: proportion of the weed seeds (distinguished by their lighter color 
me th O d of machine and their symmetrical form) than is ordinarily found in 

cleanin e, Their ch alky- Turkestan alfalfa seed. 

white color makes them especially conspicuous, and their symmetrical 
form, being slightly wedge shaped, serves to distinguish them from 
the notched seed of other species of Centaurea, which often occur in 
Italian and other alfalfa seed. As the seeds of Russian knapweed 
are not usually abundant, a small trade sample should never be 
used to determine whether the seed is commercial Turkestan alfalfa. 
It may often happen that a number of small samples, such as are 
usually supped by the trade, would contain none of these seeds, 
while an examination of the bulk will show them to be present. If 
any seeds of Russian knapweed occur, the alfalfa seed is wholly or in 
part from Turkestan. 
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SUMMARY. 

Russian ‘Turkestan produces the largest supply of alfalfa seed for 
export. 

Turkestan alfalfa seed is distributed into international trade 
through Germany, chiefly through the port of Hamburg. 

Turkestan alfalfa has given uniformly poor results wherever 
tested in Europe, and none of the tests of commercia! Turkestan seed 
in this country has given as good yields as were obtained from local 

seed. : 
Approximately one-fifth of the alfalfa seed used in the United 

States is imported, and practically all of this imported seed now 
comes from Russian Turkestan. 

Commercial Turkestan is the cheapest alfalfa seed in the European 
market, and its wholesale price in this country is less than that of 
domestic-grown seed. 

The retail price of Turkestan alfalfa seed in this country is usually 
higher than that of domestic seed; consequently, the seedsman’s 
profit on it is greater than on domestic seed. 

Commercial Turkestan alfalfa is particularly unsuited to the humid 
eastern portion of the United States, while it is not as hardy as other 
strains in the North and everywhere recovers slowly after cutting, 

thus reducing the hay yield. It is relatively short lived and is a 
poor seed producer. 

Russian knapweed, a weed similar in manner of growth to quack- 
erass, Johnson grass, and the Canada thistie, is constantly beimg 
introduced in Turkestan alfalfa seed, and by the presence of this 
weed seed commercial Turkestan seed may be easily identified. 
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IMPORTANCE OF NORWAY PINE IN FOREST MANAGEMENT. 

Norway pine, or red pine as it is sometimes called, is a tree whose 
importance is certain to increase. Kvyen now it is important com- 
mercially. From the standpoint of forest management, however, its 
special value lies in the fact that it makes better growth on poor soils 
than does its associate, white pine; it prunes itself of branches earlier, 
is more hardy, is freer from injury by insects or fungi, and ranges over 
as wide a territory. Looking into the future, therefore, when the 
depletion of the present stand will make it necessary to rely upon trees 
that can produce merchantable timber on poor, sandy soils unsuited for 
agriculture, Norway pine, as its good qualities become better known, 
will be one of the few important trees of the Northeastern and Lake 
States, especially for reforestation. In past reforestation work it has 
often been discriminated against in favor of Scotch pine, the seed of 

1 The discussion of ‘Growth and Yield” and the ‘‘Appendix” are the work of Prof. Chapman. 
In the main this bulletin presents the results of field work conducted under the supervision of the authors, 

and data collected by them through correspondence. Forest Service file data were also drawn upon, 
as were several unpublished reports, among them one by Mr. E. M. Griffith, State forester of Wisconsin. 
The manuscript wasread by Mr. William T. Cox, State forester of Minnesota, and by Forest Supervisors 
C. E. Marshalland W. B. Piper. 
Note.—The manuscript describes the life history of the Norway pine, its requirement upon soil, mois- 

ture, and climate, its rate of growth and yield, and the best methods for its management. 
As this tree is already commercially important, and this importance is certain to increase, the informa- 

tion ppresericed is valuable for foresters, lumbermen, and forest owners, especially as, when the present 
stand of timber has been depleted and ‘dependence must rest on trees which will produce merchantable 
timber on poor sandy soils unsuited for agriculture, the RoE pine will be found to be one of the few 
important trees of the Northwestern and Lake States. 
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which was easier to procure, though the tree itself had no advantages. 
With better methods of seed collection and storage, this drawback in 
the case of Norway pine can be overcome. This bulletin describes 
the life history of the tree, its requirements upon soil, moisture, and 
climate, its rate of growth and yield, and the best methods for its 
management. 

BOTANICAL AND COMMERCIAL RANGE. 

Norway pine is confined to the Northeastern and Lake States and to 
southern Canada. Economically, it is most important in the Lake 
States and in Ontario. It occurs, however, as far south as south- 
eastern Pennsylvania and as far east as Nova Scotia, Newfoundland, 
and eastern Maine. Its western limit is in Minnesota and its northern 
at the fifty-first parallel in Manitoba. 

In Minnesota its commercial range extends from Lake of the Woods 
to the mouth of Pigeon River, and south to Lake Pepin. In Wiscon- 
sin it occurs in 27 counties, but is abundant only in the more sandy 
districts. In Michigan it closely follows the range of white pine. 

The supply of Norway pine in the Northeastern States is now pretty 
well exhausted. It was heavily logged in Maine during colonial 
times, and has been lumbered also in Pennsylvania and New York. In 
Canada it is commercially important in the Provinces of Ontario and 
Quebec. 

Figure 1 shows its botanical and commercial range. 

CLIMATE, TOPOGRAPHY, AND SOIL. 

In the Lake States and Ontario, where Norway pine reaches its 
best development, the climate is cold in Winter and rather hot and 
dry in summer. The annual rainfall within this region varies from 
20 to 45 inches, with from 51 to 65 per cent of sunshine. In the tree’s 
optimum range the rainfall does not exceed 36 inches, with 60 per 
cent of sunshine. In Wisconsin the average annual precipitation of 
31.5 inches is distributed as follows: Summer, 11.2 inches; spring, 8.3. 
inches; autumn, 8.1 inches, and winter, 3.9inches. Norway pine with- 
stands a temperature of —50° F.in winter and one of 105° F. in sum- 
mer. Insome parts of the Lake States where it grows there are frosts 
every month of the year. The last killing frost, however, usually 
occurs by May 15, and the first by September 15. The foliage of the 
mature tree is immune to cold, though seed production is affected. 
Seedlings are often damaged by periodic droughts. 

Throughout its range Norway pine is forced by its associates to 
seek the dry, sandy, or gravelly soils. Itis found on dry, coarse, sand; 

but produces better timber on a moderately fine, fresh sand. The tree 
is certainly not exacting in its soil requirements, however, since a 
pure, fine-grained, moderately dry sand supports some of the finest 
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stands of Norway pine in northern Minnesota. On rich, well-drained 
soil the tree has great possibilities, if given the start over its competi- 
tors. Inits soil and moisture requirements, Norway pine is somewhat 
more exacting than jack pine but considerably less so than white 
pine, which requires some clay in the subsoil. It can not endure 
drought like jack pine, but grows well on sands where the better grade 
of jack pine is found. Mechanical analysis has shown typical jack- 

NORTH WEST TERRITORY 

——— GENERAL RANGE OF SPECIES 

e SPECIFIC LOCATIONS OF SPECIES 

DETERMINED FROM DATA COLLECTED 

BY THE FOREST SERVICE 

Fig. 1.—Distribution of Norway pine. 

pine soil to consist of 60.6 per cent coarse sand, 30.1 per cent medium 
sand, 3.3 per cent fine sand, and a scattering of fine gravel, very fine 
sand, silt, and clay. Typical Norway-pine soil is composed of 62.9 
per cent fine sand, 12 per cent medium sand, 11.5 per cent very fine 
sand, 6.7 per cent silt, 3.7 per cent coarse sand, 2.8 per cent clay, and 
0.4 per cent fine gravel. White-pine soil contains no gravel, 43.4 per 
cent very fine sand, 26.1 per cent silt, 16.2 per cent fine sand, 6.4 per 
cent clay, and 7.9 per cent coarse and medium sand. When the 
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virgin stands are first cut off, these sands may grow crops for a few 
years until the humus is exhausted. After that the necessity for 
expensive fertilizers makes agriculture unprofitable except with 
extraordinary market conditions. 
Norway pine is rarely found in hilly country or in swamps, except in 

Cook County, Minn., where it occurs on some high ridges. It is com- 
mon along lake shores. 

GROSS BOTANICAL CHARACTERISTICS. 

Norway pine belongs to the two-needled group of pines, the needles 
themselves being from 5 to 7 inches long. The bark of young trees 
is thin, dark, and scaly; that of mature trees is moderately thin, gray- 
ish yellow or reddish brown, in diamond-shaped plates. Owing to 
the characteristic appearance of the bark and the relatively high spe- 
cific gravity of the wood of young trees, the latter are often locally 
distinguished as “pig iron” and ‘“shellbark Norway.”’ The cones, 
some 2 inches long, are brown and brownish yellow when mature. 
The brownish buds have rolled-back scales; the seed is held as with 

forceps and has light wings. 

HABIT AND ROOT SYSTEM. 

The bole of Norway pine is normally slender, straight, or in old age 
slightly bending, with but little taper. It is unusual to find a forest- 
grown tree with a decidedly crooked, misshapen bole. The difference 
between the straight, symmetrical bole of young red pine and the fre- 
quently misshapen one of white pine, the result of weevil damage, is 
strikingly apparent. The large tufted clumps of long needles give 
the crown an open appearance, in contrast to the denser crown and - 
more delicate needles of white pine and the ragged, narrow crown of 
jack pine. The branches are in distinct whorls. In old age the crown 
becomes short and irregular. Seedlings during the first summer 
develop a taproot from 6 to 18 inches long. The sapling, therefore, 
has a strong taproot, which gives place to to stout laterals as the tree 
matures. Except when overmature and declining in vigor, Norway 
pine is remarkably windfirm. 

SIZE AND LONGEVITY. 

Norway pine rarely reaches a diameter of more than 33 inches 
breast high. The largest tree of which there is a relable record meas- 
ured 60 inches in diameter outside the bark. On the Minnesota 
National Forest the average run of 16-foot logs cut from a stand 
mostly over 200 years old scaled 15 to the thousand board feet. The 
average run of mature Norway pine in mixture with hardwoods, or 
with white pine on the better soils, is perhaps from 11 to 13 logs to 
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the thousand board feet. In northern Minnesota the average tree in 
mature timber over 200 years old measured 18.7 inches in diameter. 
Norway pine does not grow very tall. On the sandy soil of the region 
a tree from 200 to 250 years old occasionally reaches a height of from 
90 to 120 feet. The tallest tree recorded was 150 feet high, but the 
accuracy of this measurement is questionable. 

The oldest tree found was 307 years old, and but few over 280 years 
were encountered. Norway pine, however, seems to decline in vigor 
after it reaches an age of from 200 to 230 years. 

TOLERANCE. 

For their best development Norway pine seedlings should have 
direct sunlight. They can not endure as much shade as those of white 
pine, but will grow in a moderate shade under a jack-pine stand, and 
exact less light than the latter species. In small, natural openings 
in a Norway pine stand a few white-pine trees will seed up the ground 
ahead of Norway. This intolerance partly accounts for the earlier 
and more thorough pruning of the latter. Even in pure stands on 
poor soil early and clean pruting is the rule. The wind also plays a 
part in pruning by swaying the tall, slender-boled trees, the branches 
of which are thus brushed off in contact with those of neighboring 
trees. This is especially the case when Norway pine occurs in mix- 
ture with hardwoods. In its ight requirement Norway pine may be 
considered as halfway between ‘“‘very intolerant”’ and “intermedi- 
ate.’’+ As a means of comparison, the classification in regard to 
demands upon light of a few other species may be given. Balsam fir 
is classed as very tolerant, beech tolerant, white pine intermediate, 
Norway pine and red oak intolerant, and tamarack and cottonwood 
very intolerant. The intolerance of Norway pine is indicated by the 
occurrence of its reproduction; under a shade density of over 0.5 as - 
a rule it does not reproduce. It begins to reproduce abundantly 
when the density falls to 0.3. 

REPRODUCTION. 

Norway pine seedlings need some protection against extremely hot 
winds and drought. On the other hand, if there is too much under- 
growth or shade from the parent stand the young growth will suffer. 
In plantations, however, it was found that Norway pine seedlings will 
stand sun, exposure, and weeds much better than will those of white 
pine. 
Norway pine produces seed in abundance only at intervals of from 

3 to 5 years. The seed falls in September and early October. Seed 

1 For a discussion of tolerance see Forest Service Bulletin 92, “Light in Relation to Tree Growth,” by 
Raphael Zon and H. S. Graves. 
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years are local; there may be a good crop in Minnesota and a failure 
in Michigan or Wisconsin the same season. According to Forest 
Service records there have been five seed crops in Minnesota at 3- 
year intervals since 1898. In Wisconsin there were crops in 1890, 
1893, 1897, and 1900. In Canada good seed years are said to occur 
not oftener than every 5 to 7 years, due possibly to the colder cli- 
mate. ‘Trees in the open have produced good cones when 25 years 
old, and in stands when from 50 to 60 years old. It is not known 

definitely when seed production begins to fail in old stands, but 
probably the fertility and quantity begin to fall off when the trees 
reach an age of 150 years. Squirrels annually destroy large quanti- 
ties of seed. 

The seed is disseminated by the wind and can be relied upon to 
restock areas at least 300 yards away, provided the soil has been 
bared by logging. Even after proper dissemination there is always 
a chance that seed will fall on heavy litter to dry out before germina- 
tion or on sodded ground where it can not get a start. Seedlings 
do not establish themselves after fire if there is much ash on the 
ground. Light burning before a seed crop may often be conducive to 
excellent reproduction where the scil is moderately rich. On dry, 
pure sand even a light fire may keep out Norway and white pine and 
give jack pine a start. After a fire jack pine always seeds before 
Norway, because it produces seed each year, which are released from 
cones by the heat of. the fire. White pine will come in first where 
there is partial shade, provided it is not crowded cut by broadleaf 
trees. On areas between these two extremes of baked, parched soil, 
free from all growth on the one hand and ground covered with 
dense underbrush on the other, Norway pine reproduction will have 
the best chance. 

However, the three pines compete with one another for the occu- 
pancy of the ground, as shown by actual measurements of repro- 
duction on small plots in the National Forests. On the Minnesota 
National Forest, on an area where 5 per cent of the stand had been 
reserved for seed, there were 1,900 Norway and white pine seedlings per 
acre which had come in on exposed mineral soil rather than near the 
seed trees. In Hubbard County, Minn., on a plot 50 by 100 feet, 
there are 499 jack pine seedlings and only 481 of Norway pine, although 
there were two Norway pine seed trees and no jack pine within 300 
feet. In a small, open stand, composed of 3 white pine and 70 Nor- 
way pine, growing on sandy soil, there were 13 white pine seedlings 
to every 1 of Norway pine. Near Mahtowa, Minn., young stands of 
Norway pine 7 and 8 years old averaged 20,855 trees to the acre, and 
near Barnum and Moose Lake stands about 23 years old averaged 
4,699 trees to the acre. This shows that excellent reproduction of 
Norway pine is possible, provided soil conditions during the seed 
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year are favorable, notwithstanding the fact that the tree is a 
meager seed bearer. Reproduction on the average cut-over tract 
is usually very deficient because of fire and excessive cutting. Aspen, 
paper birch, and jack pine usually crowd out the white and Norway 
pine. On most cut-over lands there are few Norway pine seed trees, 
so that reseeding will take centuries unless assisted by artificial 
reforestation. 

SUSCEPTIBILITY TO INJURY. 

Freedom from ordinary injuries constitutes the strongest recom- 
mendation in favor of Norway pine for forest management. This 
quality might adapt the tree to turpentining, though the short grow- 

ing season would be a decided drawback. 

FIRE. 

Mature Norway pine may be charred at the butt by an ordinary 
ground fire, especially the uphill side of the tree where there is an 
accumulation of needles, but the burn is seldom followed by decay. 
Careful observations in northern Minnesota‘ indicate that young 
Norway pine seedlings resist fire better than either white or jack pine. 

OTHER DAMAGE. 

Norway has few serious enemies. In the seedling stage it seems 
to suffer no more from damping off than do other conifers, though 
the tender roots are occasionally attached by a grub as yet unidenti- 
fied. It is rarely frost killed, but in the forest a prolonged drought 
may seriously decrease the seed crop. In the sapling and pole stage 
it is practically free from windfall and fungi. Mature Norway pines, 
when growing on well-drained soil, are rarely defective. The strong 
lateral root system makes the tree windfirm, though if isolated when 
overmature it may blow down. 

THE WOOD.? 

APPEARANCE AND STRUCTURE. 

The wood of Norway pine is redder in color, in most cases slightly 
heavier, and invariably more resinous than that of other northeastern 
commercial conifers. However, before seasoning, the softer grades, 
cut from trees of rapid growth, are scarcely distinguishable from those 
of white pine. After thorough seasoning this similarity is less 
marked, because Norway pine is generally darker and more resinous. 

The better quality Norway pine wood is soft, light, moderately 
strong and tough, fine, and straight grained. It is easy to work, but 
is not durable in contact with the soil. The best grades are cut from 
trees of rapid growth, on low, moist, rich soil, and exhibit very 

1 “Report on the Jack Pine Barrens of Northern Minnesota,” by J. P. Wentling. 

2 Prepared by C. D. Mell, assistant dendrologist, and W. D. Brush, scientific assistant, Forest Service. 
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little contrast between early and late growth. Lumber cut from 
slow-growing trees, on dry, sandy soils, is redder in color, more 
resinous, and somewhat harder and more durable than the other. 
There is also a marked difference between the weight and quality 
of lumber cut from young stands and from mature timber, due to 
the percentage of sapwood in the former. Sargent gives the specific 
gravity of dry wood (unquestionably cut from mature trees) as 
0.485. The sapwood of immature trees has a specific gravity of 
0.9, and the heartwood of 0.6. It is this difference between sapwood 
and heartwood which perhaps gives rise to the term ‘‘pigiron,” 
since second-growth Norway pine with a wide sapwood would not 
float. In the course of experiments by the Forest Service, under 
the direction of H. D. Tiemann, small blocks cut from ‘‘pigiron”’ 
floated from 2 to 9 days, while heartwood floated from 3 months 
to 1 year. Thus the floating ability of timber cut from young 
stands can be determined by computing the volume per cent of sap- 
wood and heartwood in the logs. In mature trees the sapwood is 
narrow, rarely exceeding 3 inches. 

In the softer grades of Norway pine the late wood of the annual 
rings does not contrast very sharply with the early wood, as is the 
case with the hard grades, or in the yellow or hard pines, of which 
longleaf pine is typical. Moreover, the late wood usually forms much 
less than one-half of the width of the annual ring. This and the 
slight contrast between, the inner and outer part of the annual ring 
gives the wood a rather uniform structure and density, rendering 
it equal to white pine for many purposes. 

Microscopic characters which distinguish Norway pine from other 
pine woods with which it is likely to be confused are the conspicuous 
dentate projections on, the inner walls of pith-ray tracheids and the 
large simple pits (from 1 to 2) to each longitudinal tracheid and 
the radial walls of the ray-parenchyma cells. The following ana- 
lytical key will be of assistance to technical students in, the identifi- 
cation of red, white, and jack pine: 

Inner walls of pith-ray tracheids without dentate projections. 
One to 2 large simple pits to each longitudinal tracheid on the radial walls of the 
ray-parenchyma cells. Late wood narrow, inconspicuous; wood sparingly 

TSIM UOUS) Seyeec ccna ars epee ree aes note ee ee oe White pine (Pinus strobus) 

Inner walls of pith-ray tracheids with conspicuous dentate projections. 

One to 2 large simple pits to each longitudinal tracheid on the radial walls of the 
ray-parenchyma cells. Dentate projections regular, short. Late wood con- 

spicuous, not sharply defined from the lighter early wood of the same annual 

ring. Wood usually very resinous ..........-.. Norway pine (Pinus resinosa) 

One to 6 (usually 3 to 6) oval, simple pits to each longitudinal tracheid on the 

radial walls. Dentate projections irregular, long, often branched and con- 

necting across the cells. Late wood very conspicuous, sharply defined from 

the early wood. Wood moderately resinous.....- Jack pine (Pinus divaricata) 
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STRENGTH. 

Norway pine is stronger than white pine, but weaker than long- 
leaf. Grade for grade, it is not quite as strong as tamarack, but - 
experiments by the Forest Service showed thoroughly seasoned 
Norway pine to be slightly stronger and stiffer, when the seasoning 
checks in tamarack were considered. The results of the strength 
tests are given in Table 1. 

55040°—Bull. 139—14——2 
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PRESERVATIVE TREATMENT. 

Since Norway pine is not durable in contact with the ground and 
when exposed to moisture, timber so placed must be treated with 
some preservative. The details of various methods of preservation 
are discussed in Forest Service Bulletins 78, 84, and 118; Circulars 

80, 98, 101, 104, 111, 112, 117, 128, 132, 134, 136, 139, and 151; and 
Department Bulletin 13. 

FOREST TYPES. 

Only on moderately poor soils, usually a sand, does Norway pine 
erow pure. On the richer soils and on well-watered sandy flats it is 
found in mixture with hardwoods and white pine, and on the driest 
sands with jack pine. In Ontario the densest stands of Norway pine 
are found on pure-sand plains. Four chief types may be distin- 
guished: (1) Norway pine knoll; (2) Norway pine flat; + (3) hard- 
wood ridges; and (4) jack-pine plains. 

NORWAY PINE KNOLL. 

The pure sand of the knolls favors Norway pine, which is the chief, 

or perhaps the only, tree on such situations. The soil cover is a scat- 
tering of wintergreen, blueberry, and ‘‘ground pine,” with a thin mat 
of needles. 

NORWAY PINE FLAT. 

On the sandy flats Norway pine may occasionally grow pure, but 
where clay is present in the soul white pine forms from 40 to 60 per 
cent of the stand, with a much denser ground cover. Clumps of birch 
may occupy the openings. On low, poorly drained ground there is 
usually a scattering of white spruce and occasionally a tamarack. 
The moist soil insures dense undergrowth. 

HARDWOOD RIDGES. 

On the glacial ridges, where a drift of clay covers the subsoil, the 
forest is chiefly broad leaved. Aspen, sugar maple, hornbeam, paper 
birch, yellow birch, basswood, black ash, white ash, mountain maple, 
with a scattering of white spruce, white pine, and Norway pine, form 
the stand. Often there is a pure growth of aspen, with a few paper 
birch, white spruce, and maple. Again, paper birch is pure with a 
few aspens, hornbeams, or spruces. In certain localities there is 
ample evidence that much of this hardwood land bore white pine of 
enormous size. Fire and windfall probably caused the change in the 
type. Often a few overmature white and Norway pines rise out of 
the dense understory of hardwoods. Some of the largest Norway 
pines are found scattered through hardwood forests. They have 
broad, bushy crowns, with a comparatively short, very full, well- 
pruned bole. 

1 On the richer soils this type would be locally termed white pine flat. 
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JACK-PINE PLAINS. 

Jack pine obtains possession of the driest, sterile sands through its 
ability to reproduce prolifically after fire and to grow rapidly during 
the seedling and sapling stages. Originally, it is believed, Norway 
pine formed at least 10 per cent of the stand on this type, but repeated 
fires have decreased this proportion until on some sand plains there 
is no Norway pine at all. 

COMPETITION WITH OTHER SPECIES. 

For Norway pine to succeed, the ground must be at least partially 
free from thick grass, briars, and weeds and not excessively dry. 
White pine, on the other hand, succeeds best with some cover, such 
as bushes, berry vines, or scattered poplar and cherry seedlings. On 
the richer sous the tolerance of white pine enables it to obtain a start 
over Norway, which is usually crowded out. On moderately dry, 
pure sand Norway pine drives out the white pine and hardwoods by 
its more rapid growth. On rich clay, suitable for agriculture, the 
hardwoods obtain the supremacy through their ability to seed up the 
soil and get a good start. As such stands become open, however, 
white pine, and later some Norway pine, gain a foothold. Dry, coarse 
sands favor jack pine, which grows faster than Norway pine at the 
start, but which begins to decline in vigor when from 80 to 90 years 
old, permitting the Norway pine to break through the crown cover 
and quickly occupy the available growing space. 

SUPPLY AND CUT. 

The total stand of all pines in the Lake States to-day probably 
amounts to more than 50,000,000,000 board feet. Of the 250,000,- 
000,000 feet estimated to have been cut in the Lake States since lum- 
bering began, Norway pine has probably furnished about 15 per cent, 
or about 37,000,000,000 board feet. The estimated present stand of. 
Norway pine—17,000,000,000 feet—will probably appear too small 
after another decade or so, since with proper fire protection the pro- 
duction of second growth should materially increase the supply. 

Accurate estimates of the cut of either white or Norway pine in 
the Lake States are impossible, because the two species are marketed 
together. Mr. R.S. Kellogg, secretary of the Northern Hemlock and 
Hardwood Manufacturers’ Association, has estimated that between 
1880 and 1910 Norway pine formed 25 per cent of the total cut in 
Michigan, 20 per cent of that in Wisconsin, and 15 per cent of that in 
Minnesota. These figures may be taken as conservative. In 1911, 
Mr. H. 8. Childs, secretary of the Northern Pine Manufacturers’ 
Association, estimated that Norway pine cut 30.4 per cent of the total 
production in Minnesota and Wisconsin, a conclusion reached on the 
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basis of a census of 17 manufacturers in the former State and 12 in 

the latter. The proportion of Norway pine to the total cut of former 
years was no doubt small, but it has probably always formed from 
10 to 20 per cent. In 1906, H. H. Chapman, professor of forestry at 
the Yale Forest School, wrote: 

The proportion of Norway pine in the total annual cut in Wisconsin is rapidly 
increasing lately at the expense of white pine, and is now about 33 per cent of the 

annual cut of pine for the State, excluding hemlock, while in the Wisconsin Valley 

the proportion reaches nearly 50 per cent. In past years Norway pine formed only 

from 5 to 10 per cent of the Wisconsin pine cut. In Minnesota Norway pine forms 30 

per cent of the pine cut. 

A further cause for uncertainty with regard to the cut of Norway 
pine has been introduced by the increasing cut of jack pine, some of 
which is being marketed as ‘‘ Norway.’ 

GRADES. 

Norway pine is graded under rules agreed upon by the Northern 
Pine Manufacturers’ Association. These are given in Table 2. The 
details of each grade are discussed in a booklet of rules which can be 
obtained upon request from the secretary of the association. 

TABLE 2.—Standard grades of Norway pine. 

Thick finishing: 

Ist, 2d, and 3d clear, 14, 14,and 2 inch. 

A select, 14, 14, and 2 inch. 

B select, 14, 14, and 2 inch. 

C select, 14, 14, and 2 inch. 

D select, 14, 14, and 2 inch. 

Inch finishing: 
Ist, 2d, and 3d clear. 

A, B, C, and D select. 

D stock. 

C and better Norway. 

Siding: 
A and clear. 

B, C, D, and E. 

Flooring: 

A, B, ©, and D flooring. 

Farmer’s clear flooring. 

No. 1, No. 2, and No. 3 fencing, D. 

and M. 

Shiplap, grooved roofing, and D.and M.: 

No. 1, No. 2, and No. 3. 

Factory plank or shop common: 

No. 1, No. 2, and No. 3 shop. 

Inch shop. 

Short box. 

Factory selects: 

Factory A select and better. 

Factory B and factory C select. 

Thick common lumber: 

Tank stock. 

Select common. 

No. 1, No. 2, No. 3, No. 4, and No. 5 

common. 

Common boards: 

No. 1, No. 2, No. 3, No. 4, and No. 5. 

Fencing: 

No. 1, No. 2, No. 3, and No. 4. 

Dimension: 

No. 1, No. 2, and No. 8 or cull. 

Lath: 

No. land No. 2. 

PRICES. 

Norway pine has risen greatly in value during the past two decades. 
Virgin Norway was once purchased for less than 50 cents per thousand 
board feet. To-day values less than $4 per thousand board feet for 
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good ‘second growth” are exceptional. Stumpage on the National 
Forests in Michigan is sold for as much as $12 per thousand, and will 
undoubtedly go still higher. 

The better grades of Norway pine, when sold as such, bring less in 
the open market than do similar grades of white pine, but below the 
No. 1 grade in dimension or No. 2 in inch lumber the two species 
bring the same. Norway pine is seldom, if ever, quoted separately 
in lumber price lists. Even in high grades it is often sold indis- 
criminately with white pine, and so. brings the same price. As a 
general rule, therefore, the prices quoted for white pine can be taken 
as those for Norway as well. Average mill-run prices for white pine 
in Minnesota and Wisconsin during the last quarter of 1913 were as 
follows: 

SelectsiG@ and (better: iin hoe eat ieee ee earner eee $56.00 

SOON eels Ba vaccine ee oe eee SP aera ae ere eee 48.49 

EO GN On 080 ebro go bene Oe earl ona ec. eeeee ere mre oe ae 22. 87 

OVALE Oca cntee tod LN Se eee ha ect Sete ee re ae ae ee 24. 42 

Timber, No. 1, 2 inches by 4 inches by 16 feet................-. 20. 33 

Boards: 

IN ORED ers Sek 5 ote eS sn A AR ee ee ee ee 22. 83 

INO SFO Ss a ieneee coats eee, i SOIR heen? rai 2 eee ees ee 21.00 

IN Gs eet eect e OR lt eae NS errs ae ee ps ae 16. 66 
Rencmes NOs Qicecepile satan tesa os dat Seabee ee 25. 36 

MARKETS. : 

With the decrease in the supply of white pine lumber, Norway 
pine is certain to come more and more into demand. A glance at the 
list of uses given below for which Norway pine is adapted shows its 
commercial possibilities. In the investigation of the Wisconsin 
wood-using industries the Forest Service found that approximately 
7,500,000 feet of Norway pine, valued at $124,000, was annually used 
in that State alone, of which 84 per cent was logged within the State. 
A similar study in Minnesota showed an annual consumption in that 
State of over two and one-half million dollars worth of Norway pine, 
costing on the average $15.74 per thousand board feet. 

USES. 

Norway pine is adapted for most of the uses to which white pine. 
is put. It was first cut in Maine and Canada for shipbuilding mate- 
rial, such as decking, planking, spars, and masts.’ It is used locally 
for bridges, though it is distinctly inferior to longleaf pine and Doug- 
las fir for the purpose. Perhaps it is in widest demand for dimension 
stuff and for ordinary house construction. The lower grades and 
smaller sizes are consumed largely by the box trade for crates and 

1 For further details regarding early uses of Norway pine, see Forest Service Bulletin ¢¢, ‘‘ Uses of Com- 

mercial Woods in the United States: Pines,” by Hu Maxwell and William L. Hall. 
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shipping boxes, and less frequently for shingles and water pipes. 
The better grades are used for farm implements, planing-mill prod- 
ucts, furniture, car construction, panels, screens, doors and sash, and 
when, treated with preservatives for poles, posts, and ties. The 
Chicago & North Western, Railway is authority for the statement that 
Norway pine piling, where below the water and moisture line, gives 
excellent service, since the wood does not splinter badly under ordi- 
nary driving. During 1911 and 1912 over 20,000 pieces of piling, 
from 40 to 64 feet long, were sold on the Minnesota Forest at from 
$16 to $20 on the stump. When used for bridge piling above ground 
the sapwood rots quickly unless treated. Norway pine paving 
blocks, impregnated with 16 pounds of oil per cubic foot have given 
excellent results in Minneapolis... While experiments with the pav- 
ing blocks are still in progress, it has already been, established that 
Norway pine, though slightly inferior to longleaf pine, is fully equal 
to western larch and white birch as a paving material. There is no 
positive record of the wood’s value for pulp. The stumps yield 
turpentine, and are a satisfactory raw material for distillation. 
Other parts of the tree are not considered sufficiently resinous for 
the purpose. A company in Michigan reports a yield of 8 gallons of 
turpentine and 270 pounds grade F rosin per cord of 4,000 pounds 
of stump wood. In Wisconsin about 61 per cent of the local output 
and importations of Norway pine are used for boxes and 23 per cent 
for sash, doors, blinds, and interior and exterior finish. In Michigan 
about 42 per cent goes into planing-mill supplies, and 24 per cent 
into boxes and crates. In Minnesota the most important uses of 
Norway pine are for gates and fencing, and for paving. 

GROWTH AND YIELD. 

HEIGHT GROWTH. 

Norway pine makes an average height growth of 1 foot per year 
until it reaches an age between 60 and 70 years. From that time on 
the height growth gradually falls off, until at the age of from 100 to 
110 years it practically ceases. The crown of the tree then assumes 
a broad flat shape. 
When planted together with white pine, the height growth of Nor- 

way exceeds that of the former for the first few years by from 8 to 5 
feet. This imitial advantage soon disappears, however, since the 
white pine maintains its height growth to a greater age. Jack pine 
grows much faster than either Norway or white pine for the first two 
decades, a characteristic which in many instances enables it to over- 

Experiments in Minneapolis,” also Municipal Engineering, Vol. XXXIV, p. 14. 

2 For further information see Forest Service Circular 114, ‘‘Wood Distillation.” 
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top and partially or completely suppress the other pines. The height 
growth of Norway pine is best in full sunlight, when slightly crowded. 

The average height growth of saplings in fairly well-stocked stands 
is shown in Table 3. No measurements were made of the growth in 
height of older trees. From the measurements of height on diameter, 
Table 4, and the measurements of diameter on age, Table 7, it was 
possible to construct a table of height growth based on age. This 
table is based on the assumption that diameter and height growth 
are roughly proportional. Thus, if the height of a tree of a given 
diameter is known and also the age of the diameter corresponding to 
the height of this tree, the age of the tree having this height is 
thereby determined. Table 5 has been constructed after this plan. 
It shows the average height of trees of different ages. Figures for 
minimum and maximum. heights are also given. The maximum 
trees grew in Wisconsin in mixture with white pine and were domi- 
nant. The minimum figures are for slow-growing suppressed trees. 

TABLE 3.—JHeight growth of saplings in northern Minnesota. 

Age - Age F Age + ot Age : 
(years). Height. (years). Height. eek Height. Icvears). Height. 

| 

Feet. Feet. Feet. || Feet. 
1 0.3 8 4.9 15 15.0 22 23.0 
2 .6 9 6.0 16 16.7 23 23. 8 
3 1.0 10 7.2 7, 18.1 24 24.6 
4 1.5 11 835 18 19.3 25 25.5 
5 2.2 12 9.9 19 20. 4 26 26.3 
6 2.9 13 11.4 20 21.3 27 27.1 
7 3.9 14 13a 21 22.1 28 28.0 

TaBLE 4.—Minimum, average, and maximum heights based on diameter, Minnesota and 
Wisconsin. 

Diameter Height. Diameter Height. 
breast- breast- 
high high 

(inches). | Minimum.| Average. |Maximum.|) (inches). | Minimum.| Average. | Maximum. 

Feet Feet. Feet. Feet Feet Feet 
1 11 12 16 18 61 88 112 
2 16 20 28 19 63 90 113 
3 18 27 41 20 66 91 114 
4 21 34 52 21 68 92 115 
5 24 41 63 22 71 94 116 
6 26 47 7 2B) {Bi 95 116 
a 29 53 80 24 76 96 117 
8 32 58 87 25 78 97 118 ms 
9 35 63 93 26 80 99 119 

10 38 67 97 20 83 100 120 
11 41 71 101 28 85 101 121 
12 44 74 103 29 87 103 122 
13 47 77 105 39 89 104 123 
14 50 80 107 31 91 105 124 

| 45 53 82 108 32 93 108 125 
| 16 55 85 109 BB) 95 108 126 

17 57 87 110 34 98 109 127 
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TABLE 5.—Minimum, average, and maximum heights based on age, Bayfield County, 
; Wis. 

| | | 
| Height. Height. | 

Age || Age 
(years). | | (years). | | 

Minimum.| Average. Maximum.) Minimum.| Average. | Maximum. | 

| 

Feet. Feet Feet. Feet Feet Feet 
10 7 19 110 7 92 102 
20 16 35 56 120 78 94 104 
30 26 58 78 130 &1 95 105 | 
40 34 70 86 140 96 107 — | 
50 43 77 91 150 86 98 108 
60 50 82 94 160 99 1 
70 56 85 96 170 89 100 110 
80 62 88 98 180 91 101 
90 67 90 99 190 93 103 

100 71 91 101 | 200 94 | 104 

| 

Table 5 apparently indicates that the height growth of maximum 
trees is very rapid for 40 years and soon afterwards dwindles to almost 
nothing. In reality the height growth is much more gradual and 
continues longer than indicated in the column headed “Maximum.” 
The most rapidly growing trees, which apparently show a height of 
86 feet for 40 years, are merely trees which when 86 feet high have 
a diameter of 13.8 inches, this being the average height of a tree of 
that diameter. As a matter of fact, a tree which grew 13.8 inches 
in diameter in 40 years could not reach a height of 86 feet in the 
same time. The column containing the average figures gives a 
more nearly correct idea of the growth in height. 

Table 4 shows the relation between diameter and height. 

DIAMETER GROWTH. 

The diameter growth of a tree is influenced to a very marked 
extent by the quality of the soil and the density of the stand. This 
effect is clearly shown in the following classes: (1) Dominant trees. 
According to their past history in the stand these may be divided 
into those which have survived to reach merchantable size, those 
which occupy a dominant position in the stand, and those which 
have been suppressed for about 100 years by jack pine; (2) inter- 
mediate trees; and (3) suppressed trees. The growth in diameter 
of these different classes of trees, with different crown development, 
is shown in Tables 6 to 10. Table 6 gives the best, average, and 
slowest growth in diameter on good soil in Bayfield County, Wis., 
for trees which survived to reach merchantable size. 

§09040°—Bull. 139—14—_3 
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TABLE 6.—Minimum, average, and maximum growth in diameter, Bayfield County, 
Wis., on basis of age. 

[Based on 139 stumps from 108 to 202 years old.] 

Diameter breast-high (inches). Diameter breast-high (inches). 

Age nein a Da REN Scene ees Age 
(years). (years). 

Minimum.| Average. |Maximum. Minimum.| Average. | Maximum. 

10 0.2 0.6 13 110 9.3 17.9 25.2 
20 1.0 2.8 5.4 120 10.3 18.9 26.2 
30 1.9 5.7 10.3 130 113 19.8 Die L 
40 2.7 8.0 13.8 140 12.4 20.8 28.0 
50 Bie 9.9 16.6 150 1359 21.7 28.7 
60 4.6 Ie 18.8 160 14.6 22.7 29.5 
70 ayia) 13. 2 20.5 170 15.7 23.0 30.3 
80 6.5 14.6 21.9 180 16.9 24.6 30.9 
90 7.4 15.9 Pay | 190 18.0 25:9 le. 

100 8.3 16.9 24,2 200 19.2. 26.5 32.4 

Table 7 shows the diameter growth of trees which are now occu- 
pying a dominant position in the stand. Figures in the column 
headed “Maximum” are for trees which have grown practically in 
the open for their entire life. The column headed “Average” shows 
trees which have been somewhat crowded, but which from the start 
have dominated the remaining timber in height growth. The ‘“ mini- 
mum”’ is for trees which have been suppressed by jack pine. The 
growth in both diameter and height of such Norway pines is stunted. 
In 80 years the trees have reached a diameter of but 4.3 inches, as 
contrasted with 19.2 inches in the case of open-grown trees. At 
this age jack pine dies out, and by 100 years has entirely disappeared 
from these even-aged stands. The surviving Norway pines, freed 
from competition and with plenty of crown space, develop good 
crowns and take the position of intermediate or dominant trees. 
Only their record of diameter growth remains to show the former 
existence of the jack pine in mixture. Had these trees grown in 
pure stands, they would have been killed in competition. 

TaBLE 7.—Minimum, average, and maximum diameter growth of dominant trees on basis 
of age, Cass and Itasca Counties, Minn. 

[Based on 739 stumps from 27 to 303 years old.] 

Diameter breast-high (inches). Diameter breast-high (inches). 

Age Age 
(years). (years). 

Minimum. | Average. | Maximum, Minimum. | Average. | Maximum. 

LOM lectesce oes 0.8 2.7 110 6.8 14.7 2201 
20 0.4 2.8 6.8 120 7.6 15.5 22.8 
30 8 4.9 10.1 130 8.4 16.1 23.5 
40 1.3 6.6 12.6 140 9.1 16.7 24.1 
50 2.0 8.2 14.6 150 9.8 17.3 24,7 
60 2.7 9.6 16.4 160 10.4 17.8 25.2 
70 3.5 10.9 17.9 170 10.9 18.4 25.7 
80 4.3 12.0 19.2 180 11.3 18.9 26.3 
90 5.2 13.0 20.3 190 11.8 19.5 26.7 
100 6.0 13.9 21.3 200 12.1 | 20.0 27.2 



NORWAY PINE IN THE LAKE STATES. 19 

Table 8 shows the diameter growth of intermediate trees on situ- 
ations typical of the sandy plains of low agricultural value. 

TABLE 8.—Minimum, average, and maximum diameter growth of intermediate trees on 
the basis of age, Cass and Itasca Counties, Minn. 

[Based on 760 stump counts.] 

l 
Diameter breast-high (inches). | Diameter breast-high (inches). 

Age | Age | 
(years). | | : || (years). et | ; 

Minimum.| Average. | Maximum. | Minimum.| Average. | Maximum. 

| 
10 0.4 0.9 2.3 110 6.6 13.5 21.7 
20 9 200 6.0 120 Ted 14.2 22.5 
30 1.4 4.6 9.3 130 Us 14.9 7a 1h 
40 2.0 6.3 12.0 140 +2802 15.5 23.6 
50 2.6 7.8 14.2 | 150 8.7 16.1 24.1 
60 3.3 9.1 16.0 160 9.1 16.7 24.6 
70 3.9 10.3 i765 170 9.5 17.2 25.0 
80 4.6 11.3 18.9 180 9.9 Fe 25.4 
90 5.3 ID 20.0 190 10.3 18.3 PSST 

100 5.9 12.9 20.9 | 200 10.7 18.9 26.0 

Table 9 shows the growth of suppressed trees. 

TABLE 9.—Minimum, average, and maximum diameter growth of suppressed trees on 
basis of age, Cass and Itasca Counties, Minn. 

[Based on 164 stumps, 51 to 152 years old.] 

i| 

Diameter breast-high (inches). _| Diameter breast-high (inches). 

IND 0 2) eS tor MSS ie ap eg teen eee Age 
(years). || (years). : 

Minimum.}| Average. | Maximum. | Minimum.| Average. | Maximum. 

| 

110) = 0) een eaeeeereses scaes 0.5 13 | 90 5.3 9.5 14.8 
20 0.5 1.8 3.9 | 100 6.0 10.1 15.5 
30 esl 3.2 6.4 | 110 6.7 10.7 16.1 
40 1.7 4.5 Sey7. 120 7.2 11.3 16.8 
50 2.4 5.8 10.6 130 Cet! 11.8 17.4 
60 Ze 7.0 12.0 140 8.1 12.3 18.0 
70 3.9 8.0 1351 150 8.5 12.8 18.6 
80 4.6 8.8 13.9 

The demand of Norway pine for light, which prevents it from 
growing under hardwoods, white pine, or underbrush, is brought out 
in the growth tables. When growing with any other species except 
jack pine it must remain dominant by means of rapid growth or be 
killed by suppression in the course of time. Jack pine has such a 
light crown that in mixture with it Norway pine can survive a period 
of extended suppression and ultimately develop a fair crown growth. 
The better the soil the closer will be the competition between these 
two species. On very poor soils Norway pine in mixture with jack 
pine sometimes lives to an advanced age as mere stunted poles from 
10 to 20 feet high and from 1 to 8 inches in diameter. 

VOLUME GROWTH. 

Growth in volume of Norway pine (Table 10) is derived from tables 
of growth in diameter and height at different ages, used in connection 
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with a table in volumes for trees of different diameters and heights. 
The table indicates that Norway pine grows in volume at a uniform 
rate to an advanced age. 

Tae 10.—Growth in volume, on basis of age, of average dominant trees, Cass County, 
Minn. 

Age . ; Scribner | Periodic growth for ‘ Mi Meee 
ae Diameter. | Height. | Volume. anit 10-year periods. Mean annual growth. 

Inches. Feet. Cubic feet. | Board feet. | Cubic feet. | Board feet. | Cubic feet. | Board jeet. 
10 0.8 Settee bic acts lee Sis Se ete eteea [ere erates ain ere Sed lm erssetcrene Sie aces lve ml aero eee | conten ees 
20 2.8 Ooi ee sc clor tee s oheeso|fsek coe aetoe |g ateeee ten do[oes coe eae |e eee 
30 4.9 35 Qe She tah Sipe len oe ayers eceevere eee ONCE S| eee eee 
40 6.6 47 GRO H| Seer eee eee ea}(0 | Pea teeeeA peer: 31133%)| Gee ose eeee 
50 8.2 58 10. 1 27 ASS cee eae . 202 0. 54 
60 9.6 66 15.8 57 enh 30 . 263 - 96 
70 10.9 72 PA leal 90 he! 33 . 301 1. 29 
80 12.0 76 27.4 128 6.3 38 343 1.60 
90 13.0 80 34.0 160 6.6 32 sabia) Ties 

100 13.9 83 40. 6 193 6.6 33 - 406 1.93 
110 14.7 85 46.3 228 5.7 35 ~ 421 2.08 
120 15:5, 87 53.8 263 G25 35 ~ 448 2.19 
130 16.1 88 59. 0 286 D2 33 - 454 2. 20 
140 16.7 89 63. 6 314 4.6 28 - 454 2. 25 
150 ied 90 69. 4 345 5.8 31 463 2. 30 
160 17.8 91 74. 4 374 5.0 29 - 465 2.34 
170 18. 4 91 79.3 405 4.9 31 465 2.39 
180 18.9 92 84. 4 43 5.1 32 469 2. 43 
190 19.5 92 89.3 470 4.9 33 470 2. 47 
200 20.0 93 94. 6 505 ieee eS: 35 473 2552 

YIELD. 

The growth in diameter, height, and volume of individual Norway 
pine trees is of little aid in determining the yield per acre. Yields of 
stands of different ages are best found by actual measurements of 
stands of the age to be recorded. The yield of even-aged stands is 
then determined by.multiplying the volume of the average. tree by 
the number of trees on the area. The sample plots upon which 
Table 11 is based were located in Cass and Itasca Counties, Minn. 
The plots selected for measurement were completely stocked with 
pine. A mature and fully stocked Norway pine stand forms a prac-— 
tically complete crown cover. The crowns themselves are not dense 
nor is the shade deep, though it is usually sufficient to exclude from 
the dry and sandy forest floor practically all underbrush, leaving only 
a carpet of needles. At the age of 150 years, however, the stand 
begins to thin out, and by 200 years the canopy wiil be broken, with 
many blanks caused by the death of trees. The yield per acre at 
this time is actually less than at an earlier age. 

The method followed in constructing Table 11 was to plot the 
yield of each sample plot on cross-section paper, ‘on the basis of age. 
The space between the maximum and minimum curves was then 
divided into three parts, representing good, medium, and poor yields. 
These coincide roughly with the three qualities of soils upon which 
the plots were taken. A curve was then drawn through the center 
of each space representing the qualities, from which the yields for each 
age were read. In applying this table it should be remembered that 
the figures represent a theoretically perfect stand. Actual yields on 
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sand barrens where there are small openings may, even in the case of 
plantations, be from three-fourths to one-fourth of these amounts. 
Table 11 is based on 85 sample plots from 40 to 200 years old. 

Tasie 11.— Yield per acre of fully stocked even-aged stands according to three quality 
classes. 

Yield per acre. 

Age | 
(years). | 

Quality I. | Quality II. |Quality II. 

Board ft. Board ft. Board ft. 
40 4, 100 2000 =P oe ae a 
50 9, 400 6, 10 2, 800 
60 15, 100 10, 200 5, 300 
70 20, 960 14, 300 7, 900 
80 26, 500 18, 600 10, 700 
90 32, 300 22, 90! 13,700 

100 38, 500 27, 400 16, 900 
110 44,700 32, 000 20, 100 
120 50, 800 36, 700 23, 100 
130 56, 800 41, 200 25, 800 
140 60, 500 43, 900 27, 900 
150 62, 300 45, 700 29, 500 
160 0 46, 900 30, 600 
170 63, 700 47, 500 31, 100 
180 63, 700 47,700 31, 300 
190 63, 000 47, 300 31,300 
200 61, 800 46, 500 31,000 

1 

The mean annual growth in board feet culminates on all the quali- 
ties of site at about 140 years. ‘There is a slight further increase in 
volume until 170 years on Quality I, and to 180 years on Qualities IT 
and Jil, but the mean annual growth per acre falls off, and soon 
the stand itself begins to lose in volume from windfalls, old age, and 
fire. The maximum mean annual yield on good soils hardly exceeds 
400 per year, and on Quality III sites 200 feet. These yields are for 
natural Norway pine sites, whose quality is at best much below that 
of soils occupied by white pine and hardwoods. Since Norway pine 
will grow on any well-drained soil, if started in full sunlight, yields 
from plantations, even when unthinned, on the richer soils may 
amount to from 500 to 800 board feet per acre per year. Since Nor- 
way pine can form fully stocked stands only under ideal conditions 
of light and moisture, which are seldom met with in nature, the aver- 
age stand per acre of pine, either Norway or white, actually comes 
nearer to being 5,000 or 10,000 feet, instead of the 40,000 or 60,000 
feet yielded by fully siorked areas. 

The openings in ordinary stands of Norway pine are occupied by 
poplar, birch, and scrub oaks, although none of these species do as 
well as Nome pine on smn soils. Even if these inferior species 
could be utilized, nothing like the returns can be secured as from fully 
stocked stands of Norway pine. It is safe to say that with complete 
stocking the average production of large areas can be increased five- 
fold. 

The number of trees on fully stocked areas depends in part on the 
_ width and shape of the crown. Table 12 gives an idea of the average 
width of crowns of trees of different diameters. 
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TABLE 12.—The crown width of dominant trees on basis of diameter breast-high, Itasca 
County, Minn. 

[Based on 134 measurements.] 

Diameter | Width of || Diameter | Width of 
breast-high crown breast-high crown 
(inches). (feet). (inches). (feet). 

3 4 13 15 
4 5 14 15 
5 7 15 16 
6 8 16 16 
di 9 17 16 
8 11 18 16 
9 12 19 16 

10 13 20 17 4 
11 13 21 17 
12 14 

The crowns of Norway pine trees are remarkably narrow com- 
pared with those of southern and western pines, which makes possible 
a larger number of trees per acre. An idea of the possible approx- 
imate yields which may be obtained under management is given in 
Tables 13 and 14. It can be assumed that with frequent thinnings 
the trees remaining in the stand will grow at the average rate of 
dominant trees and will have the width of crown indicated in Table 
12. Assuming that the average volume of these trees will be that 
shown in Table 10, it is necessary only to know the average number 
of trees per acre in order to ascertain roughly the yield of such stands 
at a specified age. 

The diameter of the average crown was squared in finding the 
number of such trees that could stand on an acre. Since ¢rowns 
are circular, this introduced a factor of safety amounting to a reduc- 
tion of 22 per cent of the number of trees which might otherwise be 
computed as having growing space, and gives a crown density of 78 
per cent instead of 100 per cent. 

TaBLE 13.— Yields per acre of dominant trees, calculated from diameter growth, average 
crown space, and number of trees per acre at different ages. 

itee per 
! acre from 

ae see Age Volume of| curve, | Yields per 
Goon ae (years). tree, based on acre. 

ae crown 
space. 

Board feet. | Number. | Board feet. 
8 49 23 302 8, 280 
9 56 45 266 13, 590 

10 . 63 67 241 17, 822 
11 71 94 221 22, 654 
12 80 128 206, 28, 288 
13 90 160 193 32, 960 
14 101 197 183 38, 021 
15 114 242 175 44, 286 
16 128 289 168 50, 575 
17 145 329 163 55, 272 
18 163 383 158 62, 429 
19 182 444 154 70, 152 
20 200 505 151 77,770 
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Column 2 of Table 13, which shows the age of trees of each diam- 
eter, was taken from Table 7, using the average figures of growth in 
the middle column of dominant trees. Much larger yields would 
have been indicated had the left-hand column been made the basis 
of the calculation. 
Column 3 was obtained from Table 10, volume een of Norway 

pine, Table 7, middle column, for diameter growth of dominant trees, 
and from Table 4, average heen based on diameter of dominant 
trees. 

Column 4 was obtained by squaring the crowns of trees of all 
diameter classes, computing the number of trees per acre for each 
class by dividing 43,560 by the square of the diameter of the crown, 
a density factor of 0.78 per cent, and then plotting the results and 
evening off by a curve for each diameter class. 

Column 5 was obtained by multiplying column 3 by column 4. 
Table 14 shows by decades the yields given in Table 13. 

TaBLE 14.—Theoretical yield per acre of fully stocked stands, Quality I. 

Yields Yields Age Age 
(years). cone (years). ae 

50 8, 400 130 50, 400 
60 14 600 140 54; 000 
70 22? 000 150 57, 600 
80 27, 600 160 61, 000 
90 33,000 170 64, 000 

100 37, 700 180 66, 900 
110 42, 300 190 69, 500 
120 46, 500 200 72} 000 

These theoretical yields agree with those found by actual measure- 
ments of fully stocked stands on first quality sites. The actual 
yields slightly exceed those shown in Table 14, notably for the ages 
from 110 to 160 years. At 170 years the actual yields fall off rapidly, 
while the yields computed from crown space continue to increase even 
after the results are reduced by a curve. These facts indicate, first, 
that the rate of growth used in the calculation is actually attained 
by the greater number of trees forming a Norway pine stand on 
good soil, and, second, that the density of the crowns of such stands 
is greater than 0.78, which is the assumed factor of density obtained 
by squaring the crowns which are normally round. Finally, the 
divergence of yields for 170 years clearly indicates that at this age 
the natural stands begin to deteriorate and do not maintain the 
closed canopy. The decrease in the number of trees per acre re- 
sulting from this process of deterioration lowers the yield from then 
on. Individual Norway pines will live to be 300 years old, but plots 
much over 200 years old are composed either of the remnants of 
much denser stands or of the survivors of a struggle with jack pine. 
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It is an interesting fact that a Norway pine tree which has been 
stunted for from 30 to 50 years, if it recovers, adds that period to its 
normal life. This behavior has also been noticed in the case of tama- 
rack and the giant sequoias of California. Table 15 gives some 
interesting figures of increment for 8 sample plots measured in pole 
stands. The volumes are computed to a 2-inch merchantable diam- 
eter on the basis of the average tree for each diameter class. 

TasieE 15.1— Yield per acre of fully stocked sapling and pole stands on good-quality soil. 

Serial No. of plot. 

1 | 2 3 | 4 5 6 | 7 | 8 

Location. 

| 
Re- | Grand} Men- | Black-| Clo- | Itasca | Shey- | Itasca 

lease. |Rapids.| ahga. | berry. | quet. | Park. lin. Park 

Soil. 

| 
Sand Sandy | Sandy | Sandy | Sandy | Sandy | Sandy | Sandy 

* | loam. | clay clay clay. | clay clay clay 

Age of stand.........0.2..000- years. . 13 15 15 tpl = toy 27 41 79 
Average diameter breast-high. inches. . 2 34 34 4 5 5 44 84 
Average total height...........-. feet... 104 22% 164 20 29 21 40 69 
Total number of trees per acre........ 1,720 | 2,616 713 778 | 1,512 874 616 524 
Volume at present..-. .---cubic feet. . 145 | 1,235 272 548 | 1,368) 1,085 990 5, 534 
Volume 5 years ago.....-....-- domeelece cease 121 55 74 | 647 548 455 4, 629 
Total increment last 5 years..........|...-.--- 1,114 217 474 | 721 537 535 919 
Annual increment last 5 years........)......-- 223 44 95 140 107 107 184 
Average annual increment..cubic ft.. iba 82 18 32 | 50 40 24 73 

Volume at present...........- cords. . 2 17.3 3.8 Get) alos 15.2 14 79.5 
Volume'd5 years ago......--.... GOeere ceeeace UG) 0.8 1.2 9.1 7.6 6.3 64. 6 
Total increment last 5 years..........|.------- 15.5 3 6.5 10 7.6 (EG 14,9 
ATNUGANCKEMENT MASTS Years soe | sae ae ete | eetscte 2 alle year 1.3 2 1.5 1.5 3 
Average annual increment....cords..| 0.15 1.3 0. 25 4 0.7 0. 56 0, 34 1 

Volume at present....... board feet..) 1,015 | 8,645 | 1,912] 3,840; 9,581] 7,595} 6,934] 39,735 
Volume 5 years ago..........-- dole sees? 849 383 525 | 4,530 | 3,838 | 3,187 | 32,332 
Total increment last 5 years.......:.-|......-- 7,798 | 1,519] 8,318| 5,047] 3,757 | 3,745 7, 403 
Annual increment last 5 years........|----..-- 1,560 | 302 665 | 980 751 749 1,580 
Average annual increment..board ft. . 77 643 126 224 350 281 169 503 

The figures in the table would indicate a remarkably rapid growth. 
On the whole, however, it is clear that upon poor soils, and with the 
comparatively cool and short growing season, rapid growth and heavy 
yields can not be expected at an early age. The returns from either 
plantations or natural stands inside of 40 years will be negligible, yet 
in the end the species not only exceeds in the capacity for timber 
production any other species adapted to sandy soils in the North, 
but equals and probably exceeds in yield per acre the Scotch pine 
grown on similar soils in Europe. If such growth is possible in the 
more northern latitudes, and on the sandier soils, it should produce 
yields equal to or exceeding those of white pine at the southern 

1 Furnished by William T. Cox, State forester of Minnesota. 
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limits of its range and on the richer soils occupied by hardwoods. 
This fact, when taken in connection with its immunity from the 
white-pine weevil and freedom from other forms of insect or fungous 
attacks, should give Norway pine an important place in future 
forest management. 

There is a tendency to use Scotch pine on soils suitable for Norway 
pine. The height growth of the Scotch pine exceeds that of the 
Norway for a few years, but the future development of the former 
species as a timber tree in America can not be predicted. Much 
Scotch pine seed is collected from stunted trees which can not pro- 
duce sizes of commercial value. In Norway pine, on the other hand, 
the forester has a tree whose growth and development is absolutely 
certain, and therefore should be depended upon in large commercial 
plantations on poor soils. 

MANAGEMENT. 

RESULTS UNDER THE MORRIS ACT. 

The only systematic attempt at management of Norway pine on 
a considerable scale has been made on the Minnesota National Forest, 

under the Morris Act of June 27, 1902. This act as passed provided 
that 5 per cent of the total volume of standing timber be left in seed 
trees. In 1908 an amendment to the bill doubled: this percentage. 
When 5 per cent of the volume was left, there were from 0.2 to 1.5 
seed trees per average acre, or about 0.6 seed trees per acre for the 
area aS a whole. Cutting was begun in 1904, but the areas were 
burned over the same year, so the results from cutting 95 per cent of 
a Norway pine stand can not be predicted with certainty. Young 
growth has come in well on two areas where light fire, which cleared 
out the underbrush, was followed by a good seed crop. Owing to 
the rather open stand, averaging about 6,000 board feet per acre, 

considerable ground cover existed before the logging. Taken as a 
whole, the natural reproduction is not a success, because not enough 

seed fell immediately after logging, when the bared soil was in the 
best condition to receive it. What young growth there is has sprung 
up as the result of the chance combination of a good seed year with 
a suitable condition of the soil. Where conditions have been favor- 
able, however, the results are unexpectedly good, 

Before condemning the Morris Act because better results have not 
been obtained, one must bear in mind that as a forerunner of forest 
management in Minnesota it was necessarily a compromise between 
the clear cutting of the old-time lumberman and the ideal conserva- 
tive fellings of the forester. 

ROTATION. 

The time at which Norway pine should be cut must be determined 
in each individual case. To grow sawtimber from 20 to 24 inches in 
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diameter takes on the average Norway pine soil from 132 to 173 
years. The average annual growth culminates at about 140 years on 
all sites, and consequently the rotation which would give the greatest 
volume production would be one of 140 years. If timber is cut when 
too young or too old the full productive capacity of the soil is not 
utilized, especially if the timber is cut clear. When natural repro-» 
duction is sought, particularly with the shelterwood system or from 
clear cutting, the stand should be felled if possible while the trees are 
producing seed prolifically, i. e., between 80 and 130 years. 

Financial returns.—A long rotation means a larger growing stock 
or forest capital; and in compound interest calculations the interest 
on this standing timber more than counterbalances the sale value 
of the additional lumber produced. To illustrate this principle, 
according to Table 11 a Norway pine stand on Quality IT soil? yields 
10,200 board feet after 60 years, 18,600 after 80, 27,400 after 100, and 
36,700 after 120 years. Table 16 shows the estimated returns on 
money invested in Norway pine stands when cut after 60, 80, 100, and 
120 years. Compound interest has been figured at 4 per cent on an 
initial cost of $15 for land and young growth; taxes and fire protection 
at 4 cents per acre per year; and stumpage at $20, a very conservative 
figure, for the years 1973, 1993, and 2017. 

TABLE 16.—Revenue derived from the conservative management of Norway pine. 

: Approxima- 
$15 capita tion of final 

Length Final vi - , 2 ieee al yield | at4 percent | yield per 
Hees Yield from thinnings. per acre. | compound | cent on orig- 
(years). interest. inal invest- 

ment. 

60 $204. 00 $157.79 4 
80 ||Estimated thinnings will pay cost of taxes and fire | 372. 00 345. 74 44 

100 protections. 2. 2-5-0 = Syaerapdiatnteiele oo Sicjave sjeseisysteintess ans | 548. 00 757. 57 33+ 
120 | 734. 00 1,659. 94 3t 

Any forecast of future returns necessarily involves some elements 
of uncertainty. What will be the taxes, fire loss, or unforeseen 
injuries? Will natural reproduction be wholly or partially success- 
ful, or a total failure? What will be the stumpage price? At what 
figure should the land and timber be capitalized? It is certain that 
in 1950 Norway pine in the United States will bring at least as high 
a stumpage price as good Scotch pine in France and Germany brings 
now—from $12 to $24 per thousand board feet—probably 30 to 100 
per cent more, since it now nets from $10 to $12 on the stump. But 
even with such an increase, the returns from forest investments ex-_ 
tending over long periods of time are certain to be small as com- 
pared with returns from short-term investments. 

1 Allcalculations are based on Norway pine growing on sandy soil, because this is the soil to which the tree 

is naturally adapted. 
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CLEANING OR WEEDING. 

To produce timber of high quality it is essential in most cases to 
tend the stand practically from the start. One of the main cultural 
operations is to clean or weed the young stand of undesirable trees. 
While such an operation may be permissible from a financial standpoint 
in a mixed hardwood forest, it would scarcely be justified in the case 
of Norway pine. To clean or weed the young Norway pine stands 
will entail an expense of from $2 to $4 per acre. Two dollars at 5 
per cent compound interest amounts to $697.82 for a rotation of 120 
years, and few operators could afford this expenditure. Where the 
owner maintains a protective force the rangers may make systematic 
weedings. For example, if jack pine is temporarily suppressing the 
Norway pine, the ranger can top the jack pine and lessen the strug- 
gle for light. Norway pine seedlings under aspen or underbrush 
can be liberated. If this weeding can be done in connection with 
other duties, even at a small additional expense, it is certainly worth 
while. In Minnesota, for example, there are thousands of acres of 
natural forests of Norway pine, from 10 to 30 years old, which deserve 
attention from the owners, and which it would be profitable to hold 
in view of the increasing demand for small mine timbers. 

THINNINGS. 

The removal of undesirable or competing trees from a stand is 
called thinning. This reduces the loss which ordinarily takes place 
in the struggle for light. The silvicultural value of thinnings in 
Norway pine can not be questioned, although they are not of the 
same vital importance as in a mixed forest. In a widely spaced 
plantation thinnings would probably not be needed before the 
twentieth or thirtieth year, but will be necessary after that. Timely 
thinnings are important in securing natural reproduction, since they 
result in a final stand of trees with well-developed crowns, thus 
insuring abundant production of seed. Moreover, every lumberman 
would prefer to cut 88 20-inch boles, rather than 338 13-inch,! because 
wide lumber brings better prices than narrow boards. Under 
present conditions thinnings on a large scale are justified only when 
the sale of the products at least pays the cost. The owner of a small 
area of timber can improve his stand without expense by selecting 
the small poles needed for farm construction from dense groups of 
Norway pine, instead of adopting the possibly more convenient pro- 
cedure of cutting a portion of his woodlot clear. Thinnings in pine 
stands should begin early, and be made lightly and often. In a 
dense Norway pine stand the first thinning should be made when the 
trees are from 20 to 30 years old, removing from 10 to 15 per cent of 

1 See Table 11 for yield data on unthinned stands on Quality IT soil. 
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the stand. After that, they should be repeated every 7 or 10 years. 
In practice, however, this can rarely be carried out, because of the 

present lack of market for small saplings and the prohibitive cost of 
logging scattered trees. Thinnings in young pine stands should not 
be heavy or the height growth will be impaired. The trees will not 
prune so well, and the soil will not be sufficiently shaded toward the 
end of the rotation to prevent weeds from getting a foothold and 
endangering reproduction. Heavy thinnings, moreover, are likely 
to result in windfall, as was well illustrated in the case of the thinned 
stand of Norway and white pine on the Grand Marais Lighthouse 
Reservation a few years ago. The winds off Lake Superior are very 
heavy at times. Many of the trees left standing on the lighthouse 
reservation lean badly and appear to have their roots loosened. In 
this case the thinning was probably deferred too long and then made 
too heavy. 

IMPROVEMENT CUTTINGS. 

In mature and overmature stands where, as in the case of parks, 
the aim is not so much to secure young growth as to maintain the 
present stand, loss would be avoided if systematic improvement 
cuttings are made at intervals of from 15 to 25 years. The Norway 
pine trees removed should be those with straggling and light-green 
foliage, stag-headed, or clearly so overmature that they will not 
survive until the next cutting. It would be better even to cut a 
few healthy trees in clumps, in order to increase the amount to be 
logged per acre, than not to cut at all. When an overmature forest 
is cut systematically, it is possible to clear up the occasional wind- 
falls, which are bound to occur in old age. 

MANNER OF CUTTING. 

In any partial cut of the stand the trees to be removed should 
be marked beforehand, in order to insure that the thinning will be 
carried out as planned. The method usually followed is to blaze or 
stamp the roots and bole of the trees to be cut. Close utilization 
of the material marked is even more important. The owner should 
see to it that stumps are cut low (from 12 to 16 inches, depending 
on the size of the timber), the tops utilized to the full merchantable 
limit (in the Lake States usually 6 inches), and that logs partially 
defective are removed, even if they contain only from 20 to 25 per 
cent of merchantable material. It is, of course, necessary to use 
great care not to damage reproduction which is to form the second 
crop. Roads, skidding trails, skidways, and the cutting of seed 
trees should be designed with this in view. 
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NATURAL REPRODUCTION. 

The aim should always be to secure a second crop by natural 
seeding of the ground by the trees in the original stand. This can 
be insured in most cases by proper methods of cutting. Artificial - 
sowing or planting, because of the initial cost’ and because of 
low stumpage prices, should be resorted to only when natural repro- 
duction fails. Even after reasonably successful reproduction takes 
place there will be fail places or blanks. Where the stand is open 
and overmature, forestation may be the only certain means of secur- 
ing a new crop of Norway pine. Where sowing or planting is imprac- 
ticable, the forest soil of the Lake States will, if protected from fire, 
still restock naturally, though with some such species as aspen or 
birch. These, while not as valuable as Norway pine, bring—in 
Maine, for example—from $3 to $10 an acre. They also have the 
advantage of rapid growth and ease of reproduction. 

There are several methods of cutting Norway pine to secure 
natural reproduction, although no one has been tried out long enough 
to establish it as superior to any other. These methods are (1) 
shelterwood system, (2) group selection system, (3) clear cutting 
and (4) leaving seed trees. No matter which of these systems is 
followed, it must, in virgin stands, assume the character of a heavy 
improvement cutting. 

Shelterwood system.—The shelterwood system of cutting—i. e., the 
removal of the stand in two successive cuttings—has been suggested 
as the ideal method of securing reproduction of Norway pine.” This 
system, however, would probably be better adapted to white pine 
than to Norway, because the former reproduces better under a par- 
tial shade. If applied to Norway pine, the parent stand should be 
removed before the seedlings suffer from suppression. If reproduc- 
tion came in within a year after the first cutting, the parent stand 
could safely be removed from 4 to 7 years later. Until fire protec- 
tion is more certain it would, perhaps, be better to leave scattered 
seed trees even after the second or final cutting, until the new crop 
reaches the sapling or pole stage. This would have its disadvan- 
tages, of course, on account of the additional cost of logging and 
the unavoidable damage to the young growth in cutting. Another 
alternative would be not to cut these ‘‘safety seed trees,’’ but to 
leave them for increased growth during the entire rotation. With 
the shelterwood system it is important to keep close check on the 
progress of reproduction after the first cutting. The owner should 
not only guard against the suppression of the seedlings, but he should 
also prevent the soil from becoming so covered with brush and weeds 

1 Mr. William T. Cox, State forester of Minnesota, states that planting has been carried on successfully 

in parts of Minnesota for from $3.50 to $6 per acre. 

2“Results of cuttings on the Minnesota National Forest under the Morris Act of 1902,’’ Proceedings of 

the Society of American Foresters, p. 104, Raphael Zon. 
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that even forestation is made impossible through the prohibitive 
expense of clearing the soil. It is often practicable to assist repro- 
duction by partial sowing or planting within a few years after cut- 
ting, before the soil becomes choked with weeds. 

Group selection system.—Cutting Norway pine in irregular selected 
croups of from 2 to 10 trees may be advisable: (1) Where for esthetic 

or protective purposes a mature stand must be maintained; or @) 
where the fire danger is very acute and continuous areas of even-aged 
stands, such as would result from the shelter-wood system, must be 
avoided. The selection method of cutting is always more costly for 
the lumberman, and invariably results in considerable damage to the 
young growth. Theoretically not more than one-fourth to one-third 
of the stand should be cut at any one time, but in practice the lumber- 
man, may be compelled to take out one-half or more and wait a longer 
time between cuttings. There will always be danger of weeds unless 
the cutting can be made closely to coincide with good seed years, 
followed by favorable climatic conditions to insure immediate seeding. 
In a large operation, where cutting must be done every year, this 
would obviously be impracticable. 

Clear cutting.—Clear cutting in strips or blocks would reduce the 
cost of logging, but it has the danger of opening the soil to weeds, 
and hence should be tried only if it can be done during or immedi- 
ately following a good seed year; otherwise, planting may be neces- 
sary. The portion of the stand uncut should be north or west, as 
well as to the windward of the area to be restocked, in order that the 
ground may be kept as moist as possible. If there is not successful 
restocking within a few years, planting should be resorted to, where 
it can, be done at a reasonable expense, before the ground has a chance 
to become choked with weeds and brush. 

Seed irees—The plan, of leaving scattered seed trees has on the 
whole proved unsatisfactory. This system is really a compromise; 
it is neither clear cutting nor partial cutting, for a few seed trees per 
acre are insufficient fully to seed up the ground. As generally prac- 
ticed, from 3 to 10 seed trees are left per acre, the more the better so 
far as the future reproduction 1s concerned. If logging can always 
be done at the time of a good seed crop satisfactory results may be 
obtained, since the soil after being stirred up by hauling and skidding 
offers a good germinating bed. With a mature stand windfall and 
sun, scald are likely. About one-fourth of the seed trees on the Minne- 
sota Forest have blown down. Yet owners may prefer to secure a 
very partial crop of the original species by this method on account 
of the small amount of merchantable timber which has to be left. 
The seed trees could be held over a rotation te yield lumber of large 
sIZ@ as a provision, against loss of the second growth by fire, or cut 
when no longer needed for purposes of seeding. 
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ARTIFICIAL REPRODUCTION. 

Where natural reproduction fails, or where the land has been 
denuded, sowing and planting is the only way to secure a new timber 
crop. The greatest drawback to the use of Norway pine for artificial] 
reforestation, is the scarcity and high cost of the seed and the slightly 
lower stumpage price as compared with white pine. Norway pine, 
however, has advantages which white pine does not possess. It wil 
grow better on sandy soil; it is hardier and less subject to natural 
injuries; it prunes itself earlier, and on poor soils produces more. 
wood. Scotch pine is often recommended in preference to Norway, 
because the seed is cheaper and the plants are fully as hardy. 

Opinion among foresters concerning the relative merits of Scotch 
and Norway pine for planting in the Lake States is somewhat divided. 
Up to the present the consensus of opinion has usually been in favor 
of Scotch pine, especially in, southern Minnesota, on account of its 
alleged greater hardiness. If planted on a large scale for forest pur- 
poses, however, Norway pine has given good results. The fact that 
it is a native species gives a greater assurance of safety than would 
the planting of Scotch pine, of which there are as yet no mature for- 
ests in, this country. 

Sowing of Norway pine on, the whole has not been, successful in the 
past, and planting has been found the better method. Measurements 
of Norway pine in New England show the average growth to be 
greater than that of white pine. On sand, containing varying pro- 
portions of loam, 40,758 white pine, 30 years old, averaged 26.6 feet 
in, height and 3.7 inches in, diameter, while 40,538 Norway pine of the 
same age averaged 35.4 feet in height and 5.9 inches in diameter, 
On richer soil, 1,758 white pine, 27 years old, averaged 43.5 feet in 
height and 5.18 inches in diameter, while 19 Norway pine were on 
the average 48 feet high and 6.6 inches in diameter. 

Although the seed usually begins to fall after the first week in 
October, it should be collected in late August, September, or early 
October. The date when it matures varies, of course, with the 
weather conditions from year to year. The cost of collecting it hag 
been, from $2 to $3.06 a pound and higher. Regular seed dealers ask 
from $4 to $12 a pound for small lots. According to the Forest 
Service, a bushel of cones will average 1 pound of seed. A pound con- 
tains from 55,000 to 70,000 individual seeds, with an average germina- 

tion per cent of 89. In the Georgian Bay region, forty-fifth paraliel 
of latitude, Norway pine seed was found by Zavitz to average only 
0.26 of a pound to the bushel and 52,000 seed to the pound. After 
cleaning, germination tests in the greenhouse gave 94 per cent. 
A great deal of original work has been done in the collection and 

extraction of Norway pine seed by Kennety at the Cloquet Experi- 

1 Measurements made by H. B. Kempton. 
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ment Station, in Minnesota. Two methods of seed collecting have 
been tried out at the experiment station. One was to follow the 
logging crew and gather the cones as the trees were felled. The 
other was to collect the cones from squirrel hordes. The latter 
method was found to be by far the best. Thus, when collecting the 
cones from felled trees from 1 to 2 bushels was the average per man 
per day; from 1 to 4 bushels was the average collected from squirrel 
hordes. The largest caches of Norway pine found contained 1 
bushel, while caches consisting of jack pine and Norway pine cones 
citen held 2 bushels. The average number of seed from cones was 
found to be 37, of which 23 were good and 14 bad. 

Tn general it was found that temperatures from 130° to 140° were 
the ones at which the seed could be extracted easiest with the highest 
percentage of germination. While for all temperatures used in the 
test the mean per cent of germination was 70.8, for 130° to 140° the 
per cent was 78.5. The lower germination per cent for tempera- 
tures of less than 130° is accounted for by the fact that at that 
temperature only the smaller and less fertile seed are released. In 
Table 17 is given the length of time necessary for Norway pine to 
crack and open at different temperatures. 

TaBLe 17.—Length of time necessary for Norway pine cones to crack and open at different 
temperatures. 

Tempera- . teneral re tik Cracking. von Not open. | 

° HT, m Teh Sipe Per ceni. 
125 1 20 4 35 12 
130 1 15 4 15 14 
135 1 30 4 0 14 
140 45 3 45 8 
145 40 2 30 8 
150 40 2 22 4 
155 50 2 25 6 
160 45 2 30 2 
165 40 Pe WUE Wen eosencere 
170 35 2 20 2 
175 15 2 Olav aeacoers sja;5 
200 15 Ui 30) oP iSie.< astatels cfeje,< 

SOWING. 

Sowing is best done when the ground is free from weeds after log- 
ging. If the seed averages 55,000 to the pound, with a germinating 
ner cent of 90, broadcasting would require about 5 pounds per acre. 
With the seed costing $4.50 a pound, sowing broadcast under these 
circumstances would be absolutely prohibitive. In any event, broad- 
casting will rarely be successful uniess the soil is harrowed and raked 
clear of weeds, though this would not be necessary on soil cleared 
by fire directly after logging. It may often be practicable to sup- 
plement natural regeneration by broadcasting on a soil bared by 
logging when there is no seed crop. 
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Sowing in seed spots is cheaper. With spots 2 feet square and 8 
feet apart and with 40 seed to the spot a little over a pound per 
acre would be sufficient. If the seed spots were spaced 6 by 6 feet, 
the total number of seed needed per.acre would be 48,400, a little 
less than a pound. Seed-spot sowing should not be attempted with- 
out proper preparation of the ground, and often some kind of a brush 
cover will be necessary to prevent the seedlings from being dried out 
after germination. Mr. J. F. Kendrick, of South Orleans, Mass., 
secured excellent results on a pure sand by the following method: 

The owner at one time attempted to farm this soil, and the year previous to starting 

the plantation rye was sown on the area, while during the year preceding that a crop 

of corn was produced. The plantation was started simply by dropping seed in the 

corn hills after making a small hole with a dibble. The spacing was about 4 by 4 

feet. After 35 years the dominant trees were 7-8 inches diameter breast-high and 38-40 
feet tall, in excellent condition, were clearing themselves well, and apparently 

growing vigorously. 
PLANTING. 

Norway pine should be planted pure or with some more tolerant 

species of slower growth. Planting in the early spring is preferable to 
that in the summer or fall. Transplants are better than seedlings, 

but on good soil the latter should succeed. Ordinarily it will be 
necessary to raise stock in the nursery, preferably near the plant- 
ing site, if the planting is on a large scale. Occasionally it may be 
possible to transplant seedlings growing in the forest, but these give 

less certain results than nursery grown stock, although success with 
wild stock at very low cost has been reported from the Minnesota 
National Forest. 

BRUSH DISPOSAL. 

Protection of stands from fire is obviously the first step in forest 
management. In 1911 the loss from forest fires in the Lake States 
totaled $3,368,000, most of it in the pineries. As a fire-protection 
measure the disposal of slash‘ is of great importance. Most of the 
great fires in the Lake States assumed the character of conflagrations 
by being able to feed upon the débris left after logging. In Norway 
pine stands, piling and burning the brush is a prudent and essential 
insurance against fire. The brush is piled and burned in winter ag 
the cutting proceeds. The cost varies from 10 to 35 cents per thou- 
sand board feet logged. On the Minnesota National Forest the aver- 
age cost has been about 16 or 19 cents. Where the timber is scatter- 
ing, and the fire risk proportionately small, it is usually sufficient to 
clear and burn fire lines intersecting and around the cut-over areas. 
These lines should rarely be less than 150 feet in width. 

1 Under the Minnesota forest law the State forester is given authority to enforce the proper disposal of 

débris after logging. 
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APPENDIX. 

VOLUME TABLES. 

The tables which follow are based on volume analyses taken in 
Minnesota and Wisconsin, chiefly under the supervision of E. 8. 
Bruce, expert lumberman. The board-foot volumes were calculated 
by the Seribner Rule, decimal C. In these tables no allowance has 
been made for defect, which must be estimated in the forest. The top 
cutting limit used was 6 inches inside bark. 

Table 18 gives the volume in board feet for trees of all diameters, 
and for 16-foot logs and half lengths or 8 foot differences in merchant- 
able height. The extremely large number of trees upon which the 
table is based (4,282 trees) makes its contents very reliable. The 

average stump height of the trees analyzed was 2 feet; the top diam- 
eter inside bark 6 inches. Usually 0.3 of a foot was allowed for 
trimming. 

TaBie 18.— Volume of red vine in board feet on basis of diameter, merchantable length in 
16-foot logs. 

Number of 16-foot logs. 

Diameter _ 

breast- 1 9 O41 1 42 1 A ak high 1 | 14 2 | 24 | 31 3h 4 43, | is | 54 6 63 7 

(inches). 

Volume (board feet). 

8 20 30 40 D8; |ehcs on dbaccccra| ae camoclen tcc ec lose SecLe onc seasons Sees eee 
9 20 34 48 63 Cid | See tep ore ee ee ae arava terete | eve ee ail eee each | eee | eee | eee 

10 20 4] Sy 73 89 LOO) ees 2 ccllertect ts sce lene Sue OAs aer eee Sees 
li 20 42 62 83 100 120 W40r ese eee Se coad sb Soe see Sees | eee | ee 
12 20 52 74 96 120 140 160 TOO". <2 ccre.c | oearoeie all cee | ree sera eateries 
13 20) 56 83 110 130 160 180 210 240 | sks ccrellcodiesine ee aon | eae 
14 20 63 96 120 150 180 210 240 270) \\sacicrere lhe cite es | eters | eee 
ia ee 71 110 140 170 200 230 270 300 8408 cot eee cle eee eae 
ils} hee 78 120 250) 190 230 260 300 340 BBO) [aw cewac|eaeee oe eee 
cE fo pss ee fe 130 170 210 250 300 340 390 430 ARO A ey Secrets 
Settee eae 140 190 230 280 330 380 440 490 DOOM ise ese eee 
TOR ers 2 Sa ae aes 200 260 320 380 430 490 550 620 (c}e\0)9] ee 
QUE: so 2 | cece | seers 220 290 350 420 490 550 620 680 750 820 
3 Weta ae had Papen ees ep ee a 310 390 470 540 610 680 750 820 880 
DOM lEsiye aal| a eeicreml| eee dll Seer fare 340 430 520 600 680 750 820 890 950 
De eee sacl eee eee oe | eee 380 480 570 660 740 820 890 960 | 1,030 
YG re Op ema [es eee Seer rons 420 530 630 730 820 900 970 | 1,040 | 1,110 
PSY) Eee SESE Wiese | Papas tes | Re aR 600 700 790 890 980 | 1,060 | 1,130 | 1,200 
DG aaa | Pieveess 3 [Merete | eae cteed| emcees 660 760 860 960 | 1,060 | 1,140 | 1,230 | 1,310 
DATha We eyed | ee cast) Wieeyel meet Meeseogt cape | Wane ea te 720 830 940 | 1,040 | 1,140 | 1,240 | 1,330 | 1,430 
Dit ecemese | yore eeu cts Sane llctee ter | eee acd 790 900 | 1,010 | 1,120 | 1,230 | 1,350 | 1,450 |} 1,560 
40 Vi Ian ee (S| |e a ea age ers at [ee Ree Rarer 960 | 1,080 | 1,200 | 1,330 | 1,450 | 1,580 | 1,700 
OU Weyer bases | Vepere, te || ere enemy all terre meee at 1,030 | 1,160 | 1,300 | 1,430 | 1,570 | 1,710 | 1,850 
Bot Ea eseed [ear Ree (ened ete elev] eae Fas ae were 1,100 | 1,240 | 1,390 | 1,530 | 1,690 | 1,840 | 2,000 
B27 Beiter a ee cette Na cero | Sree ars | eee ses em Soe 1,330 | 1,490 | 1,650 | 1,820 | 1,980 | 2,140 
a Specie | yet | eee eee eel Merete psi | ena |e Spe oan | weenie oe 1,420 | 1,590 | 1,770 | 1,950 | 2,130 | 2,300 
gee | eee ae erage eegre, coell eel ered etfs S| alee ae ae eas 1,520 | 1,710 | 1,900 | 2,090 | 2,280 | 2,480 

The use of total heights instead of merchantable height is possible 
with a species as regular in form and as free from heavy top branches 
as is the Norway pine. Where this is done, the error arising from 
failure to employ the top diameters used in timber estimating, can 
not affect the results beyond the amount of the difference in the 
used volume or waste in the tops. Total height is a more accurate 
basis for estimating velumes than arbitrary merchantable heights 
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for all species which have a regular form and are utilized closely in 
Table 19 gives the volumes of Norway pine in board feet 

classified by 10-foot differences in height, based on the 4,282 trees 
measured for Table 18. 

the tops. 

TaBLE 19.—Volume of Norway pine, in board feet, on basis of diameter, total height in 
feet. 

Height of tree (feet). 
Average 

Diameter | for all 

peceombece |,» 30 | 40 | 50 | 60 | 70 | 30 | 90 | 100 | 110 | 120 
(inches). 

8 G5). iets hs tee 
9 CAN semen arate Bier geo balls 

10 TL 20) | eee SO Berane 
11 DSO ea IIS ies ee 
12 180 210} Pie aes 
13 210 240 ee eae 
14 250 280) eae ai eys 
15 299 B20 REEL 
16 330 360 399 
17 370 410 440 
18 420 460 500 
19 489 520 560 
20 540 590 630 
21 610 670 710 
22 690 750 800 
23 760 830 890 
24 850 920 990 
25 940 | 1,020 1,090 
26 1,030 1,120 1, 200 
27 1,120 |} 1,220 1,310 
28 1,220] 1,330 1, 430 
29 1,320 1,440 1,560 
30 1,420] 1,560] 1,700 
ol 1, 530 1,690 1,850 
32 1,640 | 1,820 2,000 
33 ¢ 1.750 | 1,960 2,160 
34 PAOLO) Mees Rue ND a Ona on: 3" |2+ COR APA INS ais 1,650 | 1,870| 2,100] 2,320 

The cubic volume,. without bark, for trees up to 20 inches in 
diameter, is given in Table 20, which is based on 303 trees. 
21 is the same except that the bark has been included. 

Table 

TABLE 20.— Volume of peeled Norway pine, in cubic feet, on basis of diameter, total 
height in feet. 

Diameter 

Height of tree (feet). 

(inches). 40 50 60 70 80 90 100 

Peeled volume (cubic feet). 

5 2.7 3.3 AEN Dh Sg ss ACO | Sone Ses a dN La CNEL (el Sao ME 
6 3.8 4.8 df Sg es Uy aly ea Sy ec 
7 5.0 6.3 7.8 QAO eee I EAST ISH GGG | Rea a Reet gaplt = 
8 6.5 8.2 10.1 11.9 LOKOM |S else ances eam tease ee 
9 8.1 10. 2 12.6 15.0 17,5 ORS | RAS eee tae 

10 9.9 12.6 15.3 18. 2 21.0 24.0 27.0 
TOU eee eae ese 15.2 18.3 21.0 25.0 29. 0 32.0 
TODS Sea oe ee se 18.2 21.0 25.0 29.0 34.0 38.0 
UG Pl es SR eee 21.0 25.0 29.0 34.0 39. 0 45.0 
Tee ee ROO BE al ne Be eS ees 29.0 33.0 39.0 46.0 52.0 
TE Repeerte ceis oic kg yeh oy Se Oe WN Ie eta ae 37.0 44.0 52.0 60.0 
TGCS SRR SE See sh RNC UR EE UU GBS ee Fes US nay LNA EN 51.0 60.0 68. 0 
TANS eisve BLN Marcie Sei SR oe TE OU CNN 57.0 7.0 77.0 
S37 eee ear coche | Se erciey eC ae ea | ENaNe TRI Hin Ee e 64.0 75. 0 86. 0 
BUN gst Sahat 00 a Saga aoe sek 268, Re HE 2 [hes he Papert eno PSE a oi 71.0 83.0 | 94.0 
PAO) A SU ae ie es a OU aR EP Reset oS areal | DVS ROSE H 79. 0 91.0 103.0 
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TaBLE 21.— Volume of Norway pine with bark, in cubic feet, on basis of diameter, total 
height in feet. 

{Calculated from form factors of 306 Trees.] 

Height (feet). 

Diameter | l ere 
breast- x | > | C | | 4 orm 
ha 40 | 50 60 | 70 | 80 | 90 | 100 110 ractors 

(inches). : : 

Volume (cubic feet) 

| | 

5 | 3.0 an Ai Ae oes | See see 2 0.542 
6 4.2 5.3 6.4 | ssl So tnassee laste cenescs . 540 
7 5.8 2 8.6 10.1 ila IAs Ss) |ateeehe ee .538 
8 165) 9.4 T1i2 13a 15.0 16.8 | . 536 
9 9.4 11.8 14027] 16.5 18.9 21.0 . 534 

10 1A 14.5 17.4 | 20.0 23.0 26.0 | - 533 
il 14.0 17.5 21.0 Dae) 28.0 32.0 20oL 
12 16.7 21.0 25.0 29.0 3.0 37.0 | - 530 
13 19.5 24.0 29.0 34.0 39.0 | 44.0 . 529 
14 23.0 28. 0 34.0 40.0 45.0 | 51.0 -528 
15 26.0 32.0 39.0 | 45.0 52.0 | 58.0 SOLU 
LGN eee 37.0 44.0 51.0 59. 0 | 66. 0 526 
N/a eee eee 41.0 50.0 58.0 66.0 | 74.0 525 
of oy eee eee eee 46.0 56.0 65.0 74.0 83.0 524 
ih) ree eee oe eee 62.0 7230 §2.0 3.0 523 
DO ated Se |e eee oe 68. 0 80.0 91.0 102.0 522 
py ere eee [eee Nea k 75.0 88.0 100.0 113.0 -522 
DAA te Pees | Sent Ot as eed 96. 0 110.0 124.0 SGyAl 
Dy Be eee |e ene a) Beene ae 105.0 120.0 135.0 520 
21 (eset oes Aa | Rare [32 oaiesienss 114.0 130.0 147.0 -519 

| 

By a comparison of Table 20 and Tabie 22 which follows, and by 
referring to the study of specific gravity, page 8, it is possible to 
determine approximately what sizes of trees can be driven without 
danger of expensive loss through sinkers. 

TaBLE 22.—Volume of Norway pine sapwood, in cubic feet, on basis of diameter, total 
height in jeet. 

| Total height of tree (feet). 

| 
Diameter | | | | 

breast-high | 40 50 | 60 | 70 80 | 90 100 110 
(inches). | | | | 

Volume of sapwood (cubic feet). 

om 2.3 2.6 | 8.0 nude eetewtl sees cey oot coe 
6 | one 3.9 QD osc aerate aesle Seesice sos ee aeesn ences) Seeeeeeeee ae 
7 | 4,2 5.3 6.1 G25: |osiscn ce etetelocesecsncs|-teee tees ae 
8 5.2 6.8 8.0 8.6 | 8285 |. vecse dl eee eee | See 
9 6.4 820 10.2 i LUG scenes ee eee eee |e eee eee 

10 7.8 10. 4 12,4 13.7 | 14.5 15.4 1653") sooeeeeee 
11 9.3 12.3 14.7 16.4 17.6 12.5 19.60) so cose eee 
12 10.8 14.2 16.9 19.0 21, 0 22.0 23.0 4 
15S) Pearse! eee Seems 19, 2 2120 23.0 25.0 26. 0 27 
LG ee eee See eee eee | 21.0 24.0 26. 0 28. 0 29. 0 31 
lea Meee ee eel eel el (me eee as 26.0 28. 0 30. 0 32.0 34 
BG ree sete eeiccal| Meee oats | cence meee eae 28.0 31.0 33. 0 35. 0 38 
AIM x ceieic esses Wace coe ene ees merce [ee wee aeeeeea 33. 0 35. 0 38. 0 40 
STS Sr 2 severed 2 air eee eee 1 aya er cer ene ears gre | 34.0 37.0 40.0 43 
19 c() tae seed tee ee aa ete ae eel eee oe 36. 0 39. 0 42.0 44 
20 | ime nreen Seen eee | Sere rae | (eae 37.0 40.0 43.0 46 

Table 22 was computed from the form factors for Norway pine. 
The form factor is the ratio between the volume of the tree and that 
of a cylinder with the same total height and diameter at 44 feet from 
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the ground. Trees of the same diameter and height. may vary in 
form and volume considerably. Those trees which most closely ap- 
proach cylindrical form contain the greatest volume and have the 
largest form factors. Old trees, with short crowns and long clear 
boles, which have grown in dense stands, have the fullest form, while 
young, rapidly growing, open-grown trees with short boles and long 
crowns will have the least volume for their diameter and height. 
Yet saplings grown in crowded stands may have a very high form 
factor, as may be seen in Table 23, which gives the factors for Norway 
pine of different heights and diameters and an average form factor for 
all heights on the basis of diameter; 306 trees were measured for this 
table. 

Tasie 23.—form factors of Norway pine, on basis of volume in cubic feet, based on 
diameter and total height in feet. 

Total height of tree (feet). 

Disusier | | | a 
reast- ae | 
high 40 | 50 | 60 | 70 80 90 100 | heights. 

(inches). 

Form factor 

5 0. 567 0. 576 SEBS i See Se es ee erence ea aa uaa 0. 542 
6 553 562 569 OL 5764 Petereem arate eae 1 ee sehen .540 
7 541 549 556 SOG ice ccs sie sae Same BESASaRHeH .538 
8 529 538 544 - 549 O55 Tal eee sa cere .536 
9 519 527 534 . 539 547 O35550 Rees . 534 

10 510 519 527 a582 . 540 548 0. 553 HO3o) 
11 502 511 520 .526 . 534 542 549 . O31 
12 495 505 514 .521 . 530 538 546 . 530 
13 489 499 509 517 . 526 535 543 -529 
Teh eae 495 505 513 523 532 540 .528 
plone tation 491 502 510 521 529 537 527 
Ge | Peer Ne eset eee ees 499 507 Ry ly 526 534 526 
117631 Saaeeaeeecerans Ieee eeesiss Das aa rsa eae 505 .514 523 531 525 
1313 ay eae ae ee cease ae | Pe et ak 503 512 520 529 .524 
LOT ey enrol [eek eee coi aatee | ayeaipee Wee opi) 501 509 .518 527 .523 
DOE eee jhapaieseeaa cpio | Weegee a| ites Se Ne 507 515 524 522 
PAE See aeEe ee Diss sree ot eestor | eee Se LYS ce cp A 504 .513 522 BEY 
DD eee Raye ieie iets | RUE ee earl iso ereletoaleia| oizinizicisisoiatetets 502 oll 520 soul 

| 

Converting factors by which cubic volumes may be expressed in 
equivalent board-feet contents, are shown in Table 24 for trees from 
8 to 20 inches and 80 feet high. This was obtained by dividing the 
values in Table 21. 

TaBLe 24.—Board feet—cubic-foot converting factors for Norway pine trees 80 feet in 

height on basis of diameter. 

| 
Diameter Diameter | | 
breast- Convert- breast- | Convert- 

| high ing factor. high | ing factor. 
(inches). | (inches). | 

8 BES 15 5.0 
9 BH it 16 5.0 

10 4.1 17 5.1 
11 4.4 18 5.2 
12 4.5 19 5.3 
13 4.7 20 Vai 54 
14 4.9 | 
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Column 2 shows that for a tree 10 inches in diameter, breast-high, 
every cubic foot of volume in the tree is equal to 4.1 board feet, as 
determined by the Scribner rule, decimal C. 

This table emphasizes the progressive increase in proportional board- 
foot contents of Norway pine, with increasing size, and the impossi- 
bility of converting cubic contents into board feet by a single multiple 
or ratio; these ratios apply only to the contents expressed by the 
Scribner rule. 

The volume table is made by totaling for each tree the contents 
of logs of different diameters. No two log rules give the same con- 
tents in board feet for the same sized log, nor do they maintain the 
same proportional difference for logs of different sizes. Only by 
knowing the actual diameters of the logs in each tree can its volume 
by a new log rule be ascertained. Standard measurements of trees 
should for this reason be taken at definite intervals on every tree and 
averaged for trees of the same diameter and height. <A table pre- 
pared in this manner, gives the average upper diameters of trees of 
all sizes and serves as a standard from which the volume may be 
found in any log rule or for any other unit of volume. 

In Table 25, the results of 4,559 trees are averaged at points every 
8 feet above an average stump height of 2 feet. An average length 
of 0.3 foot has been allowed on each 16-foot length for trimming. 

TABLE 25.—Dviameter inside bark of Norway pine logs at intervals of 8.15 feet, on the 
basis of diameter, classed by trees of different heights. 

—= i —_—— = 

Merchantable length (feet) including stump height. 

Diameter 

io 10.151] 18.3 | 26.45 | 34.6 | 42.75 | 50.9 | 59.05 | 67.2 | 75.35 | 83.5 91.0 | 99.8 |107.95 
(inches). 

(Diameter inside bark inches). 

20-foot trees. 

i gc rc aes Fy 1 oes ee ears ese ee cas 04 Laem | 
Silip Okout 4 G10 07 Gok Peale ieee esas eee jee ens | Sos 
MAG Sh fe 05 ail Reels 5 lla ele |e oe ee [ieee Po ee Se 
Ecler CH (eae Hest | eaeetanpiee ed ede || ern Ee aeons 
Gal) AR OMe econ cee otal sma | Zane sak eee Weteseeel eae eie 
Thi) FENG |) Bid tye eect] ee Mee ee | ek sal Ae ase Diner 
Sil OOSOe bt abel des, oo eee taal. hoes c| weedace lees aes oeeinas 
OA 7e 5h RSTO eee eee tesla adit |e etme ails a |e 

NOG GShSh|) ORI! ese es |e false ence wears empress ee: 

40-foot trees. 

2) ey elaG) |e ted 1.0 | 
Oil ous eo) | wale Ga 
Aol 3085) 2.0.) 7219 
Sill 424], Se7ab, 258 
6] 4.9] 43| 3.3! 
Tel 2668: |) 9b. 1/9 33.9 
8] 6.7] 5.8|° 4.4 
9| 7.5| 6.5] 48 

LOU Sedu): w7edulee 598 
in Chere (avail emer 
12) 10,1 ') <8..35) +6. 25] 
13°) 110") 9.1 | 16.5 
14] 11.9] 9.7.) 6.9 

1 The stump height is 2 feet. 
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basis of diameter, classed by trees of different heights—Continued. 
TaBLe 25.—Diameter inside bark of Norway pine logs at intervals of 8.15 feet, on the 

Merchantable length (feet) including stump height. 
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1 The stump height is 2 feet. 



40 BULLETIN 139, U. S. DEPARTMENT OF AGRICULTURE. 

TABLE 25.—Diameter inside bark of Norway pine logs at intervals of 8.15 fect, on the 
basis of diameter, classed by trees of different heights—Continued. 

Diameter 
breast- 
high 

(inches). 

Merchantable length (feet) including stump height. 

10.151) 18.3 | 26.45 | 34.6 | 42.75 | 50.9 | 59.05 | (eVP- | beat |fets8it) | 91.65 | 99.8 |107.95 

Diameter inside bark (inches). 

80-foot trees. 
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Wd 6.7 6.4 6.1 Dek 5.3 4.6 Bidula tee. os jae se | i toes serene eee 
8.0 7688) tee 6.9 6.3 5.8 5.0 Bei esc ome a2 loots ees | sees are | eters sees 
8.9 8.3 7.9 45 eal 6.5 55 AON ierctera a Beh] Eats Se lee eens | pecan 
9.7 9.2 8.7 8.2 Tet 7.0 5.9 Ae No ccc Rl oh See eRe oe ol | ahaa |e aa 

10.7 | 10.0 9.5 8.9 Sa8 (FAD 6.4 4263) JaAvn col cake. Sele aoe os eee Sea eee 
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90-foot trees. 
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109-foot trees. 
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1 The stump height is 2 feet. 
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TABLE 25.—Diameter inside bark of Norway pine logs at intervals of 8.15 feet, on the 
basis of diameter, classed by trees of different heights-—-Continued. 

Merchantable length (feet) including stump height 
Diameter : 

eon 10.151 | 18.3 | 26.45 | 34.6 | 42.75 | 50.9 | 59.05 | 67.2 | 75.35 | $3.5 | 91.65 | 99.8 [107.95 

ees) : Diameter inside bark (inches). 

100-foot trees—continued. 

14] 12.6 12.0} 11.5 11.0 10.5 9.9 9.1 8.3 7.0 5.1 DAREN sete bles at 
15 13.5 12.9 12.3 11.7 11.2 10.6 9.7 8.8 WED 5.4 Bi Beet he a aes 
16 | 14.4 URE Ch 13E1 iPS 12.0 11.3 10. 4 9.3 7.8 Dai Ou el lieoe [eee ee 
iWA 1522 14.5 13.8 13-32 Ei: 12.0 11.1 9.8 8.3 6.0 BS yale Ss a a 
18 16.1 15.4 14.6 14.0 |° 13.5 12.7 IDS 7 10. 4 8.7 6.3 Bey Ea I eepecel ley eae 
19 17.0 16.1 15. 4 14.8 14.2 13. 4 11758} 10.9 9.1 6.6 Se Onl eecenys eee 
20 17.9 17.0 16.1 15.5 15.0 14.2 13.0 11.5 9.5 6.9 Shite sees a eee 
21 | 18.8 17.8 16.9 16.3 UBS 7/ 14.9 13.7 12.0 10.0 UEP Oui Pea eee 
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24 PAlE 20. 2 19.3 18.7 18.0 17.1 15.6 ines 11.4 8.2 Baar 2 sy ce [eee 
25 22.3 21.1 20.1 19.5 18.9 17.8 16. 2 14.3 11.9 8.5 AS OY mets es eee 
26 23n5 21.9 20.9 20.3 19.6 18.5 16.9 14.9 12.3 8.8 AI crane taal ORE ea 
27 24.1 22,10. 21.7 21.1 20. 4 19.3 17.6 15.5 12.8 9.2 CEA al peerage bese es 
28 25.0 2355 POS 21.9 OHI al 20.0 18.2 16.0 L353 9.5 DSi | eee eee 
29 25.9 24.3 PBS S} 22.6 21.9 20.7 18.8 16.6 13.7 9.9 DB hee eeccall teeters 
30 26. 7 25.1 | 24.1 2325 22.6 21.3 19.5 17. 2 14,1 10.2 Ob Bama as| (5 cee 
a 27.6 26.0) 24.9 24.1 23.3 22.0 20.1 ye 14.7 10.6 aie | Soe ae eee 
32 28.5 26.7 25.7 25.0 24.1 22.8 20.6 18.2 15.1! 10.8 Se On ew aes eames 
33 29.3 Piet) 26.6 25.8 24.8 23.4 21.3 18.7 P5s5e)= 11s 2 GEO Eee | aoe 
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110-fcot trees. 

12 11.0 10.5 10.0 9.5 9.1 8.5 7.8 7.1 6.3 bisa Onl Debs aes 
13 11.8 1183 10.7 10.2 9.8 9.2 8.5 PBT 6.8 525) 4.0 PyaViiataees 
14 12.7 12.1 11.5 IESE 10.6 10.0 9.3 8.3 1683 6.0; 4.4 PRESS os ae 
15 1B} 12.9 1253 IBA 1153 10.7 9.9 9.0 7.8 6.4 4.7 PEN Beene 
16 14.5 13.7 13st 12.5 12.1 1H ES f5) 10.7 9.6 8.5 GEO bed NY al ia eee 
17 15.3 14.4 13.8 1353. 12.8 12.1 11.3 10. 2 8.9 E38 553 py i ee ee 
18 16.2 15.3 14.6 14.1 13.6 13.0 12.1 10.9 9.6 7.8 Osi Bioielescace 
19 17.1 16.1 15.3 14.7 14.3 13.7 12.7 11.5 10.1 8.2 6.1 BSH) lesesoc 
20 17.9 16.9 16.1 15.6 15.1 14.5 iBE 5) 12.3 10.7 8.7 GE4c lie Orel eenee 
21 18.8 ests 17.0 16.4 15.9 15.1 14.1 12.8 11.2 9.1 6.7 Be) ee ae 
22 19.7 18.6 17.7 17.2 16.7 15.9 14.9 13.6 11.8 9.6 Teak ¢ ad a 
23 20.6 19.4 18.6 18.0 17.5 16.7 15.6 14.2 12.4 10.1 7.4 APSA Eto 
24 21.5 20. 3 19.4 18.8 18.3 17.4 16.3 14.9 13.0 10.6 7.8 44s Sees 
25 22.4 21.1 20. 2 19.5 19.0 18.1 16.9 15.5 13.5 11.0 8.1 4G" Ee 
26: | 23:3 21.9 21.0] 20.4 19.8 18.9 Ei AG Qala 11.6 8.5 Cte Ws 
27 24.2 Dah 21.9 PALS 20. 6 19.7 18. 4 16.8 14.7 12.0 8.8 db eee = 
28 25.1 2350 22.6 22.0 21.4 20.5 19.1 17.5 15.3 2D: 9.2 Oho | eee 
29 26.0 24.5 23.5 DART 2201 21-2: 19.9 18.1 15.9 13.0 9.6 GS eboo ne 
S05 2 26598125.3 24.2] 23.6 oe Opllee 2250, 20. 6 18.8 16.4 13.5 LOSOE eS (aleeweee 
31 27.8 26.1 Dayal 24.4 FAST 22.8 21.3 19.5 17.1 14.0 10. 4 GEOViES esse 
32 28. 7 26.9 25.8 25e 24.5 23.6 2251: 20.1 17.6 14.5 10.7 Gxls|Eeeses 
33 29.7 DST 26.7 26.0 5B) 24.3 22.7 20.8 18.2 15.0 11.1 6.5 ceases 
34 30.6 28.5 21.9 26.8 26.2 25.1 2355 21.4 18.8 15ED) 10156} 626s Bsueee 

: | } | 

120-foot trees. 

; - 
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17 15.3 14.4 13.8 13.1 | 12.6 12.1 11.4 10.5 9.4 8.2 6.5 4.7 2.9 
18 16.2 15.3 14.6 14.0 13.4 12.8 12.1 11.1 10.0 8.6 7.0 5:2 a2 
19 iyeab 16.1 15. 4 14.8 14.3 13.6 12.9 11.9 10.6 9.2 7.6 5.6 355. 
20 18.0 16.9 16.2 15.6 15.0 14.4 1B E7/ 12.6 iB} 9.8 8.1 6.0 3.8 
21 18.9 17.8 17.0 16.4 15.9 52, 14. 4 BER} 12.0 10. 4 8.6 6.4 4.1 
22 19.8 18.7 | 17.8 17.3 16.7 16.0 15s? 14.0 12.6 11.0 9.1 6.8 4.4 
23 20. 7 19.5 | 18.6 18.1 Wieo 16.8 15.9 14.8 iB} 3} 11.6 9.6 Weed 4.7 
24 21.6 20. 4 19. 4 18.9 18. 4 17.6 16.7 15. 4 13.9 12.1 10.1 Tet 4.9 
25 2250) 21.2 20.3 19.7 19. 2 18.5 17.4 16.1 14.6 12.8 10. 7 8.1 bse} 
26 PRS D2AO iP soleel 20.5 20. 0 19.2 18. 2 16.9 Ps 13. 4 if al 8.5 5) 
27 24.3 22.9 21.9 21.3 20.8 20.1 19.0 WAC 15.9 3.9 11.7 8.9 5.8 
28 Zane: Payal 22.8 221 21.6 20.9 19.8 18.3 16.5 14.5 282 9. 2 5.9 
29 26.2 24.6 23.6 23.0 22.5 21.7 20.5 19.1 17.3 15.1 OG 9.7 6.2 
30 Dilek 25.5 24.4 23.8 PAEE) 2285 21.4 19.8 17.9 by 7 1352) | LOE 6.5 
31 28. 0 26.3 25.3 24.6 24.1 23. 4 Doe 20. 6 18.7 16.3 ISEteLOND 6.9 
32 28.9 2. 2 26.1 25.4 24.9 24.1 22.9 21.4 19.3 16.9 1A sell Osean teee 
33 29.8 28. 0 26.9 26.2 25.7 24.9 Daath 22. 2 20.0 id 14.8 | 11.4 7.4 
34 30. 7 28.9 27.8 27.1 26.6 25.8 4.6 22.9 20.7 18. 2 15.3 | 11.8 TAU. 

i | 

1 The stump height is 2 feet. 
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To construct a volume table from the upper diameters or tapers given 
in Table 25, the average top diameter to which trees are utilized must 
be known. In species possessing a regular form this may be a fixed 
limit, as 6 inches, regardless of the size of the tree. But where 
utilization is not close, and tops are heavy, with large limbs, the di- 
ameter limit in the top will increase with the diameter of the tree. 
With this top diameter determined, the taper table will indicate the 
merchantable length for each diameter and height class to the near- 
est 8-foot length: For board feet, adapting a 16-foot log, the up- 
per diameters of each log in the tree enable one to secure the scaled 
contents by the desired log rule. 

The number of standard railroad ties or products of other known 
dimensions may also be found for trees of any size from this table. 
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SOILS OF MASSACHUSETTS AND CONNECTICUT, WiTH 
ESPECIAL REFERENCE TO APPLES AND PEACHES. 

By Henry J. Witper, Scientist in Soil Survey. 

SURFACE FEATURES. 

Southern New England consists of a hilly plateau highest at the 
northwest and lowest along the seashore, the elevation showing a 
general range from less than 50 feet at the shore to 1,800 feet in 

the northwest, with an extreme altitude at Mount Greylock of 3,505 
feet.. ; 

The surface features of this area are locally complex, but it is 
nevertheless naturally divided into three upland blocks and two low- 
land belts. These are, beginning at the west, the Taconic Mountain 
section, with general elevation of 1,200 to 2,800 feet; the Berkshire 
Valley; the Western Plateau, with general elevation ranging from 
sea level on the south to 1,800 feet; the Connecticut Valley; and the 
Eastern Plateau, extending from the Connecticut Basin to the coast 
with general elevation ranging from sea level on the east and south 
to 1,200 feet. 

For convenience in discussing the relation of the soil factor to 
fruit growing, and because of the importance of the elevation factor 
in such study, the Eastern Plateau is further divided on the basis of 
elevation into the Coastal district; the Framingham-Boston low- 
lands; the Eastern and Southeastern Plateau, with general elevation 
of 200 to 700 feet; and the Eastern Highlands, with general elevation 
of 700 to 1,200 feet, the lower part of this section being superseded 
on the south by an extension of the Southeastern Plateau. Figure 1 
shows the extent and relations of these several divisions. 

THE COASTAL DISTRICT. 

The Coastal Plain of the eastern United States does not extend 

northward, in typical development at least, to southern New England. 
The country from Plymouth-New Bedford eastward and northward, 

55570°—Bull. 140 —15——1 
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with its absence of rock outcrops and the predominance of sandy 
soils, is a near approach to it. East of a line drawn from the 
northeast corner of Rhode Island to Blue Hill the country is in ele- 
vation above the sea level and in relation to higher land westward 
similar to the Coastal Plain. The main body of this southeastern 
section is marked here and there by low hills and isolated ridges, 
giving it a gently rolling appearance, though in places it is almost 
plainlike. In general the topography east of this line consists of 
broad, low, rounded hills and ridges, with intervening smooth or 
faintly dissected plains. West of this line the hills and ridges are 
sharper, higher, and more thickly set on the landscape, while the 

smooth plains become narrower. East of it the plains are the pre- 
dominant topographic feature. West of it the hills are predominant. 
The change, however, is gradual rather than abrupt, and the divid- 
ing line described above is only approximate. 
The Framingham-Boston district includes an area topographi- 

cally intermediate between the two areas described above, in which 
there are numerous low but steep hills and ridges standing in broad, 
smooth plains, a considerable part of which is swampy. This is a 
local district, which extends for a short distance into the more ex- 

tensive Eastern Plateau, and west of Waltham it consists of a rela- 
tively narrow belt lying to the west of the Wellesley Hills. 

THE EASTERN PLATEAU. 

The boundaries of the Eastern Plateau are shown on the sketch 
map, figure 1, and need no further description here. The eastern 
boundary is so placed because of the much higher general altitude 
of the Highland district which les to the west in Massachusetts 
and to the west and north in Connecticut. This district thus in- 
cludes all the southeastern part of the latter State, in which it con- 
stitutes the largest topographic division. The elevation boundaries 
may be easily traced by the contour lines of the United States Geo- 
logical Survey topographic sheets. The width of this section in 
Massachusetts is about 35 miles at the center of the State, but on a 
line with Cape Ann it is much more. The elevation of the principal 
hills along the east boundary of this region may be approximated 
as 200 feet, and along the western boundary as something above 600 
feet, with isolated points about 700 feet. In Connecticut this district 
includes approximately the southeastern third of the State, including 
all of New London County and the greater part of Windham and 
Middlesex Counties. 

Were all the valleys and depressions filled to the average height of 
the adjacent hills, there would result a high plain, sloping from the 
boundary of the eastern highland toward the sea. Some of the 
highest elevations, however, would rise above such plain, thus pro- 
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ducing a gently rolling surface. Dissection of this plateau through 
a long period of time has been so pronounced that the existing sur- 
face is extremely irregular. It is a succession of much worn-down 
knobs and hills, with narrow intervening valleys. The hills are 
multiformed. Some are steep, and others not only steep but small, 
thus rendering cultivation expensive. Others, however, are dome- 
shaped, or at least sufficiently regular and smooth to afford many 
good farming areas and sites for orchards.t_ The higher parts con- 
sist of isolated hills or chains of hills, with much less definite direc- 

tion than those of the Highland section adjoining on the west, 
where the trend ranges from north and south to northeast and 
southwest, as in all of both States farther west. The dome-shaped 
hills that frequently characterize this section are much more rare in 
the Western Plateau. The northern part of the Eastern Plateau 
is drained by the Merrimac River, of which the two principal 
branches are the Concord and the Nashua Rivers. Much of the 
Concord River basin is drained by its two important branches, the 
Sudbury and the Assabet Rivers. The southern part of the region 
is drained by the Charles, the Blackstone, and the French Rivers. 

THE EASTERN HIGHLAND. 

The Eastern Highland extends from the Eastern Plateau to the 
Connecticut Valley Basin. Its general slope is southerly, and the 
general range in elevation, barring exceptionally low and exception- 
ally high points, is from 700 to 1,200 feet. The high hills are some- 
what broader in the northern part than in the southern, a fact which 
undoubtedly led in colonial days to the establishment of villages on 
several of these elevations ranging in altitude from 1,000 to 1,200 
feet. Some of the villages in such locations are Shutesbury, Wendell, 
New Salem, Prescott, Pelham, Petersham, Phillipston, Templeton, 
Rutland, Oakham, New Braintree, Wilmington, Mansfield, Gilead, 
and Winchester. 

The drainage of the Eastern Highland is mostly to the west and 
to the southwest. In the northern part Millers River rises in the 
vicinity of Gardner, flows due west, and enters the Connecticut near 
Millers Falls. In the central part the Swift, the Ware, and the 
Quabaug Rivers have their sources. These streams flow together at 
the town of Three Rivers, forming the Chicopee River, which enters 
the Connecticut at Chicopee. The extreme southeastern part of the 

1The apple census of Massachusetts prepared by the State board of agriculture for the 

year 1905 shows the highest producing areas to be in those sections where this dome- 

shaped topography is most characteristic. This is an adaptation to conditions of topog- 

raphy and soil that had gradually come to be apparent, as the deepest and most pro- 

ductive soils of each section in southern New England are usually located in this favor- 

able topographic position. Erosion also is not serious and tillage is relatively economical. 
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highland is drained by the headwaters of the Quinebaug River, which 
flows south into the State of Connecticut. 

The general upland surface of this division is strikingly inter- 
rupted in its northern part by three prominent isolated mountains— 
Mount Watatic, Mount Grace, and Mount Wachusett—1,847, 1,628, 
and 2,108 feet in elevation, respectively. 

THE CONNECTICUT VALLEY BASIN. 

The Connecticut Valley region consists of a broad basin, which 
succeeds the Eastern Highland on the west and crosses both States 
from north to south. Approximately along its axial line lies the 
Connecticut Valley, a shallow, flat-bottomed trough, from less than 
1 to more than 3 miles in width, through which meanders the river 
of the same name. The distance from the river due east to Boston 
is approximately 100 miles, and from the river due west to the New 
York line about 50 miles. The topography of the basin is generally 
smooth, becoming rolling locally, and is traversed by narrow but 
rugged ridges. It is a region of good soils and well-developed agri- 
culture. The eastern boundary slope of the basin is more nearly a 
wall than a slope. The western slope is much more gradual than the 

eastern. It soon merges into the Western Highland section, which 
forms a broad, dissected plateau with easterly slope. In Connecti- 
cut the valley is wider than in Massachusetts, being one-sixth the 
width of the State at North Haven and north of Hartford one-fourth 
the width of the State. Beginning south of Northampton, Mass., 
is a series of sharp ridges traversing the valley and dividing it into an 
eastern and a western area, the former being the broader in the 
northern and central parts of the State of Connecticut, while the 
western arm is the broader in the southern part of the State. The 
latter is known as the Farmington-Southington Valley. Aside from 
the ridges, both arms of the valley are smooth to undulating; rarely 
can any portions be called hilly. 

THE WESTERN HIGHLANDS. 

The crest of this plateau, which lies along its western boundary, 
is marked by the Hoosic Range, which reaches a height of more than 
2,800 feet, and from which all drainage easterly goes to the Connecti- 
cut River. This lofty plateau corresponds to the highlands of New 
York and New Jersey, to the Reading Hills and South Mountain in 
Pennsylvania (the latter name continuing through Maryland), and 
to the Blue Ridge of Virginia and North Carolina. Extending into 
Vermont it becomes more mountainous than in Massachusetts, and 

soon merges into the Green Mountain Range, which reaches a maxi- 

mum height of 4,364 feet. On the west the Hoosic Range descends 
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almost abruptly to the deep, narrow Berkshire Valley, but on the 
east it drops a little less steeply to the plateau into which it merges. 
On the south the Hoosic Mountain becomes less well defined south 

of the incision by the Westfield River, and in northern Connecticut 
breaks up into a local group of hills. 

The surface of the western plateau shows a wide range of varia- 
tion. There are, however; many localities with areas of smooth to 
rolling country. These occur on the watershed ridges and along the 
eastern foot slope of the Hoosic Range, where the streams are yet 
too small to have cut deep into the plateau. In many cases they form 
covelike basins in the eastern side of the ridge. Around the heads 
of many of the small ravines within the plateau, before their streams 
have cut their way deep into it, there are broad basins of thickly 
accumulated drift which are usually occupied as farms. 

One of the largest areas of smooth, undissected land at high- 
plateau level lies in parts of the towns of Hawley, Plainfield, and 
Cummington. The farm lands of the western plateau occur on the 
high-plateau top, in valley-head basins below the top, in valley bot- 
toms, and on lower-valley slopes. In the eastern plateau it is mainly 
on the dome-shaped hills and rounded smooth ridges. 

THE BERKSHIRE VALLEY. 

The Berkshire Valley forms a link in the chain of great limestone 
valleys stretching across the United States from Canada to Alabama. 
At North Adams this valley is about 10 miles, at Pittsfield 7 miles, 
and at Great Barrington 5 miles from the New York line. Its sur- 
face is rolling to hilly, much more so than the unglaciated limestone 
valleys forming other links in the chain, and in marked contrast to 
the comparatively level topography of the Connecticut Valley. The 
southern two-thirds of this valley is drained by the Housatonic 
River and the northern third by the Hoosac River. 
The Berkshire Valley from the Vermont line to Williamstown is 

usually less than a mile in width. South of Williamstown it divides, 
the Green River arm being narrow soon crosses the State line into 
New York, reentering the main valley near Pittsfield. From Wil- 
liamstown east to Braytonville the eastern arm is well developed, 
but at the latter point it narrows rapidly and is nearly closed by 
Bald Mountain and Ragged Mountain, north of North Adams. 
From the latter point south to Adams the valley is deep and narrow, 
rarely exceeding a half mile, and much of that is talus slope. 
Thence south to Cheshire Harbor the valley is almost V-shaped, but 
it then broadens toward Cheshire until the local reservoir occupies 
its bottom as far south as Pontoosuc Lake. Thence to Shaker Village 
and Pittsfield the valley is several miles wide, and at the former 
village a spur valley extends southwest to the State line. From 
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Pittsfield to Stockbridge the main valley is 1 to 2 miles wide, but it 
then is closed in by mountains. Near Great Barrington and the 
Egremonts it is again 5 miles wide. Narrowing at Sheffield to 3 
miles it again broadens to 6 miles at the State line, narrowing again 
a few miles to the south. Across the western end of Connecticut it is 
broken into a number of small isolated areas. 

THE TACONIC MOUNTAIN GROUP. 

West of the Hoosac Valley lies a thick local mountainous group 
with general elevation above 2,000 feet, known as the Taconic Moun- 

tains. These mountains are parallel to the Housatonic Valley 
and form its western boundary. They lie partly in Massachusetts 
and partly in the State of New York. Their steep slopes afford little 
good farming land. Their highest point in Massachusetts is ap- 
proximately 2,800 feet. Geologically these mountains and the lower 
region west to the Catskills correspond to the broad band of shales, 
which give rise to the Berks soils of Pennsylvania, where they adjoin 

on the north the Lehigh, Lebanon, and Cumberland Valleys. 
The highest mountain in southern New England, Mount Greylock, 

with elevation of 3,505 feet, lies between the two branches of the 
Berkshire Valley, southeast of Williamstown, Mass. 

The general surface of the Western and Eastern Highlands and of 
the Southeastern Plateau is very irregular, yet the upland skyline is 
approximately even. The surface of this sloping region passes be- 
neath the sea along the existing shore line with no sudden descent. 
The coast line merely marks the points of zero elevation along this 
tilted surface. The rise is gradual to a maximum of 2,000 feet in the 
northwest corner of Massachusetts. 

THE SOIL MATERIAL. 

The soil material found in southern New England is called glacial 
material by geologists, meaning that it was placed where it now lies 
by deposition from a former ice sheet. It was removed a short dis- 
tance, however, and to all intents and purposes it is the product of 
the weathering, breaking up, and more or less grinding up of the 
rocks which occur in the region and constitute its foundation. 

These consist, with the exception of the rocks in the Connecticut 
Valley, of ancient crystalline rocks, such as gneisses, schists, slates, 
and various igneous rocks. They are, so far as the soil material 
is concerned and considered in a broad way, essentially uniform 
over the whole State. In the Connecticut Valley the rocks consist 
of soft sandstones and shales with a few bands of hard igneous 
rocks which form the ridges already referred to. 

The Cape Cod region differs from the rest of the region in that 
the existing land and its elevation is not due to a solid rock founda- 
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tion with a thin coating of soil material, but consists of an accumu- 
lation of unconsolidated rock material in which the rock founda- 
tion lies deep, seemingly below the level of the sea. It is in this 
respect similar to Long Island and to a certain extent to the Coastal 
Plain. 

Southern New England has passed through a long history in 
reaching its present condition. It is unnecessary to recount even 
the broad phases of that history, since it can be obtained in any good 
geological description of the region. A late and the most important 
stage in that history, so far as the soils of the region are concerned, 
was the invasion of the region by the glaciers of the glacial period. 
This changed the details of surface relief, thoroughly mixed and 
rearranged and redistributed the preexisting coating of soil and 
soil material, making the formation of a new soil necessary. The 
existing soils, therefore, are the product of soil-making agencies that 
have been in operation since the glacial period and are therefore 
young. 

The ice reshaped the details of the topography by rounding off 
sharp corners and filling basins with deposits. Although part of 
the country is ‘mountainous it has been rounded so that most of it 
is easily accessible. 
_The ice modified the layer of soil material in several ways: 
(1) It removed a coating that was due to weathering and there- 

fore approximately uniform in thickness, and left one that is prac- 
tically absent in some places and of great thickness in others. 

(2) It left a layer of soil material usually mixed with stone 
fragments. 

(3) Owing to the great amount of water that was released from 
the ice during the melting period many belts and areas were built 
up into flat plains by the deposition of gravel and sand. These lie 
in the low belts and their proportional area increases progressively 
eastward from the Connecticut Valley. 

(4) In some areas a very irregular and a very stony deposit was 
made in which the irregularities are small, giving a rough, bumpy, 
topography. ‘These areas are usually very stony and almost worth- 
less for agriculture. 
We have, therefore— 

(1) The smooth, moderately stony surfaces that may be level, 
moderately steep, or rolling. The soils consist of loams, clay loams, 
and sands. , 

(2) Level, sandy, and gravelly areas. 
(3) Bumpy stony gravelly or sandy areas. 
(4) Very steep areas and rocky areas. 
The agriculture of New England is mainly on No. 1. 
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CLIMATE. 

The climate of southern New England is rigorous, but the seasons 

are of sufficient length for the securing of good crops, and seem 
especially favorable for a long list of varieties of apples. It is 
essential, of course, with all field crops, to select varieties that will 
mature in the prevailing length of season, but the yields obtained 
clearly demonstrate that this is no handicap. In fact, the range of 
crop varieties available is distinctly favorable. This is undoubtedly 
due in part to the long-continued line of horticulturists and seedsmen 
in the region who have been interested in varietal development, but 
the fact that the climate is suitable for a wide range of varieties, 
especially of horticultural varieties, is unquestionable. This is evi- 
denced by the fact that 134 varieties have been listed by the United 
States Department of Agriculture * as having originated in Massachu- 
setts. Prof. Beach, in ‘“ The Apples of New York,” mentions 27 of 
these varieties, of which the following 5 may be termed commercial: 
Baldwin, Hubbardston, Roxbury, Sutton, and Williams. Connecti- 
cut is credited with 88 varieties,! of which one, the Twenty-ounce, is 
in the commercial list. It may be added for the sake of comparison 
that New York is credited with a far greater number, 176 varieties, 
but of these only 6 are commercial, viz: Fall Pippin, Jonathan, 
Yellow Newtown, Northern Spy, Tompkins King, and Wagener. 
Rhode Island is credited with only 9 varieties, but two of these are 
commercial—the Rhode Island Greening and the Tolman Sweet. A 
number of secondary varieties have also originated in most of these 
States, some of almost commercial importance and other highly 
desirable for family use. 

To the peach growers of Connecticut the climatic conditions 
within that State are of much importance. No section is free from 
frost injury or occasional winter injuring due to low temperatures, 
but accumulated experience has led to the establishment of most 
of the commercial peach orchards along the lateral slopes of the Cen- 
tral Lowland belt or on local elevations within it. In the southern 
part of the State also, at elevations below 600 feet, occasional com- 
mercial orchards give excellent results, but the largest of these have 
been established by men of experience on good local elevations at 
least a few miles back from the shore. The loss of fruit from 
strong onshore winds seems to account for the last precaution. 
In the northeastern part of the State, at medium to higher ele- 
vations, peaches are grown with moderate financial sutcess, but 
the average climatic risk is a little greater; only the occasional 
man engages in it, and even then usually as a money crop rather 
than as a main business. There is a general feeling, too, that the 
soils are somewhat less favorable for peaches than in the Central 

1 Bul. 56, Bureau of Plant Industry, U. 8. Dept. of Agr. 
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Lowland district. In Massachusetts, however, in southeastern Wor- 
cester, southwestern Middlesex, and western Norfolk Counties, good 
results have been secured. In the northern two-thirds of the Western 
Highlands the climate is generally considered too severe for com- 
mercial peach orcharding, though scattering orchards are more or 
less successful. Isotherms of the weather maps indicate within rough 
limits the peach-growing sections and the nonpeach-growing sections 
as already outlined. But if weather conditions had been the only 
determining factor in the location of the peach industry, the orchards 
of the State would not have been distributed as they now are. In 
general the slopes along the west side of the Central basin have 
much fewer peach orchards than the slopes along the eastern side, 
and although there are very few orchards in the latter position be- 
tween Hartford, Conn., and the Massachusetts line, an important 
development occurs just north of the State boundary in the Wil- 
braham district. 

The development of peach orcharding has already proved that 
climatic conditions favoring the business obtain in considerable 
areas of the State, and that only a small percentage of such areas 
have been developed. It is true, of course, that only a small part of 
the soils of such climatic areas are the most desirable, but such tracts 
readily may be selected, and they include many mndercloped local 
areas of good peach soils. 

Barring low-lying areas the climatic conditions of the whole State 
are well suited to apple growing, though the character of the fruit 
varies with the kind of soil and not improbably to some extent 
with the range in climate—i. e., a Baldwin grown on a certain soil 
1,000 feet above sea level in the northwest part of the State matures a 
little later’ and it seems reasonable to suppose that it may possess a 
little better keeping qualities than one grown 40 miles farther south 
on the same character of soil at an elevation of 500 feet; and while 

this point is generally conceded by growers, it would be of greater 
value if supported by experimental data to measure as nearly as may 
be the amount of this difference. 

SOILS OF SOUTHERN NEW ENGLAND. 

The soil materials of southern New England, the rocks from which 
they have been derived, and the glacial processes by which they were 
accumulated in their present positions have been described. These 
are factors of great importance in determining the character of 
the soil, but they are not the exclusive ones. The most important 
additional factors are drainage, chemical change, and the accumula- 
tion of vegetable matter. These latter are equally as important in 
determining the productive power of the soil as are the former. 
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Since this report is not primarily a soil-survey report, the details 
of location and character of the different soils can not be given; but 
the main soil groups of southern New England are relatively simple, 
though the details are complex. Soil groups are given a name, the 
members in the group constituting what is technically called a soil 
series. A soil series includes all soils with the same origin, color, 
character of subsoil, and all other characteristics except texture, or 
the coarseness or fineness of the soil par ticles. 

The most widely distributed soil series in southern New England 
has been named the Gloucester series. It is typically brown in color, 
grading toward a yellowish color on the one hand and a light-brown 
color on the other. The subsoil is typically yellowish brown in color 
and usually as heavy or heavier than the soil, In the heavier mem- 
bers of the series in the lower subsoil, from about 24 to 36 inches and 
deeper, the color sometimes changes to a drab or bluish color. The 
soils of the series are well drained and aerated, uniformly oxidized, 
and when they occur on smooth areas and have a fair to good supply 
of vegetable matter are productive. They are derived from the crys- 
talline rocks of the region, and the material was accumulated by depo- 
sition from the ice of the glacial period. They occur on the rolling 
and hilly uplands of the region. They are usually stony, but do not 
have gravel or sand subsoils except possibly in rare cases. Their 
water-holding capacity is normally good. Occasionally the clay sub- 
soil is rather compact, resembling a hardpan, but true chemical hard- 
pans are practically unknown. The most prevalent members of the 
Gloucester series are the loam and the sandy loams, though the sand 
is not absent. These various members may occur in any part of the 
region, but the sandier members are more prevalent just east of the 
Connecticut Valley basin than elsewhere. 

The most important and permanent agriculture in southern New 
England, aside from the Connecticut Valley basin and the market- 
garden areas around the large cities, has developed on the Gloucester 
soils, and in both States they are the leading apple soils. 

The Bernardston soils are an upland series closely associated with 
the Gloucester soils. They are gray to bluish gray in the soil and 
subsoil. The dark color is due largely to the presence of small par- 
ticles of the dark-gray slate from which the soils are derived. They 
are usually heavier than the other series as a whole. Grasses both 
for hay and pasture do well on these soils. They occur in a number 
of places in the western part of the region, the type locality being 

near the village of Bernardston, Mass. 
The Whitman soils are dark gray to black in color, with gray to 

yellowish mottled subsoils. They occur in depressions or on flat 
areas where natural drainage is not good, the mottled subsoil being 
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due to this. They are derived from the same rocks and by the 
same processes as the Gloucester soils, but differ from them in drain- 
age and aeration. These soils are more prevalent in eastern Massa- 
chusetts than elsewhere. If drained, they would be of value for 

grass, corn, and some of the late truck crops, but they are not suit- 

able for the tree fruits. 
A group of soils, seemingly with restricted distribution and which 

has not yet been officially named, but which will be described here 
as the Essex series, includes soils that are dark brown to nearly black 
in the soil, with yellow to light-brown subsoils. They seem to lie 
intermediate between the Gloucester and Whitman. They are better 
drained and at present more productive than the Whitman. 

The Merrimac soils are brown to yellowish brown, with yellowish- 
brown subsoils. They occur on flat surfaces and are due to the depo- 
sition of material from running water. They consist, therefore, of 
assorted material, often have porous gravelly or sandy subsoils, and 
are on that account deficient in moisture-holding capacity. Where 
the gravel bed is several feet below the surface they are not 
droughty. They occur most frequently and in larger areas east of 
the Connecticut River. They are the prevailing soils in the flat 
sandy and gravelly lowland belts and in the flat areas in the eastern 
and southeastern part of Massachusetts. They are not so preva- 
lent in Connecticut as in Massachusetts, though they are found along 
most of the streams. They are not subject to overflow. The heavier 
members are productive soils, except those with very gravelly sub- 
soils near the surface. They are usually free from stones, but are 
nearly always gravelly. 

The Wethersfield soils are the predominant soils of the Connecticut 
Valley basin and the Pomperaug Valley, aside from the soils of the 
river and creek bottom lands. The soils of the sandy members are 
gray or yellowish gray, often with a slight salmon tinge. The sur- 
face soils of the heavier members of the series range from pale to 
deep salmon color. The subsoils are salmon, red, or yellowish red in 
color. They are all, except the sands, good soils, naturally produc- 
tive. The region of their occurrence is well developed agriculturally. 

The Middlefield series includes the glaciated Triassic sandstone 
and shale soils which are characteristically yellow or gray at the 
surface. The subsoils are usually yellow. The series is derived from 
the same geological formation as the Wethersfield formation with 
which it is closely associated, though the color contrast is strong. 
Tn places the soils are complexly intermixed. 

There is another group of soils occurring on the trap ridges which 
have been derived from ironstone (diabase). They occur typically 
on Talcott Mountain and associated trap ridges. They are impor- 
tant fruit soils and for convenience in this report are referred to 
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provisionally as the Talcott series. These soils have a rusty brown- 
ish-red surface with dull reddish subsoils, their structure differing 
markedly from that of the Gloucester soils, though they resemble 
somewhat the Mont Alto soils of Pennsylvania, which are also de- 
rived from ironstone. Loams and silt loams are the principal types. 
The ironstones consist of a series of concentric rings which not 
infrequently are so decayed that several layers may be peeled off 
readily with the fingers. These Connecticut ironstones are only 
now and then as red as those giving rise to the Mont Alto series, 
but grade from a very dull red to a rusty blue. The subsoil is 
usually lighter than the surface soil, but its definite structure makes 
the material at first seem stiff, though it crumbles readily in the 
hand. 

The Dover soils occur only in the Berkshire Valley and its exten- 
sion southward into Connecticut. They contain a considerable 
amount of limestone material in their compositign, and are naturally 
productive where drainage is sufficient, but they are not as desirable 
for orcharding as the best Gloucester soils. 

The alluvial soils are small in area except in the Connecticut Val- 
ley. Where associated with and derived from the Wethersfield soils 
they are called Hartford soils, and where derived from the upland 
soil materials they are called Ondawa soils. Where well drained 
they are productive. 

It is evident from this enumeration of the principal soils of south- 
ern New England and their characteristics that they are not pre- 
dominantly sterile soils, but, on the other hand, the soils themselves 
are as a whole at least moderately productive. Through the pro- 
cesses of their formation they are usually stony, a considerable part 
of the area has a rough surface, and on account of the geographic 
position of the region the staple grain crops and the crops adapted 
to a long growing season and a hot climate do not grow as well as 
in some other parts of the country. Where the land has been cleared 
of stones so that it can be cultivated, where the topography is smooth 
enough for cultivation. and where crops adapted to the soils, climate, 
and other conditions of the region are planted. satisfactory yields 
are obtained. The poorest soils for most crops are the very light 
ones, such as the sands and gravel soils. These do not constitute 
the predominant soils of the region. They probably have the small- 
est acreage of any of the soils. Sandy and gravelly soils are com- 
mon. but they are for the most part the sandy and gravelly loams. 

SOILS OF THE DIFFERENT SECTIONS OF THE STATES. 

THE SOUTHEASTERN SECTION OF MASSACHUSETTS. 

The general elevation of Cape Cod above sea level is from 10 to 
100 feet, though west of Barnstable, toward Bourne, hills 200 feet 
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high are not uncommon. Level areas of appreciable size are few. 
The position of the Cape in midocean, as it were, exposes her farms, 

especially north of the elbow, to strong winds which have caught up 
the sandy soil and blown it in swirls here and there, thus forming 
a succession of low hills, knolls, and hollows. Both elevations and 
depressions are small in area; hence the surface of the Cape, espe- 
cially east of Barnstable, is hilly, notwithstanding the slight eleva- 
tion above the sea. 
Many of the hilltops are not covered with vegetation, and on them 

sand-carrying winds make impracticable the growth of any except 
the hardiest plants, shrubs, or trees. It is in the hollows and on 
protected hillsides that the crops are grown, and there also the farm 
buildings are usually located. For this reason a casual glance over 
the region reveals only a small part of the gardening and farming 
operations. 

The soils of the hollows and protected slopes have not had the 
finer particles blown from the surface by the winds, and the accu- 
mulation of humus from decaying plant growth has left them gener- 
ally productive, yet their small size and limited production, together 
with lack of transportation facilities or high carrying charges, have 
prevented any considerable development of farming interests to com- 
pete in general markets. The very important fisheries have consti- 
tuted, moreover, the principal industry. Hence the chief agricultu- 

ral problem has been to maintain a home, to grow all sorts of garden 
and farm crops for family use, and to grow feed for the necessary 
horses and neat stock. This is a very legitimate and proper develop- 
ment of the opportunities, in that home supplhes have been produced, 
while a main industry (fishing) has been specialized.. 

The attractiveness of the Cape as a place of summer residence has 
brought there a large population during the warm weather. This 
has created a large and growing demand for garden produce, summer 

fruits, dressed poultry, eggs, etc., much of which is shipped to the 
Cape from the Boston markets. 

On the best of the soils located as described above, namely, in 
the hollows and on protected slopes, there are many excel- 

lent opportunities to grow garden crops, small fruits, plums, 
peaches, summer apples, etc. The best soil types available for this 
purpose are fine sand and loamy fine sand, principally, though occa- 
sional areas of the fine sandy loam occur. Areas of compact medium 

sand can be used for early-season garden crops, and even the coarse 
sands bring remunerative return where so managed as to provide 
a good supply of humus. In wet seasons strawberries and the cane 

fruits also do well, but in dry seasons the fruit is too small, and by 
midsummer there is liable to be insufficient moisture to maintain a 
good growth of plants, thus weakening their vitality. The latter 
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feature not infrequently is serious enough to lessen greatly the crop 
of fruit the following season. This is especially true on medium to 
coarse sands and sandy loams of loose structure.. Of these some 
areas are made even more porous by the presence of fine gravel, 
which is likewise found to some extent with the finer grades of sand 
and sandy loam. Stony areas occur, but they are generally small in 
extent. 

Hay for home use is cut principally from the marshes, of which 
some are salt and others fresh. From the latter the best hay is se- 
cured, while salt marsh overflowed intermittently yields a medium 
crop, and land daily overflowed the poorest crop. 

West of Barnstable there are appreciable areas of soils somewhat 
heavier than those previously described. Light sandy loams, light 
loams, and even light silty loams are sometimes found. The subsoil 
of the uplands is principally stony fine sand, stony sand, or stony 
fine sandy loam. There are many areas, too, of light sandy surface 
soils compared to those nearer the point. Gravelly sandy soils also 
occur, but at the present time these are little used for farming. 

Thus it is seen that few of the soils of the Cape are drought re- 
sistant and crops frequently suffer for lack of moisture. So char- 
acteristic is this tendency that every possible means should be 
used to conserve moisture. This necessitates not only a large sup- 
ply of humus, but also very frequent cultivation. The last is now 
given by the best farmers, some of whom plan to give surface tillage 
at least weekly. Humus burns out of these soils rapidly, but not- 
withstanding this characteristic, a good supply must be maintained 
if good yields of the various crops are to be secured. Since little 
stock is kept the small quantities of stable manure available must be 

supplemented by the use of cover crops—that is, the greater part of 
the necessary humus must be grown. Red clover succeeds, likewise 
Canada field peas. Other legumes have not been tried to any ex- 
tent, and it is not strange that the few spasmodic attempts with 
alfalfa in most cases have failed. Rarely has the land been brought 
to a condition of sufficient productiveness before sowing the seed to 
attain success with this crop. The vetches are promising and should 
be thoroughly tried. It is also worth while to test the early matur- 
ing varieties of cowpeas, such as the Whippoorwill and New Era, 
though these are doubtless less dependable in this climate than 
Canada field peas. 

Scattered about the Cape are many low-lying areas upon which 
the great cranberry industry has been developed. No attempt was 
made to examine in a comprehensive way the soils of these bogs, 
but they are evidently miscellaneous in character, though probably 
more uniform in the large bogs than in the small ones. While this 
variation may have been brought about in part, or at least have been 
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accentuated in some measure by the sanding of the bogs, their virgin 
condition must have shown wide range in the proportion of muck 
and sand of which they are largely composed. In fact the countless 
areas that have never been improved leave no room for doubt on 
this point. The assorting of the fine gravels and the sands as shown 
from the rim of some of the bogs toward the center marks the range 
of local sedimentation and in-wash. The surface soil of one bog 
examined is a light muck mixed with a great deal of sand, there being 
enough of the latter to constitute in some places a mucky sandy loam 
rather than a sandy muck. The subsoil is extremely variable, often 
differing widely in borings only 3 feet apart. Only in spots is the 
subsoil a black clay loam, and in most places the soil auger 3 feet 
long may be thrust down full length with little or no turning. A 
blue clay is said to lie underneath, but in the borings taken none hap- 
pened to be encountered within 3 feet of the surface. The soil is 
well drained to a depth of at least 2 feet. The most serious feature 
is an intermittent layer of water-washed sand from 6 to 12 inches 

thick which is found in places at 2 to 10 inches beneath the surface. 
Not infrequently some peat is found in the lower subsoil. Many 
of these bogs not utilized at present for cranberries would produce 
timothy to advantage. In others onions might well be grown by 
installing drains. To mix thoroughly the different soil materials, 

subsoiling and deep preparation tillage should precede such cropping 
wherever the sands occur in beds. Otherwise shallow-rooted crops 
would be liable to drought injury. 

In the southern half of Plymouth and Bristol Counties the to- 
pography, the soils, and the crop use of the latter closely resemble 
the conditions in northwest Barnstable County already described. 
The lowland areas constitute very important cranberry lands. The 
acreage of this crop could be increased, but it should be realized that 
competition with other producing districts, such as New Jersey and 
Wisconsin, is likely to become more keen than at present. 

The soils of northern Plymouth, northern Bristol, and eastern 
Norfolk Counties differ from those of the southern half of the former 
counties principally in having a smaller percentage of sandy types of 
soil and in having a greater proportion of their area above the 100- 
foot contour. An important part of this section, however, includ- 
ing that occupied by the Eastons, the Bridgewaters, Whitman, and 
Brockton, approximates only 100 feet in elevation, and almost the 
whole section lies between 100 and 200 feet above sea level. The 
local hills, except where the soil is unfavorable, are suitable for or- 
charding. The surface soils include loams, sandy loams, and sands 
of various depths, with subsoils of sandy loams and sands. The 
color of the surface soil is brown to yellow, while the latter color 
is almost universal in the subsoil. The subsoils of loamy types are 
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typically lighter than the surface soil, a characteristic which very 
often obtains in Massachusetts, especially in the eastern part. Gravel 
is not infrequently encountered, especially in the subsoils. Its quan- 
tity is sufficient in places to prevent boring very far beneath the sur- 
face, but in no place examined was it sufficiently compact to constitute 
a true hardpan, though it is often so designated in local parlance. 

The lowlands of the Bridgewater-Brockton district often consist 
of heavy loams with retentive subsoil, and on such soils much of the 
farming has been done, especially that of milk and hay. Many of 
these lowland fields should be artificially drained. In a few cases 
this has been done, but there is great opportunity for an increase of 
the areas so improved. Such drainage would unquestionably pay 
where the land is not so rocky and stony as to increase to an un- 
warranted degree the cost of ditching. These soils are good for hay 
production, and the nearness to Boston markets and the low cost of 
carrying city manure back to the fields suggest a desirable use for 
these soils. 

PLATEAU DISTRICT OF EASTERN MASSACHUSETTS AND SOUTHEASTERN CON- 

NECTICUT. 

Topographically, this district also includes much of Rhode Island, 
but the field work of this report did not include the soils of that 
State. 

The average of the soils of this district in Massachusetts is some- 
what more gravelly, sandy, and porous in the southeastern than in the 
southwestern part. In Connecticut the fine sandy loam is probably 
the predominating texture, most of the loam areas of Pomfret and 
Woodstock being in the Highland district. As detailed descriptions 
of the soils of this district may be seen in the detailed soil surveys 
of Windham County and New London County, they are not in- 
cluded here. 

In Massachusetts the Blackstone River rises not far west of the 
city of Worcester and flows southeasterly to the corner of Worcester 
County. The Blackstone Valley is narrow and not particularly 
pronounced locally because of the broken surface features, but it is, 
nevertheless, a definite feature of the regional topography. The 
land is often stony and some of the lower areas along the stream are 
wet, so that much of the land is not farmed. There are some high 
terraces, however, as at North Uxbridge, where the surface soil of 
one considerable tract consists of open-structured fine sandy loam and 
light loam, with a few spots of fine sand. The subsoils in the same 
order are medium sandy loam, heavy sandy loam, and sand. These 
also are open structured, but as a rule not very leachy. 

East of the Blackstone Valley in the Mendon section and extending 
thence north to Grafton, Hopkinton, and Sherborn, the land surface 
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Bul. 140, U. S. Dept. of Agriculture. PLATE II. 

Fia. 1.—MODERATELY EFFECTIVE SOD MULCH ON GLOUCESTER LOAM. 

[The mulch should be a little heavier.] 

Fic. 2.—CUTTING DOWN FILLER PEACH TREES IN 5-YEAR ORCHARD OF APPLE STANDARDS. 

[An unusual example of ability to carry out a purpose. Wallingford, Conn.] 
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APPLES A SUCCESSFUL MONEY CROP ON A DAIRY FARM IN THE BERKSHIRE HILLS, AT 1,000 Feet ELEVATION. 

[Baldwin, 18 years old, on Gloucester loam. Crop rotation practiced in corn one 
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is quite rolling, though the hills are not very high. Many of the hills 
are dome-shaped and afford excellent orchard sites. Their soils, 
too, are generally well suited to orcharding, often consisting of mel- 
low, brown medium loams overlying a subsoil of friable sandy loam 
or light loam, yellow or brown in color. 

Just west of the Blackstone Valley the land is more rough and 
stony until the general level of the uplands is attained, where it is 
moderately hilly westward to the French River. 

Farther north in the town! of Sutton, where the apple of that 
name originated, the surface soils on a representative farm examined 
grade from heavy fine sandy loam in the “upper orchard” to a light 
silty loam in the “lower orchard.” The subsoil grades from heavy 
sandy loam to light loam, and in places to silty loam. The color of 
the surface soil is brown and yellowish brown, and of the subsoil yel- 
low, grayish-yellow, or light brown. 

In North Grafton the surface soils in another orchard examined 
included loam, light loam, and sandy loam of brown or yellowish- 
brown color, while the subsoils consisted of yellowish loam and sandy 
loam. In large orchards of another farm were found the types 
above mentioned and also a heavier silt loam underlain by clay loam. 
In still another, a compact gravel layer was encountered at a depth 
of 2 to 3 feet. This condition is designated as hardpan, and while 
true hardpan undoubtedly occurs in spots, the term is often used in 
the State to indicate subsoil conditions much less serious than actual 
hardpan. These examples serve to show the local variability of the 
soils. 
From the Sherborn-Hopkinton-Grafton district northward to 

Chelmsford and Groton the soils of the Eastern Plateau belt aver- 
age a little heavier than in the southern part, though the total range 
in texture is just as wide. This district includes many prominent 
farming towns, and excellent orchards are frequently to be seen. 
Among these towns may be mentioned Shrewsbury, Northboro, 
Berlin, Hudson, Marlboro, Sudbury, the Actons, Concord, Stowe, 
Clinton, Lancaster, Bolton, Harvard, Littleton, Chelmsford, West- 
ford, and Groton. 

The most representative soils are loams and fine sandy loams. Silty 
loams are not infrequent, while now and then silt loams occur. The 
subsoils are seldom heavier than the surface soils, but are very often 
lighter. In some places the subsoil grades to a compact sand in its 
lower depths, and small gravelly areas are not uncommon. The well- 

drained and friable character of these soils has undoubtedly been a 

1“ Town’ in New England is synonymous with township. 

55570°—Bull. 140—15——_2 
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most important factor in the establishment of the numerous or- 
chards. Most of these are small, to be sure, small orchards being 

countless, but there are also large plantings of both old and young 
trees. 

The characteristic color of the above soils is some shade of brown 
or yellowish brown, but the heavier soils are sometimes grayish and 
the subsoils a grayish brown or gray. In some cases, but not in 
others, this indicates poor present drainage. It is evident that the 
grayish colors of some areas is due to deficient drainage before the 
land was cleared, the subsequent’ run-off of the surface and open 
ditches serving to bring the land to satisfactory condition for crop- 
ping. 

The soil descriptions of the last district apply likewise to most of 
Essex County, though small areas of gravelly and sandy soils are 
perhaps a little more frequent, as are small areas of clay loams. In 
the Oldtown district, too, are some interesting joams carrying some 
well-developed orchards of Roxbury (Roxbury Russet). In de- 
scribing soils for that variety these are classed as Essex loam. 

North of Groton, and thence toward Hollis, N. H., a town just 
across the State line, there is another class of soil known locally as 
slate lands, and classed by the Bureau of Soils as the Hollis series. 
These have been derived from schistose rocks from which the 
“slaty ” fragments in the soil have come. The soils are more moist 
than the corresponding types of the Gloucester series, and in crop 
use are similar to the Bernardston soils, being especially well- 
adapted to the production of grass and other forage crops: For the 
purpose of this report these soils may be grouped with the Bernards- 
ton series. The red varieties of apples do not color as well as those 
grown on the Gloucester soils, which on this account are more de- 
sirable for growing the red varieties. 

North of the Merrimac River, and in northern Middlesex, northern 
Worcester, and northeastern Franklin Counties the topography is 
somewhat choppy, the soils are generally more sandy and porous, 
and farming is not extensively developed; and while sections of 
good farming lands and many good individual farms occur, the per- 
centage of stony land is greater than in some parts of the Eastern 
Plateau of the Eastern Highland districts. 
Land prices in the Kastern Plateau district are extremely variable, 

the average being much higher in Massachusetts than in Connecticut, 
largely because of the density of the population. Near towns and 
population centers, farm lands in Massachusetts are worth from $50 
to $150 an acre, except in especially desirable locations, where they 
are much higher. At a distance from town land may be bought for 
much less than $50 an acre in both States. 
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THE EASTERN HIGHLANDS OF MASSACHUSETTS AND CONNECTICUT. 

The upland soils of the Eastern Highlands are derived directly 
from glacial material. No exception to this was noted, and the 
glacial till is, for the most part, deep, even the hilltops having a 
thick mantle. The Gloucester series is by far the most extensive, 
but the Bernardston series is of importance in some localities. A 
striking feature is the stony character of the lowland soils. In this 
respect central Massachusetts, including much of the Eastern Plateau 
Belt, seems to differ from the glaciated districts west of New Eng- 
land, where the upland soils are generally more stony than the 
lowlands. In Worcester County and in places in eastern Massa- 
chusetts it is not unusual to find the lower-lying areas, which the 
railroads for the most part traverse, so stony that no attempt is 
made to cultivate them. Such lands were first cleared and used 
probably as pasture and then allowed to grow up in brush, a condi- 
tion which now largely prevails. That such lands are not tilled 
leads the casual traveler to think them so unproductive as to be 

sterile or nearly so. An examination reveals good soils in many 
cases to be so stony that it is not practicable at present to put them 
in condition for cultivation. There are exceptions to this statement, 
of course, and some areas would become profitable if, the stones 
having been removed, they were artificially drained. Drainage, in 
fact, is an important problem in Massachusetts and to some extent 
also in Connecticut, and some time in the future many drains will 
be installed. Areas are not infrequently found that lack only drain- 
age to permit profitable farming. 

In much of Worcester County the largest areas of cultivated land 
lie on broad hills. The cultivated area often extends down a grad- 
ual slope or in other cases terminates abruptly as a sharper slope is 
approached. There is no uniformity in the selection of the areas 
for cultivation. The lay of the land even leads one to wonder why 
brushy fields adjoining those cultivated are not likewise tilled. An 
examination shows that some are as desirable for tillage and some of 
them even more so than the lands already farmed. Other areas of 
identical superficial appearance, however, show the good judgment 
of the owner in making no attempt to till them because of the stones. 

The value of these lands or lack of it has had little to do appar- 
ently with their present use. Good lands were just as liable to be 
abandoned as poor lands. 

That part of the Eastern Highlands extending from a line drawn 
from Leominster, Mass., through Princeton and Barre south to in- 
elude Charlton and Warren, and also Woodstock, Pomfret, and 
part of Putnam, Conn., constitutes a good farming and orcharding 
section. Between Barre and Warren, Mass., this area should be ex- 
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tended westward to include the excellent town of Hardwick, to which 
reference has already been made. Yet even this locality has been im- 
proved and reasonably developed only in spots. From much more 

of the land is the production of crops and other farm products 
destined to be greatly increased and conditions are already ‘ripe for 
the undertaking. Similar conditions obtain in the Pomfret-Wood- 
stock section in northeastern Connecticut. 

Good glacial loams, both medium and very heavy, produce good 
yields of corn and grass, the former being preferable for corn and 
the latter for grass. Both crops brought heavy yields in 1911, not- 
withstanding the droughty conditions that prevailed during much of 
the growing season. The medium and light loams are well adapted 
to orcharding, thrifty orchards here and there attesting to this fact, 
but they likewise are bringing good yields of forage for the produc- 
tion of market milk. Directly west from New Braintree, Mass., and 
toward Enfield the soils are more sandy, as they are to the south- 
ward in Hampden County east of a line connecting Three Rivers 
and the town of Hampden. These lighter soils also extend farther 
south into northern Tolland County, Conn., but in the southern half 
of that county the percentage of loamy areas increases somewhat. 

Prescott, Mass., may be taken to represent one of the more unde- 
veloped towns of eastern Hampshire County. Though hilly, this 
town has a sufficient area of soils that are capable of bringing good 
crops to warrant a much higher degree of farm improvement. 

In northwestern Worcester, in the eastern parts of Franklin and 
Hampshire, in the southwest corner of Worcester, and in the south- 
eastern part of Hampden County, Mass., and in northern Tolland 
County, Conn., the percentage of improved land is much less than in 
central Worcester County. Conditions differ somewhat, but the pro- 
duction of farm products is much lower than it should be. The ele- 
vation is high, the region is hilly, there is a considerable percentage 
of sandy and stony soils, distance from shipping points is relatively 
great, transportation over the existing highways is expensive, and 
hence large areas are in forest. Yet notwithstanding these adverse 
conditions, which are found in greater or lesser degree in most of the 
Eastern States, there are sufficient areas of good soils so located that 
they are easily capable of supporting a prosperous agriculture. 
From the crest of the Eastern Highland to the Connecticut Valley 

there is a general slope, but its surface has been so dissected as to 
leave little semblance to anything plainlike. On the contrary, bold 
hills approximating 1,000 feet in elevation extend nearly to the 
Connecticut River, in the northern part of the State, near the Ver- 
mont line in east Northfield, and thence southward these high hills 
extend through the towns of Erving, Montague, Leverett, Pelham, 
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and Enfield. Near the southern boundary of the town of Enfield 

the relief becomes much lower, and thence to the Connecticut line 
and far into Tolland County, Conn., the country spreads out into a 

succession of lower hills which are comparable to and connect with 

the eastern Hampden district. Much of this section is from 500 to 

700 feet above sea level, though elevations up to 1,000 feet occur. 

The relief is characteristically much more gentle than that of the 
higher section to the north. The soils of the whole district are com- 
plex, often varying widely in short distances. They do not differ in 
kind from the rest of the Eastern Highland soils. but the percentage 

of sandy and porous areas is somewhat greater. 
A description of the soils of a cross section from near the center of 

this north and south belt in Massachusetts follows: From East Lev- 
erett to within 14 miles of Shutesbury the soils are extremely poor, 
being thin and sandy with some gravelly and leachy areas. Some of 
this material would have to be mapped as stony sand, the grades of 
sand being rather coarse. Formerly attempts were made to farm 
this section more or less, but the lack of adaptation of these soils to 
the production of the general farm crops which were tried necessi- 
tated their abandonment for that purpose. East of this belt, be- 
ginning about 14 miles west of Shutesbury and including all of 
Shutesbury Hill from 14 miles north of the center to 14 miles south- 
west of the town much of the land should be farmed. Some of the 
soils of this district are heavy loams, with subsoils usually a little 
lighter than the surface soil. These can be classed as rather moist 
soils and are well adapted to hay as a money crop. On soils not quite 
so heavy, such as light loams and heavy fine sandy loams, a good 
corn crop was grown in the season of 1911; in fact, it compared well 
with the crop secured in the Connecticut Valley the same season. 
The lighter soils give good yields of potatoes, and this is grown as a 
money crop. The sandy loam types of the region are good for 
peaches, and with the ight loams are hardly to be surpassed for the 
production of such varieties of red apples as are grown successfully 
in this part of the State. Such lands can be bought, without build- 
ings, for $3 to $10 an acre. 

The type of present commercial development in the section of the 
Eastern Highlands around Fitchburg is shown by the illustration, 
Plate I. 

To the east of this belt there is a steep scarp to the west branch 
‘of Swift River along which there is another narrow belt of poor 
sandy soils. These, in turn, are succeeded by the more productive 
loams of Prescott Hill, already described. 

THE CONNECTICUT VALLEY OF MASSACHUSETTS AND CONNECTICUT. 

Walled in by the abrupt or broken slopes of the Eastern Highland 
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and the Western Highland, the productive and populous Connecti- 
cut River Valley is one of the most striking topographic features of 
Massachusetts and northern Connecticut. Approximately 2 miles 
in width in the northern part of Massachusetts, the valley broadens 
greatly about 2 miles south of Northfield Farms, where the river 
turns at a right angle and flows westerly toward Greenfield. There 
the valley is nearly 8 miles wide. Turning southward again, the 
river passes between Pocumtuck Mountain and Mount Toby. To- 
gether these mountains occupy about half the width of the valley. 
At the southern end of Mount Toby the valley steadily widens on 
the east side until it is crossed abruptly by a trap dike, the Mount 
Holyoke Range, which attains a height of 954 feet in the center of 
the valley at Mount Holyoke. Cutting through the range trans- 
versely the river pursues its way down through the central part of 
the main valley, leaving the southern extension of the Holyoke 
Range to the west. The latter turns directly south from Mount 
Tom, which is opposite Mount Holyoke, and, decreasing in height, 
forms a low divide far into the State of Connecticut. To the west 
of this divide is the valley of the Westfield and Farmington Rivers. 
The main valley continues about the same width to Hartford, below 
which it becomes narrower, is in part closed in, or is filled with dikes, 
and soon ends where the river breaks into the Eastern Highlands. 
Topographically it is succeeded by the New Haven Valley, which 
extends to Long Island Sound. 

The alluvial and terrace soils of the Connecticut Valley are water 
sediments which have been deposited in currents of varying velocity. 
Near the present river the first terraces are most always silty, and silt 
soils extend for some distance up the immediate borders of the con- 
tributory streams. With increasing distance from the river, higher 
terraces were laid down when the stream was much wider than at 
present. These terraces consist largely of fine sandy loams, fine sands, 
and fewer loams. With increasing distance from the river the sedi- 
ments become coarser until at the adjoining foothills coarse sands and 
fine gravelly sands prevail. The regular sequence of materials from 
fine to coarse has been often changed by the deposition of secondary 
valley streams. 

The adaptation of the Connecticut Valley soils to onions and 
tobacco precludes their general use for orchard purposes. The tree 
fruits, furthermore, can be grown better on the hills, where land is 
comparatively cheap. 

Viewed as a broad topographic and geologic division, the Con- 
necticut Valley Basin includes not only the valley proper, . but 
all the above-mentioned mountains within it and the foothills ad- 
joining the valley on both sides as far back as the red and yellow 
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sandstone and shale formations extend. On these elevations are 
found the soils of importance for fruit growing, as far as the Con- 
necticut Valley Basin is concerned. Some of the prominent locations 
are the eastern side of Pocumtuck Mountain in Deerfield, Taylor Hill 
in the town of Montague, parts of the Mount Pisgah district in Gill, 
Mount Warner in Hadley, and some of the lower slopes and eleva- 
tions of the Holyoke Range. In Connecticut sites just as favorable 
occur along the Talcott and Higby-Beseck Ranges, and the many 
smaller elevations. 

The soils of these elevations, and also those of the Westfield- 
Farmington Valley Basin, have been derived from the glaciated 
residuum of the Triassic red sandstone and pinkish conglomerates. 
They are grouped as the Wethersfield, the Middlefield, and the Tal- 

cott series in the order of their extent. As some of these soils have 
been more extensively developed for peach growing than those of 
the other series the most important soil types are here described in 
detail. 

In Massachusetts the most common type in the Wethersfield series 
is the sandy loam, but the loam is also of importance. The surface 
of the former consists of gray, salmon, or pinkish-gray sandy loam 
or loamy sand from 6 to 10 inches deep. The subsoil is variable, 
ranging from a sandy loam to a silty loam. The latter usually 
contains enough medium or coarse sand to make it somewhat gritty, 
the grains of sand being sharply contrasted in color with the heavier 
red matrix soil materials. 

The Wethersfield loam consists of red silty loam to an average 
depth of 8 inches. It usually contains enough medium sand to be 
somewhat gritty. -The subsoil is a gritty loam or sandy clay loam. 
In Massachusetts most of the series is somewhat stony, and a good 
bit of it is very much so. In Connecticut this series is much better 
developed. The average texture is heavier, the silty loam occurring 
in extensive areas, and a much smaller percentage is stony. Thus 
the average productiveness is much greater in Connecticut than in 
Massachusetts. 

The Wethersfield soils are normally a little less productive than 
the Gloucester series. This difference is greater, however, in Massa- 
chusetts than in Connecticut. Not only is the forest growth lighter, 
but the percentage of soft-wood varieties is greater. Grasses do not 
hold as long either in meadow or in pasture, and it is generally con- 
sidered that tilled crops require a little higher fertilization. The 
soils are well drained and crops mature a little earlier than on the 
Gloucester soils. The sandy loam is a favorite soil locally for early 

_ potatoes. In Massachusetts peaches have been grown successfully 
in some instances, and there is a good opportunity for the extension 
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of the industry, as the soil is well adapted to their production, and 
the areas have good local markets. 

In the Middlefield series the range of types is about the same as 

in the Wethersfield series, so separate description is not given. It 
is a companion series to the Wethersfield, from which it is separated 
primarily on the basis of color, though there is some variation in 
the productiveness and adaptedness when some of the corresponding 
soil types are compared. These soils are of much less importance 
in Massachusetts than in Connecticut, where they support good 
orchards, and their adaptedness is closely comparable to the Wethers- 
field series, the difference being of type rather than of series. 

In the Talcott series a silty loam and a silt loam are the predomi- 
nating types, but in them the presence of small ironstone fragments 
makes the friability of the soil mass greater than it would other- 
wise be. 
A soil map of the valley and the hills immediately adjoining was 

published in 1903," so the valley soils will not be described further 
in this report. 

THE WESTERN HIGHLANDS OF MASSACHUSETTS AND CONNECTICUT. 

From the Connecticut Valley the irregular surface of the western 
highland rises to the mountainlike crest of eastern Berkshire 

County for a distance of 20 to 80 miles. Across this easterly sloping 
plateau surface flows the Deerfield River in northern Massachusetts, 
the Westfield River in southern Massachusetts, and the Farmington 
River in northern Connecticut. All these are tributary to the Con- 
necticut River. When the drainage of the western plateau becomes 

southerly the waters are carried chiefly in the Housatonic River and 
its important branch, the Naugatuck, though the Saugatuck River 
is also of importance. These rivers with their numerous tributaries 
have cut deep courses with fall sufficient in most cases to give rapid 
currents. Deep gorges are local characteristics, but the streams are 
usually swift even in the more prevalent open country. Between the 
stream cuts there are considerable areas of relatively smooth land, 
with medium-textured Gloucester soils. 

Following the drainage basin of the Deerfield River westward from 
its junction with the Connecticut, the valley is dissected only to 
moderate depth in the towns of Shelburne, Conway, and West Deer- 
‘field, the adjoining irregular hills including much farming land, of 
which some is excellent. 

In Charlemont, Buckland, Hawley, Florida, and Rowe dissection 
is much deeper, and with approach to the Hoosac Tunnel it is steep 

1Soil Survey of the Connecticut Valley, Field Operations, Bureau of Soils, 1903. 
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Bul. 140, U. S. Dept. of Agriculture. PLATE VI. 

Fia. 1.—WILD APPLE THICKET IN FOREGROUND, IN A LEYDEN PASTURE, BEING THINNED 

FOR GRAFTING. COLERAINE DISTRICT. 

Fic. 2.—A DETAILED VIEW OF FIGURE 1. 

[Taken after the grafting had been begun.] 
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or even precipitous. The valley of the Deerfield is not very wide 
after it enters the western highland, but in many places narrow 
bands of alluvial or high-terrace soils are well farmed. 

On both sides of the Deerfield Valley, extending back for many 
miles, are hill towns with considerable areas of smooth land. Some 
of these already have good agricultural records for their output of 
farm stock and orchard products, and others seem worthy of further 
development. Even the best developed of these towns have made 
little more than a beginning, however, on the upbuilding of their 
opportunities. Of this broad section of good agricultural soils no 
general boundaries may be drawn, though the following-named towns 
are representative of the belt: Shelburne, Coleraine, Leyden, Heath, 
Charlemont, Buckland, Conway, Ashfield, Cummington, Worthing- 
ton, and part of Plainfield. ; 

It seems probable that the small amount of lime entering into the 
composition of some of the rocks from which the Gloucester soils 
of this section have been derived is partly responsible for their pro- 
ductiveness, which is apparently a little greater than that of the 
Gloucester soils of the Eastern Highlands, where lime does not seem 
to be present in the rocks. This comparison applies just as well to 

Vermont (the State where the mountains are green) and to New 
Hampshire (the State where the mountains are white), the latter 
corresponding to the Eastern Highlands and the former to the 
Western Highlands. 

Three general soil types cover the principal areas of the best farm 
lands of this district. Of these, the Gloucester loam, a brown, mel- 

low, medium loam, with subsoil of yellow or light-brown loam or 
light clay loam, is especially noticeable. This soil is naturally well 
adapted to the production of corn and clover, and when well handled 
gives excellent returns with these crops. A companion type, the 
Bernardston loam, consists of a very heavy loam, which is somewhat 
moist, and of grayish-brown or grayish-black color. The subsoil is 
gray or grayish. This is the best timothy soil of the region, and on 
it pasture grasses hold for a long time. As much of the type would 
be improved by artificial drainage, however, it will be recognized 
that this soil is not as well adapted to the clovers as the preceding 
type. In its present condition a good deal of this kind of soil needs 
lime. The third type, which is representative of the lighter soil 
areas, consists of a fine sandy loam, with a subsoil of loam, fine sandy 
loam, or sandy loam. Its area is much less than that of the two 
preceding types. All of these soils contain stony areas, Some being 
so stony as to interfere with tillage, or at least to increase its expense. 

Interspersed with the prevailing soil conditions described are many 
local areas of rougher topography. These include slopes to stream 
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courses as above mentioned and also scattering sharp hills and ridges, 
from which slow, yet long-continued, erosion has removed consider- 
able parts of the soil mantle. Most areas of this sort are stony, 
while some of them are very much so, and ledges often protrude. 
Along the latter the depth of the soil is far from uniform, as the tilt 
of the ledge plain varies all the way from nearly horizontal to 
perpendicular. 

As “Apple Valley,” in the towns of Ashfield and Buckland, has 
earned a somewhat noted and well-deserved reputation for its 
orchards, the character of its soils are of special interest. The soils 
range from light loams to heavy leams and clay loams, the textures 
of the subsoils being similar in range. The soils are all derived from 
deep glacial till. Some fields are comparatively free from stones 
and others are very stony, but most of the valley is moderately stony. 
The soils are productive, but the men of the section must be given 
credit for having used them skillfully. Soils as good for orcharding 
and farming occur in various places in the hill towns of western 

Franklin and western Hampshire counties that should be equally 
developed. 
Orchard and farm lands can be bought in the Western Highland 

section of Massachusetts for $10 to $30 an acre, and on tracts of 100 
acres or more very good farm buildings are often included at the 
latter price. Farms of 100 to 150 acres with good buildings are to 
be had for $5,000. These prices can be duplicated in western Con- 
necticut, except where the purchase of farms by outside residents 
has led to a marked increase in prices. This apples more especially 
to the southwestern part of the State. 

In the southeastern part of the Western Highlands in Massachusetts 
and in the northeastern part in Connecticut dissection has been very 
deep, especially in the towns of Russell, Blandford, Montgomery, 
Chester, and Huntington, where the slopes above the channel of the 
Westfield River are exceedingly steep, broken, and rocky, and in 
those towns of Connecticut along the break in the highlands toward 
the Connecticut and Farmington Valleys. Local areas are some- 
times too rough even for feasible forestry planting, yet here and 
there are smooth, rounded hills or moderate slopes of sufficient area to 
afford good sites for orchards and other crops. The soils of one 
large tract examined in western Hampden County included loams— 
heavy, medium, and light—the subsoils rarely being as heavy as clay 
loams. Traces of hardpan sometimes occur, but suitable areas free 
from this difficulty are readily found. Spouty and seepy slopes, 
which are sometimes encompassed in desirable fields, it is practicable 
to drain artificially. 

That part of Hampshire County between the Connecticut Valley 
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and the upper Westfield River Basin is much less deeply dissected 

than the section traversed by the latter river, though withal it is 
hilly. The soils include a much larger percentage of sandy types 

than the Coleraine-Cummington region, but there are many good 

farming areas. Between Cummington and Northampton the loamy 
soils of the former town extend approximately to Swift River, east 
of which the soils are more sandy nearly to Williamsburg, and farm- 
ing is less developed. A mile or two west of Williamsburg begins 
another strip of loamy and more productive soils, which extend to 
west Whately, southeastern Conway, and on to Patterson Four 
Corners. The road from Whately village north to Whately Glen 
indicates the eastern limits of this area. 

In the Western Highlands of Connecticut, especially west of the 
gorge of the Naugatuck River, where dissection and erosion have 
been more kind than farther east, there are many good farming 
towns, especially in Litchfield County. Not all localities were ex- 
amined in detail, hence various good towns were doubtless missed, 
but among those seen may be mentioned Canaan, Cornwall, Litch- 
field, Washington, Woodbury, Western Watertown, and Southbury 
in New Haven County, and Newtown, Redding, and Ridgefield in 
Fairfield County. 

Passing northward to the foot of the Hoosic Range in northwestern 
Massachusetts, the soils up the eastern slope are much more sandy 

than those of the lower highlands. Going through the tunnel of 
the Boston & Maine Railway, in Hoosic Mountain, one approaches 
North Adams, which is located near the center of the Hoosac Valley. 
There the North Branch, flowing from Vermont, joins the Hoosac 
River as it comes from Berkshire County and flowing westward 
through the defile between the southern end of the Green Mountains 
on the north and Graylock on the south, passes out of the north- 
west corner of the State. The valley of the Hoosac is flanked on the 
south in the town of Williamstown by a secondary rolling valley, in 
which are many good farms. 

The greater part of the Hoosac Valley is occupied mainly by old 
glacial terraces, of which the soils include many areas of loam, but 
there are also many sandy and gravelly knolls and ridges. In the 
North Branch Valley in the town of Clarksburg the soils are very 
stony or even rocky, and their nearness to the good markets of North 
Adams accounts for the relatively high price of land—said to be 
$50 to $100 an acre, where within a radius of 4 to 5 miles from the 

town. 
The soils of the Williamstown Valley average somewhat heavier. 

There are many areas of loam and clay loam, though sandy and 
gravelly knolls and low hills frequently occur. Good dairy farms 
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are to be seen, the milk in excess of the local demand being shipped 
to Boston. Both Williamstown and North Adams are good local 
markets for considerable amounts of milk, cream, some butter, and 
much garden produce. There are few orchards, though good orchard 
soils occur on some of the local elevations. 

The Upper Hoosac Valley towards Cheshire is narrow, being in 
places little more than a defile between Mount Graylock and the 
Hoosic Range. This is a general farming district. The valley 
closes in on the south with the low hills forming the divide between it 
and the Housatonic Valley. At Lanesboro the latter broadens and oc- 
cupies nearly the whole of Pittsfield Town. It then divides, one | 
arm extending south through the towns of Lenox and Stockbridge 
and the other arm southward through the town of Richmond to 
West Stockbridge. From the latter town to Housatonic village, 
mountains nearly close the valley, the spaces between them being 
occupied by narrow stream beds. 
A few miles south of Great Barrington the valley is again nearly 

5 miles broad, and thence it extends south to the Connecticut line, 
including a large part of the towns of Egremont and Sheffield in 
Massachusetts and of North Canaan, Eastern Salisbury, and Western 
Sharon, in Connecticut. The valley floor near the Connecticut line 
is about 700 feet, and at Pittsfield, Mass., about 1,000 feet above sea 
level. The Berkshire Valley is underlain by limestone and, although 
the surface soils are glacial deposits, sufficient limestone débris has 
entered into their composition to render them somewhat more pro- 
ductive than they would otherwise be. They constitute the Dover 
series, and vary greatly. Areas of well-drained loams and some 
light clay loams are interspersed with more sandy soils. Some of the 
latter are susceptible to drought and general crops are not considered 
very safe, but the heavier soils are sufficiently retentive of moisture 
to constitute excellent grass lands. In some cases, to an extent, the 

soils are cold owing to inadequate drainage, and the crop yields are 
correspondingly low. Artificial drainage would pay on some of 
these fields and will undoubtedly be installed in due time. 

The valley walls are generally steep, though here and there 
smoother areas open back into the adjoining hills. The hill region 
east of the valley includes many good farming localities, but gener- 
ally speaking it is capable of much higher development. From Pitts- 
field south the valley is walled in on the west by abrupt hills which 
occupy the northwestern part of the town of Salisbury, Conn., and 
the towns of Hancock and Mount Washington in the southwest cor- 
ner of Massachusetts, but farther north they pass out of Massachu- 
setts and for some distance extend along the New York boundary, 
leaving room for a considerable area of good agricultural land in 
the town of Egremont. A representative sample of these good soils 
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consists of dark-brown to dark grayish-brown medium to heavy 

loam to a depth of 9 inches. The subsoil consists of heavy light- 

brown or grayish-brown loam. These soils are mellow, deep, friable, 

and productive. 
Land prices in the Berkshire Valley vary greatly, the highest 

prices current being due to causes outside of agricultural develop- 
ment. The attractiveness of the region has led to the establishment 

of many summer homes by wealthy urban dwellers, and a few re- 
main throughout the year. The greater part of such transfer of 
real estate is congregated in a few towns (townships), and has 
greatly increased land values in the district immediately surround- 
ing, but aside from such centers land prices are still very low. 

Several points of soil condition favorable to orcharding in Massa- 
chusetts and Connecticut have been mentioned. These are: An 
abundance of deep, friable, well-drained, well-oxidized and suffi- 

ciently productive soils; the low price of such soils; and the nearness 
to the best of markets. Such soil areas are most frequent in the 

Western Highlands, the Eastern Plateau, and the Eastern High- 
lands. Several disadvantages should also be mentioned. Many of 
the upland soils are more or less stony, and in some cases rocky lands 
are frequently divided into fields too small for economic working and 
surrounded by stone walls, the removal of which involves some ex- 
pense, and some districts are handicapped by their distance from 
railway shipping points. The minor lowland areas, outside of the 
Connecticut and Merrimac Valleys, often consist of sandy glacial 
terrace débris that is more seriously affected by drought than the 
upland soils, and normally less productive. 

ORCHARDING; GENERAL CONDITIONS IN THE FUTURE. 

An analysis of the agricultural resources of Massachusetts, includ- 
ing the soils, and the availability of excellent markets can hardly 
fail to lead to the conviction that a great deal of good land now. 
bringing little return must eventually support very profitable lines 

of farming. The tendency of the last quarter century to leave farm- 
homes somewhat distant from towns and social advantages, notwith- 
standing the excellent opportunities for money-making which such 
farms might possess, has been notable and marks a definite stage in 

the agricultural history of the region. The still better advised re- 
turn to such of these lands as possess good possibilities is sure to 
come, for they hold good opportunities for those able to take advan- 
tage of them. But the higher development of these lands will be 
shaped according to their adaptation to produce crops and products 
under existing economic conditions, and to meet the demands of, and 
to take advantage of, the markets near at hand. Experience has 
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already shown the futility of trying to compete with the Middle 
West in farm products for which the soil and field conditions of the 
latter are superior. Hence New England farmers should welcome 
such competition instead of regretting it, and meanwhile bend their 
energies to producing and marketing the higher forms of products 
for which their location gives them an advantage over any possible 
competitors. The normal increase of the population of the United 
States is sure to effect this development eventually, because the in- 
creasing price of foodstuffs will make it necessary to use the many 
kinds of soils for those crops only to which they are best, or at least 
reasonably well, adapted. In the following chapter the development 
of orchards on suitable soils, and the kinds of soil on which several 
of the different varieties of apples, peaches, and pears may be ex- 
pected to give the best, or at least good, results is treated in some 
detail. 

In regard to the relative importance of the personal factor of the 
erchardist himself, as compared with that of the adaptation of the 
soil, it may be said that a man who strongly likes to grow apples may 
grow very good ones in spite of adverse soil conditions, because he 
makes all other conditions of growth favorable. Similarly he who 
does not care for orcharding may not produce good apples, even 
though his soil be excellent, because he is not imbued with the interest 
in the subject which makes for success. Yet he who enjoys orchard- 
ing is most successful when the soil factor, as well as the other fac- 
tors necessary for success, receives due consideration, and only those 
varieties are planted on any given soil which that soil is best adapted 
to produce. 
A “stony” loam is often recommended as a desirable fruit soil. 

In fact it is one of the assertions most commonly heard in this con- 
nection. Many growers think there is virtue in stones for increasing 
or enhancing the value of a given soil for apple production. If a 
soil is too heavy (clayey) or too impervious it is made more pervious 
by stones, but in this case their effect is only that of an antidote to 
soil conditions otherwise undesirable. It is an easy matter, further- 
more, to select soils free from stones, or practically so, that are 
equally pervious and desirable or even more so, and such soils would 
have an additional virtue in that they could be cultivated more 
cheaply. Any benefit from the disintegration and decomposition of 
the stones during the lifetime of an individual is certainly negligible. 
Hence, while stones may be advantageous in loosening a clay soil 
somewhat, just as they are disadvantageous to a porous sandy soil 
by lowering its moisture-holding capacity, they should not be con- 
sidered, except as above indicated, a desirable attribute of soils to 
be planted in orchard. Much of the current belief that “stony” 
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soils possess some peculiar advantage in their adaptability to orchard 
fruits has andoubtedly arisen from the success of many orchards 
located on stony hills. The facts that the soils were in a large num- 
ber of cases friable, deep, and at least fairly productive, and that 
air drainage was excellent have apparently made less impression on 
the mind than has the stony appearance of the surface. 

The fact that a soil is stony does not necessarily imply that it is 
productive, even though friable and deep. But if apples are to be 
grown with profit when competition is keen, as it is periodically 
certain to be, the soil must be productive, or at least capable of be- 
ing economically brought to a productive state and so maintained. 
To this point too little attention has been given. 

As to the adaptability of well-selected soils, the price of land, and 
good markets the opportunities for successful orcharding in southern 
New England are exceptionally good. To certain features of the 
business, however, attention should be called. 

In the current rapid expansion of orchard acreage there is a strong 
tendency to reduce every project to a strictly commercial basis of 
large proportions. Hundred-acre orchards no longer cause sur- 
prise, as various individuals and companies operate several times this 
acreage, and many more very large projects have been begun. On 
undertakings of such magnitude is the cry of future overproduction 
chiefly based. There is no denying the probability that the average 
wholesale markets of the future will be materially «ffected by fruit 
from these extensive plantings. But the economic efficiency attained 
in the individual development of these orchards, and the grade of 
fruit marketed will be very important factors in deternuing the 
financial outcome. 

The history of orcharding has shown, moreover, that extensive 
planting is spasmodic. High prices lead to such an increase of plant- 
‘ing that prices are eventually forced down whenever a large per- 
centage of localities in the whole country happen to bear a full crop 
because of favorable seasonal conditions. The high prices and ex- 
tensive plantings of the last several years make it seem very probable 
that the crest of such a wave may be approaching, and that prices ere 
long will be lower. When such condition arrives the survival of the 
fittest is the universal law that applies. It is at this point that the 
importance of selection of orchard site, soil, and location with ref- 
erence to markets or shipping facilities becomes most apparent. 
Adequate care after planting must be given in all cases, but it alone 
is not sufficient where competition becomes acute. Cheapness in pro- 
duction of fruit demanded by extensive markets determines the value 
of most orchard projects, and orchards that are deficient in these 
various attributes are soonest forced out of business. This is not 
taken to mean, however, that profitable orcharding may not be 
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carried on by the general farmer when carefully done. The old time 
orchard must go, however, or be rejuvenated and given consistent 
care if it is to serve any purpose very useful in the economy of the 
farm. It must be admitted also that there are certain objections to 
the extremely large orchard. Many of the tender-fleshed and 
thin-skinned varieties which the best retail markets desire are not 
amenable to ordinary methods of handling. Skilled help can 
undoubtedly be secured in many cases, but it is exceedingly difficult 
through all the processes of care and attention to give all the 
orchard and all the fruit the personal attention which enables the 
individual grower of, say, 10 to 20 acres to secure the highest prices 
of special markets or of retail trade. 

Another excellent opportunity of the present time is to bene the . 
old orchards into good bearing condition as soon as possible. In 
this way a few very profitable crops may be secured before the larger 
orchards of recent and present plantings bear much fruit. 

The diagram, figure 2, based upon estimates prepared by the State 
board of agriculture, so far as production is concerned, shows the 
relative importance of different parts of the State as apple-growing 
sections. In many of these towns important plantings have been 
made since the preparation of these estimates. Similar interest and 
activity in towns not included in these lists will bring them also 
above the 10,000-bushel minimum not many years hence. In the 
diagram (Fig. 2) the approximate location of these townships is 
represented by symbols. Surrounding areas—not townships—of rel- 
ative but not necessarily equal production are indicated by a system 
of lines. 

CULTURAL METHODS IN ORCHARDS. 

It is not the purpose of this report to discuss orchard cultural 
methods beyond calling attention to prevailing practices. 

The profitable peach orchards are almost always cultivated, and 
those most profitable are cultivated assiduously until midsummer, 
when an annual cover crop is grown. The crops used for this pur- 
pose are many—rye, buckwheat, rape, cow-horn turnips, crimson, 
red and alsike clovers, winter vetch, etc., being in common use. 

Rutabaga seed is often thickly broadcasted, the best roots being sold 
and the remainder left as a cover crop. 

The best of the commercial apple orchards are also cultivated to 
midsummer and then laid by with some of the cover crops named 
above. The sod-mulch system is also practiced to some extent and 
gives very good results where the plan is consistently and thoroughly 

carried out. The most common difficulty with this method is the 
failure to apply sufficient mulch to prevent the growth of any grass 
or weeds within a circle which should extend for a few feet beyond 
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the perimeter of the branches. In fact, the growth of grass just 

‘beyond the tips of the branches of a tree a few years old, or older, 

is far more serious than if near the trunk, where no feeding roots 

occur. Only by such thoroughness can mulching conserve even ap- 

proximately as much moisture for the tree’s use as thorough culti- 

vation affords. Plate II, figure 1, shows a fairly good mulching, 

but even it should be a little heavier. Plate II, figure 2, shows there 

is at least one man who can remove peach fillers in time. 

It must be admitted, however, that a large part of the aggregate 

number of apple trees in both Massachusetts and Connecticut regu- 

larly receive neither cultivation nor mulch. Of this great number of 

smal! orchards and miscellaneous trees some receive more or less 

cultivation when other crops are grown in the field where the trees 

happen to be, and in some cases the welfare of the trees is an im- 

portant consideration, but more frequently it is purely accidental. 

Where the ground is well manured under the system of cropping 

followed—usually corn, oats, and grass in a 5-year rotation—very 

satisfactory results are secured. (See Pl. III.) A single row of 

apple trees along the fence or wall around fields (Pls. IV and V) 

is characteristic of many sections of both States, and from such 

trees very large quantities of fruit are produced, the aggregate be- 

ing much larger in Massachusetts than in Connecticut. Many of 
the roadside trees were seedlings from which surrounding brush 
was cut away when the grafting was done. Often the grafting 1s not 
done until the seedlings are so large the scions are set in the limbs 
instead of in the trunk, with the result that the trees are usually 

headed 5 to 6 feet from the ground. The Baldwin is the variety 
ulmost universally used for this purpose. Most of the pasture trees 
were grown in the same way, though some are grouped around the 
cellar holes of former small farmsteads in the hills that do not now 
constitute economic farm units and so have been thrown into pas- 
ture. (See PI. VI.) 

There are thousands upon thousands of seedling trees in these 
States, with more annually springing up, that have not been propa- 
gated to improved varieties, although this is still a common practice 
in some sections, particularly in the Western Highlands. A large 
number of trees also occur in pastures where no cultivation or 
mulching is given. In this case the very close grazing of the grass 
by animals makes evaporation somewhat less than where hay is cut, 
and results are better than the careful orchardist would expect, but 
the method is to be recommended only where better methods are 
impracticable. This phase of orcharding also is somewhat more 
extensive in Massachusetts than in Connecticut. When results so 

55570°—Bull. 140153 



34 BULLETIN 140, U. S. DEPARTMENT OF AGRICULTURE. 

good are obtained under such methods, the opportunities for the 
higher profits better care would bring are noteworthy. While simi- 
lar roadside planting of trees is found in some of the noncommercial 
sections of New York, the custom is not so general there, nor are 
the results as a rule so satisfactory. In the heavy producing sec- 
tions of New York large commercial plantings are the prominent 
feature, and the secondary plantings are of little importance. 

The leading orchardists in southern New England use an annual 
application of commercial fertilizers in connection with a cover 
crop, or as a supplement to stable manure. Formerly mixed goods 
were used, but now many buy chemicals. There is much variation 

in the combination used. Basic slag is just now in popular favor 
and large quantities are used. Some acid phosphate is also used, 
but ground phosphate rock as a substitute is replacing it to some 
extent. Ground bone is preferred by some growers and tankage 
is in common use. The nitrates of soda or potash are employed 
as a source of ammonia when quick results are required. Potash 
is used in several forms—low-grade sulphate, high-grade sulphate, 
muriate, and kainit. The amounts used by different orchardists 
vary greatly and no attempt was made to cover the practice in a sys- 

tematic way. 
These different types of orchard distribution are brought out in 

Plates VII, VIII, and IX, which show the character of planting in 
Coleraine and Leominster, Mass., and in Parma, N. Y. 

USUAL TYPE OF FARM-ORCHARD DEVELOPMENT IN MASSACHU- 

SETTS AND IN WESTERN NEW YORK. 

The character of orchard distribution in a town typical of central 
Massachusetts is shown in the map of Leominster. (PI. VIII.) The 
western part of the town is so hilly and rough that there is little 
orcharding or farming. The rest of the town constitutes a good 
farming and fruit section. With general farming, some dairying, 
and a little trucking, apples are an important money crop in pro- 
portion to the land given over to orcharding, as appears in the 
census of production shown elsewhere, Leominster being in the group 
of towns that produce between 25,000 and 40,000 bushels of apples 
annually. There are no large commercial orchards, but there are a 
few of moderate size and many small ones. 

On the sketch map the blocks of orchard are drawn to approxi- 
mate scale and each dot represents 10 apple trees. 

In parts of both States, but principally in Litchfield County, 
Conn., and that part of Massachusetts west of the Connecticut 
River, apples have long constituted an important money crop in con- 
junction with live-stock farming. Coleraine, Mass., is one of the 
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prosperous towns of this class, and because of the intense develop- 
ment of this sort an orchard map was prepared to show conditions 
there. Definite blocks indicate for the most part trees grafted before 
they were planted or soon after, the trees being in regular rows. 
Orchards shown by dots have no regularity of arrangement. Of 
these trees the great majority have come up as seedlings where 

they now stand, and have been grafted as the owner could get to it 
or possibly hire some one to do it. A row of trees along a wall or 
fence surrounding tilled fields is a common feature, but probably 
more are located in pastures. Almost all grafting has been to Bald- 
win, no tree being considered too old for this purpose if in vigorous 
condition, though most of it is done before the trees are 20 years old. 
Five to ten years is considered a favorable time where the land is 
not to be grazed, as the scions can then be set high enough for teams 
to work underneath; but in pastures an older age is preferred so 
that cattle may graze without injuring the trees. Of so much im- 
portance are these irregular orchards that seedlings or nursery stock 
are not infrequently set in to fill any large gaps, thus by a little effort 
making a solid block of trees. This method of orcharding seems 
very strange to those unfamiliar with it; but the profits derived have 
been largely instrumental in the town’s prosperity, and many Bald- 
wins of exceptionally good quality are grown. 

Countless thousands of seedling apple. trees abound in Coleraine 
that are not yet grafted. Many farmers graft a few every spring as 
other work permits, or as outside grafters can be hired, but even so 

the number of trees is so great that many will never be grafted, not- 
withstanding the profit to be derived. It is doubtful if seedlings 
grow more profusely anywhere. 

This system of orcharding, though unusual, is of much im»vortance 
locally, and the profits derived are certain to lead to its steady die- 
velopment. From the ungrafted trees large quantities of cider are 

produced for vinegar, which constitutes no inconsiderable source of 
additional income. 

RELATIVE PRODUCTION OF APPLES IN SOUTHERN NEW ENGLAND. 

While it is often unsafe to draw definite conclusions as to the 
relative importance of fruit growing in different States, because 
of variations in weather conditions in any given year, age, and con- 
dition of trees, etc., such comparisons may nevertheless serve as a 
general index, and for this reason the figures below are taken from the 
United States census of 1910. It should be borne in mind that New 
York is by far the foremost State in the production of apples, hay- 
ing a greater yield than any other entire geographic group of States 
other than the one of which it forms a part; and in 1909 Michigan 
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was the only other State exceeding Pennsylvania in the yield of this 
fruit. 

Number of trees in orchards and production of orchard fruits in eight leading 
States for the years 1899 and 1909. 

Trees of | Trees un- eee 
State. bearing der bear- 

ae: eee 1909 1899 

| Bushels. Bushels. 
MASSA CHUSC UGS sere saint ie cera cyh d cleie rrrcimsicti aw ela eeimere cre cle --| 1,698,220 591,796 } 2,763,679 3, 158, 781 
Connecticut.........------------2++- +++ - ee eee eee eee 1,369, 515 604,296 | 1,874,242 38, 839, 105 
Nem ieork sent. 5 sc lassue aon sate ee aus ad 17, 625,093 | 7,363,614 | 29,456,291 | 26, 172/310 
Pam ay lyon teense, Qos Rha Sect canes oe ane ect 13,186,773 | 5,921,257 | 13,285,953 | 25,236, 854 
Ilan efi = eae 8 Ae ace ee ean el ae ee 12,842,827 | 6,679,949 | 15, 220, 104 9, 859, 862 
Washing LOnt ss She ee ee epee Sek ae, iene 4,944,889 | 6,951,251 4, 244, 670 1, 180, 357 
Omegniived(:. seeks feck it ea ee acento 4,583,735 | 4,309,232 | 4,423,244 | 1/529’ 02 
WaliTO TM IB Mics Seas ee Oe tebe eens Soe as ae 22,485,195 | 8,410,062 | 31,501,507 | 22,690,696 

Number of trees in apple orchards, total production of apples in 1899 and 1909, 
and production per capita for the same years in selected States. 

Production. Density} Production per 
of capita. 

Trees of | Trees un- F opu- 
State. bearing | der bearing Population, lation 

1910. per age. age. ayn 
1909 1899 mile, 1909 1899 

1910. 

Bushels. Bushels. Bu. Bu. 
Massachusetts....| 1,367,379 355, 868 2, 550, 259 3, 023, 436 3,366, 416 418 0. 76 ial 
Connecticut. ....- 798, 734 211, 839 1, 540, 996 3, 708, 931 1,114, 756 231 1.4 4 
New York....-.. 11, 248, 203 2,828,515 | 25,409,324 | 24,111, 257 9,113, 614 191 2.8 3n0 
New Jersey..-...| 1,053, 626 519, 749 1, 406, 778 4, 640, 896 2,537, 167 BB yA 0.5 2.4 
Pennsylvania....| 8,000, 456 2,501,185 | 11,048, 430 | 24, 060, 651 7, 665, 111 UE eT, 3.8 
Delaware.......- 429, 753 263, 813 183, 094 702, 920 202, 322 103 0.95 sted 
Georgia 222... 1, 878, 209 822, 327 895, 613 670, 889 2,609, 121 44 0. 34 0.3 
Michigan......... 7, 534, 343 2, 253,072 | 12,332, 296 8, 931, 569 2,810, 173 48.9 4,7 3.6 
MUNOS2 52 2scc cece 9, 900, 627 2,548, 301 3, 093, 321 9,178, 150 5, 638, 591 100 0. 55 1.9 
TOWO8Se5. 2 oskeces 5, 847 034 1, 914, 325 6, 746, 668 3, 129, 862 2,224, 771 40 3 1.4 
Washington...... 3,009, 337 4, 862, 702 2,672, 100 728, 978 1, 141, 990 abreal 2.3 1.4 
Oregon-=-2- 5.2.2 - 2,029,913 | 2,240,636 | 1,930,926 873, 980 672, 765 ti 2.8 2.1 
California. ....... 2) 482’ 762 | 1,054,107 | 4,935,073 | 3,488,208 | 2,377,549] 15 2.6 218 

Number of trees in peach orchards and production of this fruit in 1899 and 1909 
in important States. 

Num ber ok Number 
State. peace under bear- 1909 1899 

& ing age. 
age. 

Bushels. Bushels. 
IMASSACHUSCLES cots ci jets ate 2 eke enero tise eee eee 154, 592 162,114 91, 756 27, 906 
Connecticuicss 32 s-. ete > Sa be ee ES ee 461,711 338, 608 269, 990 61,775 
IN GW? QIK oe ae rence teeta ea seeraaaee 2,457,187 | 2,216,907 | 1,736, 483 466, 850 
ING Wed CY SQVe ete eects ast Seater ects 1, 216, 476 1, 363, 632 441, 440 620, 928 
IDOLS WAT Ose hse Ree coe cern adie vay Wee area 1,177, 402 212,117 16, 722 9, 750 
IPEnnsylVamigs. $522 ems So kha i Bee ee ee aa ee 2,383,027 | 2,179,386 | 1,023,570 143, 464 
AVES GILG are eer a ee ae ne ares eee = yr ae Se 2,907,170 | 2,991, 090 1, 686, 586 339, 637 
GON e1a 2 Ae Roo ea ee oe Doe ae Oe Ae Ae ate 10,609,119 | 1,531,367 | 2,555, 499 259, 728 
Washinotonesss22s5cee- eee Be RES Serre tee rey 536, 875 | 1,028, 141 84, 494 80, 990 
OTOS ON eee ace a tine Meta noo oeiniaat toes Sane 273, 162 508,179 179, 030 101, 190 
WalitormiagAe eee ae cps eee ae eo em care eee 7,829,011 | 4,409, 562 267,118 8,563, 427 

| 
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Exports of apples from the United States at five principal eastern ports. 

Port. 1912 1910 

Bushels. Bushels. 
437, 611 BES OOS LON es ae alae rem alee aera ala nie) ayn nial (onmm wynpaln lm minim ole myn min ; 170, 013 

WIG? WORK co hos doo atheeseaueosnos sedeme seoocose. coppeose dusaeceeeorsrreeenecers 609, 041 566, 926 
ails gel pila ee eee esse Aen ere JnenuenocsincbesodacadaayaeLAdsaee desee 649 39 
Portland Mees. 2-27-2222 L 2 Speecaednaasoncaconoucb issue ceugEceneeE aes eepee 158, 717 67,748 
iBellgtrayye, Il. Ae eee ee Phe we Spee e nee osoce ar asue S045 os On roa aE Rone seReReBe Ee 168 92 

The States of Massachusetts, Connecticut, New York, New Jersey, 
and Pennsylvania include approximately one-fourth of the popula- 
tion of the United States, and it is apparent from the above figures 
that Massachusetts and Connecticut are very fortunate not only in 
home markets for fruits but also in facilities for exporting whenever 
prices at home make it advisable to ship apples out of the country. 
These States have, however, an unusually large proportion of non- 
agricultural population, and local markets are exceptionally good in 
that they are well distributed and consume a relatively large quan- 
tity of fruit for which remunerative prices are paid. This gives no 
small advantage over States that have to ship a much greater dis- 
tance to these same markets, but in order to take full advantage of 
these excellent opportunities the grading and packing of fruit should 
be greatly improved. There are already sufficient exceptions to in- 
ferior grading and packing effectively to demonstrate the superior 
profit of better methods, and by them the general grower should be 
guided. The importance of the fruit industry in southern New 
England necessitates a better development of business methods in 
handling and marketing the crop, and there is already a very no- 
ticeable and commendable tendency to effect these ends. 

RELATION OF SOIL CHARACTERS TO CROP AND VARIETAL 
ADAPTATION. 

While the statement that “a given variety of apple, for the most 
successful growth within its general climatic region, requires a cer- 
tain kind or condition of soil” seems incontrovertible, inasmuch as 
it is so well substantiated by orchard results under a wide range of 
conditions, the reason why this should be so is not so easily stated. 
It seems to depend fundamentally upon the water-holding capacity, 
or rather the moisture coefficient, of the soil. The capacity of a soil 
to hold capillary water, which is the only kind plant growth can 
use, depends on (1) the soil texture (i. e., the size of the soil grain) ; 
(2) the soil structure or the grouping of these tiny grains into clus- 
ters, thus making it granular; (3) the amount of humus in the soil; 
and (4) the degree of soil tilth, which is a combined effect of the 
foregoing and tillage. 
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The film of moisture which surrounds every soil particle up to the 
point where saturation begins varies in thickness according to the 
amount of water contained at any particular moment by a given vol- 
ume of the soil. The soil-film moisture is removed, not by drainage, 
but only by transpiration through growing plants and by evapora- 
tion. As the last factor can be held under control to a considerable 
extent by the dust mulch system of crop cultivation, or by artificial 
mulches, the amount of soil moisture available to growing plants and 
trees depends upon the film moisture contained in the soil, and the 

amount of this depends in the first analysis upon the texture of the 

subsoil and to a lesser degree upon that of the surface soil. As every 
soil particle is surrounded by a film of moisture, it follows that the 
finer the soil the greater is the number of films, and likewise the 
greater the area or amount of moisture in a given volume of soil. 
Whitney+ found that the surface area of the soil particles in a 

cubic foot of the subsoil in the pine barrens land was about 24,000 
square feet, in silty and fine sandy river terrace subsoils the area was 
100,000 square feet or 23; acres, and in the much more clayey lime- 
stone subsoils 200,000 square feet. In commenting on this data, 
Wiley ? states: 

This great extent of surface and surface attraction gives the soil great power 

to absorb moisture, and thus the soluble mineral ingredients, of which most 

soils contain only a little, are held too closely to allow of rapid loss by drainage, 

and still sufficiently available to answer the needs of vegetation, provided the 

store is large enough. 

And again: 

The porosity of a soil depends upon the size of the soil particles (texture), 

the way in which these particles are grouped together (structure), and upon 

the space between the particles or groups of particles. If a soil be cemented 

together into a homogeneous mass, its porosity sinks to a minimum; if it be 

composed, however, of numerous fine particles, each preserving its own physical 

condition, the porosity of the soil will rise to a maximum. The porosity of a 

soil may be judged very closely by the percentage of fine particles it yields on 

mechanical analysis. A finely divided soil has a high capacity for absorbing 

moisture and holding it. The adaptation of a soil to different crops depends 

largely on the sizes of the particles composing it. 

This is illustrated in the case of a certain soil containing about 30 
per cent of clay, “which is strong enough and sufficiently retentive 
of moisture to make good grass land, but too close in texture and too 
retentive of moisture for the production of a high grade tobacco or 
to be profitable for market vegetables.” 

Cameron and Gallagher*® found that the optimum moisture con- 
tent—i, e., the particular content at which a given soil can be put into 

1 Whitney, Md. Agr. Expt. Sta., 4th Ann. Rept., p. 282. 

2 Agricultural Analysis, pp. 181-1382. 

2 Bul. 50, Bureau of Soils, U. S. Dept. of Agr. 
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its best possible condition for plant growth—varies widely with soils 
of different textures. In other words, from a given amount of rain- 
fall one soil is more capable than another of furnishing optimum 

moisture to a given crop. Frear* states that— 

Equally essential with the proper food supply for the growth of a crop are 

fitting temperature, moisture, and looseness of the soil for the root of the plant. 

While the soil temperature and moisture are strikingly affected by local climate, 

they depend also in very large measure upon the structure of the soil itself. 

If we could determine the structure of the soil accurately, we would probably 

be able ere long to make quite exact predictions as to the kinds and qualities of 

erops any soil whose structure was known could produce. * * * While no 

satisfactory means have been devised for determining soil structure with pre- 

cision, the size of the particles of which it is composed affords valuable indica- 

tions of its physical properties and especially of its moisture relations. Another 

important. function must be added: The soil largely modifies the climate to 

which the plant is exposed. We are accustomed to regard atmospheric condi- 

tions as most largely influencing the life activities of plants, but careful ob- 

servation has shown that within a wide range of temperature the warmth of 

the soil far more than the air determines the vigor of plant development. 

With tillage conditions equal, the thickness of the film of moisture 
around each grain of soil depends, on the one hand, upon the supply 
of ground water at any particular time, and on the other, upon the 
rapidity with which the film of moisture is being removed by plant 
rootlets. Amendments may be added to the soil in the form of lime 
and humus, which also affect in varying degree the amount of film 
water in the soil which is available to plant rootlets. But the plant 
food in the soil is obtained by growing plants only as it is dissolved 
in the soil film moisture, hence it is apparent that the distribution 
and consequent availability of the moisture is a matter of the utmost 
importance. 

Jeffery * found in his work on the water-holding capacity of soils 
that of water that was passed— 

Through 100 ounces of air-dry clay soil, 56 ounces were retained. 

Through 100 ounces of air-dry loam soil, 49 ounces were retained. 

Through 100 ounces of air-dry sandy soil, 36 ounces were retained. 

Through 100 ounces of air-dry muck soil, 170 ounces were retained. 

In the first three cases the differences are due largely to the size of 
the soil grains. In the fourth case the great capacity of the soil for 
water is due to the large amount of organic matter present, which in 
this particular soil was over 69 per cent. It is thus apparent 
that any marked increase in the water-holding capacity of any one 
of the three first grades of soil in the above experiment would re- 
quire some amendment, and for this purpose humus is the most 
efficient. In the case of the sandy soil, however, decayed organic 

1 Bul. 20, Pa. Agr. Expt. Sta. 

“Bul. 219, Mich. Agr. Expt. Sta. 
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matter would be required in such excessive amounts as to upset 
the equilibrium of the fruiting and vegetative habits of the tree; 
that is, the sandy soil would actually become so “mucky” as to 
give an excessive vegetative growth at the expense of fruit yield, 
and an important percentage of the fruit obtained would be de- 
ficient in color. Humus is, nevertheless, the most important factor 
or agent, as the case may be, in modifying the physical condi- 
tion of the soil mass so far as the mineral constituents are con- 
cerned. This it does by partly filling the spaces between the grains 
of sand, i. e., the coarse particles, and by holding apart the finer 
particles of clay. In these ways both sand and clay are made more 
loamy and favorable for plant growth. By increasing the num- 
ber of particles in a given volume of soil, by helping to group the 
soil particles into clusters, thus increasing granularity, and also by 
actual absorption of moisture, humus increases the moisture-holding 
capacity of the soil and likewise the availability of the mineral 
fertilizing constituents. 

To change, furthermore, by the addition of humus, the nigel 
condition of a sandy soil to a depth reached by tree race sufficiently 
to make its supply of available moisture the same as that of a 
heavier soil, such as a loam or a clay loam, is unquestionably an 
expensive process, even were it desirable; and orchards are grown for 
profit. Hence this phase of the whole problem is an economic one. 
It is good business to select soils naturally adapted to the different 
varieties, rather than to use soils that must be modified to make them 
suitable. 

Soils so deficient in humus as to be leachy in case of sands, or 
stiff, intractable, and cloddy in the case of clays, clay loams, and 
loams should have their humus content increased until these un- 
favorable conditions for crop growth of any kind be overcome so far 
as possible. But there are marked limitations even to this funda- 
mental kind of soil amendment, as it is not possible by the addition 
of plenty of humus so to change the physical and structural charac- 
teristics of a given soil that these inherent characters will become 
negligible so far as its adaptation to crops, or to different varieties 
of the same crop, is concerned. The agricultural practice of the 
eastern United States furnishes many examples of the special adap- 
tation of particular soils to crop varieties. 

In the Connecticut Valley of Massachusetts and Connecticut the 
physical character of the soil not only determines what specific crops 
shall be grown on the different types, but the adaptability of those 
soil types to such special crops has in turn been the principal basis 
of land valuation there for the last half century. The soils are all 
alluvial, and the variation in elevation is in no case more than a 
few feet. One of the sandy loams is the best type for the wrapper 
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leaf tobacco; hence a normal price for many years has been $150 to 
$200 an acre, though it is now considerably higher than that. It is 
also a good onion soil, but brings no more profitable returns from 
that crop than a loam which, under identical cultural treatment, 
gives a cigar leaf so much thicker and poorer in quality that no one 
longer persists in trying to grow tobacco on it. Hence a relative 
price for this soil type is $100 an acre where one location is in every 
way equal to the other. It should be noted, too, that the best of the 
tobacco lands contain 1.5 to 2.75 per cent of organic matter. Hence 
the natural adaptation of that soil does not depend, it need hardly 
be said, on an unusual organic content; neither may other soils of 
that locality, though just as favorable for the growth of cigar leaf in 

every respect save that of texture and structure, be so amended by 
the addition of humus as to produce leaf satisfactory in quality. 

Dr. Frear, in Bulletin No. 20 (above referred to), quotes Tscher- 
batscheff, a Russian tobacco specialist, who has studied with care 
tobacco culture in America, as follows: 

In Virginia and North Carolina the heavy or shipping tobacco is usually grown 

upon heavy loamy soils which for the most part have a red or dark brownish- 

red color and contain almost no humus. The tobacco of golden yellow color and 

pleasant aroma requires no thick layer of humus, so that for its culture * * * 

a sandy, or sandy loam, Soil is selected. 

The experience of growers is that this crop requires heat rather 
than moisture. In fact, in the presence of an excess of moisture it 
grows rapidly, the parenchyma thickens, and the leaf is larger, but 
at the expense of quality. Again, Mayor Ragland, of Virginia, is 
quoted as follows: 

A deep rich soil overlying a red or dark brown subsoil is best suited for the 

dark rich export type of tobacco. A gravelly or sandy soil with a red or light 

brown subsoil is the best adapted to the production of sweet fillers and stem- 

ming tobaccos. Alluvials and rich flats produce the best cigar stock. White 

Burley is most successfully grown on a dark rich limestone soil. For yellow 

wrappers, smokers, and cutters a gray sandy or slaty topsoil, with a yellowish 

porous subsoil, is preferable. The land must be loamy, dry, and warm, rather 

than close, clammy, and cold, and the finer and whiter the sand therein the 

surer the indication of its thorough adaptation to the yellow type. The soils 

so greatly affect the character and quality of the products that success is 

attainable only where the right selection of both soil and variety is made for 

each plant planted, and planters do well to heed this suggestion. Trial wili 

determine what variety is best for any locality, as no one variety is best for all 

locations. To plant varieties unsuited to the type or on soil unadapted thereto 

is to invite failure every time. 

In the rapid development of tobacco growing in Florida and 
near-by States during recent years soil selection has been one of the 
most important factors; indeed, within that very considerable dis- 
trict possessing a suitable climate soil selection has been of chiefest 



42 BULLETIN 140, U. S. DEPARTMENT OF AGRICULTURE. 

importance, and this phase of adaptation has been carried even to 
the point of breeding tobacco to. suit local soil conditions. 

The effect of soil influence on the quality and keeping characteris- 
tics of the particular variety of onion, Yellow Danvers, which has 
made the Connecticut Valley one of the leading centers in the United 
States in the production of this crop, also illustrates the :principle 
of soil adaptation to specific variety. Grown on the sandy loam 
above referred to the bulbs are hard, fine-textured, and unexcelled in 
quality. When grown on the loam of the same series the texture 

of the onion is coarser, the necks do not cure down as well, and the 
bulbs are softer; because of these characteristics the latter are less 
desirable for storage purposes, and their culinary quality is inferior. 
The factor of edibility is not of sufficient importance to make any 

general difference in the selling price, but the hard onions are always 
sought by buyers for storage purposes, and on this account bring the 
top quotation when the market is dull, and sometimes even an ad- 
vance price. When the crop moves slowly in the fall, moreover, 
the growers who store any part of their crop always select first for 
this purpose the hard onions. In actual practice this means those 
onions grown on the sandy loam soil. On heavier soils, with higher 
moisture content, the quality of the bulbs is correspondingly poorer. 

In southwest Minnesota a shallow glacial valley some 3 miles wide 
divides the upland prairie which extends for many miles in a trans- 
verse direction. The irregular valley walls range in height from 
15 to 30 feet or in some cases a little more. The valley soil is a clay 
Joam, richly charged with humus. It is suited to grass and other 
forage crops, but wheat runs heavily to straw, none of the grain 
grading above No. 2, while much of it is No. 8. Wheat from the 
gray clay loam to the west of the valley, where the growth of straw 
and the filling of the heads is well balanced, gives a high percentage 
of No. 1 grain. Grown on the brown loam east of the valley, the 
grade is about half No. 1 and half No. 2. These lands have been 
farmed only 30 to 40 years, hence they have never been dressed to 
any appreciable extent with yard manure or commercial fertilizers. 
The superintendent of the elevator at the county seat where most of 
the grain is sold claims that he can tell on which of these three soil 
types a farmer, unknown to him, lives by the way his wheat grades. 
However this may be, the influence of the soil on the quality of the 
same varieties of grain is effectively shown by the money returns at 
the elevator. 

In southeast Michigan the profit from sugar beets grown for the 
factory follows closely the character of the soil upon which the 
beets are grown. Beets from the light sandy soils have a high sugar 
content, with a high coefficient of purity, but the tonnage is relatively 
small. Moist, rich clay loams and loams yield a heavy tonnage, but 
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the sugar content is low and the coefficient of purity very unsatisfac- 
tory. The farmers’ goal is to secure the highest possible tonnage 
consistent with a high sugar content of satisfactory purity. This 
combination is best found there in a good strong sandy loam, under- 
Jain by a plastic light clay loam subsoil at a depth of 12 to 20 inches. 
Nearly as good is a deep, fine sandy loam extending to a depth of 
three feet or more. 

Sea-Island cotton took its name from being grown on islands along 
the coast of South Carolina. Its long beautiful staple is now secured 
in northern Florida and other Gulf States when grown on deep, fine- 

textured loamy sands similar to those of the sea islands which it 
made famous. But on the heavy soils, or even shallow sandy loam 
surface soils underlain by heavy clay loam, it does not succeed and is 
replaced by the short-staple varieties. 

In view of these definite cases in present agricultural practice, the 
different effects of varying amounts of soil moisture on soil tempera- 
tures and their apparent relationship to soil-crop adaptation is at 

least suggestive. 
The greater the amount of moisture in a given soil and subsoil the 

lower is their temperature in summer. Hence, the more moisture, 
the larger the quantity of heat required to raise the temperature to 
any given degree. The removal of drainage waters is followed by 
rise in temperature at any given depth below the surface. Conse- 
quently capillary rise of moisture from this lower supply tempo- 
rarily lowers the temperature of the layers of soil to which it 
ascends. The amount of capillary soil water held by the soil below 
the depth to which tillage has taken place does not in many cases 
depend primarily on the amount of humus in these lower layers of 
soil. A simple analysis of the case makes this point evident. When 
the forests were removed in the eastern States for crop planting the 
decaying roots left considerable amounts of humus to a depth of 
several feet. The depth varied greatly on different soils, because the 

different species of trees in the virgin forests showed very marked 
preferences for certain soil conditions. The local name “ black walnut 
land” is still used where that hardy tree grows, to indicate a heavy 
type of soil. In southwest Michigan this is the Miami clay loam. 
The hickory thrives in the northeastern States on the heavier soils. 
Both black walnut and hickory are deep-rooted trees. In the same 
region “ hemlock land” always indicates a sandy soil, and the hem- 
lock is not a deep-rooted tree. In the orchard districts of West Vir- 

ginia the leading peach growers will not tolerate “ white-oak land,” 
but a mixed growth of “rock oak and chestnut,” about one-third of 
the former and two-thirds of the latter, indicate a soil which has 

been instrumental in making one of the most famous fruit districts 
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in the world. The rock oak and chestnut growth indicates a soil 
somewhat stronger than that of chestnut alone, as a better supply 
of moisture is maintained; newly cleared, it is more productive, and 

even on old ground better results are secured from fertilization. The 
subsoil is finer textured, or more clayey, than the chestnut subsoils, 
but still is not so heavy as the white-oak soil. Yet on the latter some 
varieties of apples thrive. 

Carrying the matter of soil adaptation to the different varieties of 
oak a step farther, it is a matter of common observation that poor and 
thin soils often support only the dwarfish blackjack oak and the 
post oak. 

Shreve states in volume 3 of “The Plant Life of Maryland” that 

While the general distribution of the loblolly pine is determined by historical 

and climatic factors, yet its relative abundance at different localities within 

its area is determined by the character of the soil. * * * It is most 

abundant on light sands and on the Elkton clay. While these soils may seem 

to be very dissimilar in their relation to the movement of soil water, yet the 

texture of the latter causes it to hold to its stores of water so tenaciously that 

plants growing in it often suffer drought when there is an abundance of water 

within very short distance but firmly held by the capillarity of the fine soil. 

This statement indicates that this particular variety of pine 
flourishes on soils that furnish relatively small amounts of moisture 
to vegetation. In comparison, it may be commonly observed that the 
white pine flourishes best on heavy sandy loams and on very light 
mellow loams, soils on which the minimum supply of capillary mois- 

ture available to plants does not descend as low as with the loblolly 
pine soils. 

Since the time when the forests of the eastern States were first 
cleared away for crops, the most common rotation has been corn, 
oats, wheat, and grass. Clover has very often been seeded with the 
grasses. Potatoes, buckwheat, and garden crops have also been of 
importance. All of these crops have shallow root systems except 
clover, and possibly corn which may be classed as medium in root 
penetration. Not enough of the deep-rooted clover has been grown 
on many farms to keep up the supply of subsoil humus, in conjunc- 
tion with the humus supply of the surface soil—plant roots, stubble, 
and stable manure, which do not get below plow depth to any appre- 
ciable extent. This system of cropping with decreasing yields 
makes it apparent that the humus content of the subsoil on most 
farms has been for a long time at a minimum point. Were such a 
supply available to crops the average yield of corn would be much 
increased, and the greater amount of capillary subsoil moisture 
would in marked degree lessen drought injury to shallow rooted 
Crops. 
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It becomes evident then, that the capacity of a subsoil to furnish 
capillary or usable moisture to crops depends, under average condi- 
tions, primarily on the natural character of the subsoil itself, ¢. e., on 
the size of the soil grains, and that it is practically independent of the 
supply of humus. The supply of humus in the surface soil, on the 
other hand, greatly lessens the loss from evaporation and increases 
the moisture-holding capacity, both as referred to the rise of the 
capillary water and to light rainfall. Below the depth of a foot, 
moreover, surface heat penetrates very slowly. Hence, it is reason- 
able to suppose, in want of definite experimental data to prove the 
point, that the water-holding capacity of the subsoil, as determined 
chiefly by its texture, has’ an important bearing on the temperatures 
surrounding the roots of trees and plants. It is to be regretted 
that accurate experimental data are not available on thissubject. The 
extensive series of observations tpon soil temperatures at different 

depths, carried out in different parts of the United States and in 
foreign countries, have neglected to take account of the moisture 
content of the soil at various depths where the temperatures were 
measured. It is a well-observed fact, however, that in irrigated 
orchards any overirrigation prevents good color on either apples or 
peaches. 

Dr. D. T. MacDougal, in his research work for the Carnegie In- 
stitution, of Washington (1908), concludes that— 

The facts disclosed as to the actual temperatures in the soil, the diurnal And 

seasonable changes therein, lead to the belief that the differences in tempera- 

ture of the aerial and underground portions of plants can not fail to be of very 

great importance in the physical and chemical processes upon which growth, 

cell division, nutrition, and propagation depend. 

Desert soils have a low humus content, and, consequently, they 

offer excellent opportunity to observe the effects of variation in 
texture and structure of the mineral particles themselves. Eliminat- 
ing soils influenced by alkali, Dr. MacDougal remarks: 

On all other soils in which clay, loam, sand, or rocks predominate the fea- 

ture which has the greatest determining influence (on adaptation to plants) 

is that of the amount and disposition of the moisture. Many striking disposi- 

tions of the root systems are being discovered which can only be correlated 

with the moisture factor. 

E. S. Goff* adduces observations to show that the temperature of 
the water at the time it enters into the roots from the soil has some 
relation to the temperature of the stem of the plant for a short dis- 

tance above the surface soil, and that the distance up the stem to 
which this temperature is felt depends upon the rapidity of the flow 

1 Agr. Sci., Vol. I, p. 134, Bul. 36, U. S. Weather Bureau. 
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of the sap and, therefore, ultimately on the rapidity of transpiration 
from the leaves. And again: 

A warm summer is always accompanied by a high temperature of the ground 

or by a rise of its temperature. The increase is the more decided the more the 

excess in the temperature of the air is accompanied by a large quantity of rain 

or has been immediately preceded by it. In warm and comparatively dry sum- 

mers the rise of the earth’s temperature does not perceptibly exceed the 

normal. * * * The dampness of the soil is sufficient to allow the variations 

in the temperature of the air in winter and spring to exercise a decided influence 

upon those of the soil, whereas, in summer an excess of rain would be necessary 

to accomplish this, and that, too, to a greater degree if the soil be covered with 

vegetation. 

Quetelet, as far back as 1849, in his “Climate of Belgium,” ex- 
pressed regret that he had been unable in his crop-climate studies to 
consider the influence of the temperature of the soil, although “it 
is absolutely necessary so to do in order to treat the phenomena of 
vegetation in a complete manner.” 

Mr. Knight? has observed that “varieties of the same species of 
fruit tree do not succeed equally in the same soil, or with the same 
manure,” and further, that this applies to the peach, pear, and apple, 
“as defects of opposite kinds occur in the varieties of every species 
of fruit, those qualities of soil which are beneficial in some cases will 
be found injurious in others. In those districts where the apple and 
pear are cultivated for cider and perry, much of the success of the 
planter is found to depend on his skill or good fortune in adapting 
his fruit to his soil.? 

McClatchie and Coit,’ in discussing varieties, state that— 

The same variety reacts very differently to the various stimuli produced by 

different environments. Hence, we arrive at the commonly held and correct 

idea that each climatological area has its own peculiar set of varieties which 

succeed best under its own climate and soil conditions. 

Hence it follows that the supply of soil moisture available to plants 
and the temperature of the soil to depth equaling or exceeding that 
of the root zone of plants and trees, seem to account in part at least 
for the phenomena of the soil-varietal adaptations. These two fac- 
tors constitute the soil climate and in subsoils they are governed 
indirectly but chiefly by the texture and structure as related to the 
moisture supply. In the surface soil these have been or may be modi- 
field to some extent by the addition of humus, but the latter influence 

is entirely insufficient to control the matter of inherent adaptation 
of soil types to crops, or to different varieties of the same crop. 

It is evident, then, that many of our crops bear testimony, both from 
experimentation and from well-established agricultural practice, to 

1Lindley’s Theory of Horticulture. 1841, Chap. 20. 

2 Bul. 61, Arizona Agr. Expt. Sta. 

? Trans. Royal Hort. Soc., I, 6. 
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the influence of the soil factor, not only upon general crop production 
but also to some extent distinctively upon the different varieties of the 

same crop. 

THE ADAPTEDNESS OF SOILS TO DIFFERENT VARIETIES OF . 
APPLES. 

The character of the soil is only one of several factors that in- 
fluence orcharding or other crop growth, and its importance in rela- 
tion to the other agencies of climate, including temperatures, ex- 
posure, rainfall, surface drainage, etc., should not be overestimated. 
If, for example, the climatic conditions in any district are not favor- 
able for a given variety, the character of the soil is of no importance 
to the practical grower unless it serves to offset in some degree the 
unfavorable tendency of the local climate. It is only within the 
climatic limits which favor a given variety that its behavior as in- 
fluenced by the character of the soil may be studied. In like manner, 
surface drainage must be adequate, the water table far below the 
surface, and the exposures identical, or approximately so, before 
soil comparisons of value may be drawn. Apples ripen a bit later 
upon a northerly slope than on a southern one, the elevation, cultiva- 
tion, fertilization, the soil, the age of trees, etc., being the same; but 
an earlier soil on the north side of the hill, such as a sandy loam, may 
mature fruit as early as a heavier soil on the south side, though most 
of these differences are comparatively slight. 

The necessity for good depth of subsoil can not be emphasized 
too strongly. This applies to every variety of apple or other tree 
fruit and to every type of soil in every series. Shallow soils should 
be assiduously avoided for orchard purposes wherever they occur. 

The presence of unbroken rock, large ledges, or hardpan within 3 
feet of the surface should be considered prohibitive. A soil depth 
of at least 6 feet should be insisted upon wherever possible and an 
even greater depth is highly desirable. Soils with the underlying 
rock too near the surface have been responsible not infrequently for 
the failure of commercial orchards in some sections of the country. 
This is due directly to the incapacity of the subsoil, on account of 
its limited depth and volume, to store sufficient moisture for the 
tree’s needs when droughty conditions prevail or to get rid of excess 
moisture early enough in the spring or following extended summer 
rains. Subsoils devoid of stones are not infrequently found that are 
so clayey in texture or so stiff in structure as to produce results similar 
in kind even though usually less in degree. 

If, on the other hand, soils and subsoils of the proper texture and 
structure have been selected, the presence of loose stones in the subsoil 
in distinction from underlying rock is immaterial so long as their 

quantity is insufficient to interfere to any great extent with the up- 
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ward capillary movement of moisture. When soils have been chosen 
to advantage with a view to their adaptation to any given crop there 
is no virtue, it may be repeated, in the presence therein of stones, 
popular opinion as often expressed with regard to tree fruits notwith- 
standing. This fact may be no better demonstrated possibly than 
by some subsoils which are so clayey and stiff that they would have 
little value for tree fruits were it not for the presence of stones which 
in part offset their excessive compactness. Such a subsoil condition 
may make it feasible to plant an area that otherwise would be im- 
practicable. But it is a difficul€é condition to determine; in most 
cases it is an unwise risk to run; and, furthermore, the soil and sub- 
soil section should be of such character with regard to both texture 
and structure that no stones are needed to render them sufficiently 
pervious for the satisfactory movement of capillary moisture. 

The common statement that stones conserve moisture in the soil, 

as is “ proved” by its condensation on the underside of stones in 
its upward movement from the subsoil toward the surface, is very 
misleading. Granting that moisture is conserved to the extent of 
the area of the dimensions of the stones, the amount so controlled 

is not sufficient to render cultivation unnecessary for the conserva- 
tion of more moisture, hence the dust mulch is still necessary to 
accomplish this end in cultivated orchards. In uncultivated or- 
chards, where mulching is effectively practiced by hauling in rela- 
tively large quantities of material from outside the orchard, the 
presence of stones on or near the surface is usually of some assist- 
ance in conserving moisture, and this advantage is increased as the 
effectiveness of the artificial mulch (because too little in quantity) 
decreases. Stones are of most assistance in conserving moisture in 
neglected orchards where neither cultivation nor mulching is prac- 
ticed, but even in this case the benefit 1s negligible. 

The term hardpan is in common use to designate a subsoil con- 
dition which delays the ready percolation of moisture. Its common 
use, however, has led to marked misunderstanding at least in the 

eastern States, as it unfortunately includes everything ranging from 
true hardpan to a clay loam which may constitute a desirable sub- 
soil for orchard purposes. A true hardpan consists not of a sub- 
soil containing sufficient clay to make it retentive of moisture, but 
of a mixture of sand, gravel, silt, and clay with more or less cement- 

ing material which so binds these ingredients together that the move-, 
ment of soil moisture either downward cr upward is seriously, _im-, 
peded; or a hardpan may consist of a thin layer of mineral matter. 
formed by deposition of salts of iron, lime, or other minerals in’ 
solution after the formation of the soil or during the process. ? Such’ 
conditions within several feet of the surface are very undesirable. 
They sometimes occur in both Massachusetts and Connecticut, 
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FITCHBURG, MASS. 

SIx-YEAR-OLD BALDWIN ON GLOUCESTER STONY LOAM, CARRYING A GOOD Crop. 
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tee aes 
A SPRAY OF TREE IN PLATE X, SHOWING POSSIBILITIES OF FRUIT GROWING IN THE EAST. 
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though somewhat more extensively in the latter State. The percent- 
age of such hardpan areas is not great. It is probable that they may 
be remedied by dynamite used in sufficient quantities to break up 
the hardpan effectively, this to be followed and supplemented by 
the use of deep-rooted leguminous cover crops to keep the shattered 
hardpan friable, but until the price of naturally good orchard land 
in the East is much higher than now it is unquestionably better eco- 
nomics to select soils which do not need the dynamite treatment to 

render them fit for planting fruit trees, 
In a given block of orchard where a layer of hardpan is found at 

depths ranging from 15 to 30 inches, careful records for a number of 
years indicate that poor color with both Baldwin and Northern 
Spy is characteristic. In other cases, not alone in Connecticut, 
Yellow Bellflower is usually knotty when grown on hardpan soils. 

In several orchards with surface soil of Gloucester loam but un- 
derlain in places with hardpan at depths of 18 to 24 inches and com- 
bined with a somewhat retentive subsoil, it is found impossible to 
grow Baldwin with good color if the orchard is cultivated. The 
character of the deep-soil section is such that the soil would be 
classed as somewhat moist, better for grass than for corn or potatoes, 
and so less conducive to good color of Baldwin than a soil less moist 
and warmer. This the owner wisely recognizes and so keeps his 
orchard in sod and removes the hay—a method usually condemned 
and properly so—but in this case well adapted to the conditions, for 
by transpiration of moisture through the grass plants the excess of 
soil moisture is reduced, thus making the soil warmer, and while 
the fruit is dark and dull colored at harvest time it reaches a beau- 
tiful color in midwinter, the flavor is well developed, the texture 
fine, and the keeping qualities remarkably good. 

This case is mentioned in some detail because it illustrates so aptly 
the fact that cultural methods should always be flexible rather than 
absolute, and so fit the soil conditions of the individual orchard. 
If the soil is too retentive of moisture, evaporation should be hastened 
by noncultivation and also, if necessary, by transpiration through 
growing acrop. If the soil tends to dry out too quickly, cultivation 
should be frequent and a good supply of humus maintained to con- 
serve the moisture. While such manipulation of method to suit the 
circumstances in the individual orchards should constantly be made 
use of, it has its limitations and does not do away at all with the de- 
sirability of selecting the soils best adapted to the individual va- 
riety; that is, those soils which will require a minimum of manipula- 
tion to effect the best soil environment. Such soil adaptation serves 
as a guidance, furthermore, to the moisture requirements of the 

55570°—Bull, 140154 
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different varieties, and so to the character of cultivation the differ- 

ent varieties should have. 
Orchard fruits differ from annual crops in that they occupy the 

ground for a long term of years and are subjected to climatic con- 
ditions for 12 months in each year, and the transition periods from 
active to dormant in the fall, and especially from dormant to active 
in the spring are not infrequently a severe test upon the trees. It 
may be said, however, that the best results from orcharding are 

obtained only when all contributing influences are favorable.. The 
soil, which is one of these, is the subject of this report, and a dis- 
cussion of the other factors mentioned is not within its province 
except as their relationship to the soil 1s involved. 

The condition of tree growth and fruit yields in large numbers 
of orchards makes it evident that soils for any kind of orchard plant- 
ing should at least be deep, well drained and friable, yet not so 
porous as to be droughty. For the red varieties in New England 
both soil and subsoil should also be well oxidized as indicated by 
brown or yellow solid colors or possibly grayish-brown rather than 
by light-gray or mottled colors. The last especially should be 
avoided if possible. It may be added that it is not difficult to select 
upland soils in the States under discussion that are free from mot- 
tling, are well oxidized, deep, and located on well-rounded hills and 

gentle slopes where the processes of orchard practice are not unduly 

expensive. These soils are also of diverse mineral composition, and 
respond well in most cases where sufficient humus is supplied. 

The ratio of leaf transpiration on pruned and unpruned trees to 
the moisture-holding tendency and moisture-furnishing capacity of 
the soil also adds greatly to the complexity of the problem of sepa- 
rating the influence of the soil factor upon varietal adaptation from 
the influence of other factors of environment known to bear upon 
varietal behavior. The physical limitations to be encountered in an 
endeavor to determine accurately this relationship postpones its solu- 
tion to the indefinite future. So far as this investigation goes the en- 
deavor has been to balance or to eliminate this factor of influence by 
the consideration of a large number of cases, but this, of course, only 

reduces the problem in the final analysis to one of individual judg- 

ment and leaves the actual problem for future investigation. 
The discussion of the adaptedness of soils to varieties is based in 

part on the investigational work of the writer for several years past, 
as well as on the work of 1911 in Massachusetts, and 1912 in Connecti- 

cut. During the course of the field work it has been possible to ob- 
serve the behavior of varieties under a wide range of soil,and other 
conditions influencing apple production and meanwhile to gather 

much data from the experience of a great number of orchardists and 
farmers. Consistently has the attempt been made to check all such 
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material by personal observation, likewise to study in a comparative 
way, as fully as circumstances would permit, the external appearance, 
the keeping character, the dessert and the culinary qualities of the 
fruit itself as affected by soil differences. The reader should keep 
ever in view the fact, however, that the soil is not the sole factor, but 
only one of several factors which together determine the adapta- 
bility of any given site to the different varieties of apples or of other 
tree fruits. It is perhaps needless to mention the difficulty of distin- 
guishing the influence of the soil from various associated factors of 
climate, and it is fully realized that the data presented is not only 
very incomplete, but that much further study of the subject is needed. 

CLASSIFICATION OF SOILS. 

The classification of soils into groups by some arbitrary standard 
is not difficult, but it is no easy task for one unfamiliar with the 
process of such separations to make them fit the unmapped soils of 
a given farm. ‘The many individual conceptions of a sandy loam 
may differ materially from the place in any definite classification 
scheme where it properly belongs. But this in no way lessens the 

necessity for a uniform plan for the grouping of soils, and in view 
of present knowledge the following plan has been adopted by the 
Bureau of Soils as the most logical. 

The sands group? is classified as coarse, medium, fine, and very 
fine. The name implies that the subsoil as well as the surface soil 
consists of sand. A sand soil type usually contains as many as three 
of these grades and sometimes all four, but the predominating grade 
determines the type name—as a fine sand. 
When enough of the finer particles, clay, silt, or both, are included 

with the sand to make the soil somewhat coherent and loamy, or, as 
often expressed, “to give it more body,” the type is a sandy loam. 

1A key to the soil terms used appear in the following table: 

Soils containing less than 20 per cent siit and clay: 

Coarse sand_____-_ Over 25 per cent fine gravel and coarse sand and less than 50 per 

cent any other grade. 

Sandee seis Over 25 per cent fine gravel, coarse and medium sand, and less than 

50 per cent fine sand. 

Fine sand_—_____- Over 50 per cent fine sand, or less than 25 per cent fine gravel, 

coarse and medium sand. 

Very fine sand____Over 50 per cent very fine sand. 

Soils containing 20 to 50 per cent silt and clay: 

Sandy loam_____~ Over 25 per cent fine gravel, coarse and medium sand. 

Fine sandy loam__Over 50 per cent fine sand, or less than 25 per cent fine gravel, 

coarse and medium sand. 

Sandyiclay——— == ~~ Less than 20 per cent silt. 

Soils containing over 50 per cent silt and clay: 

TOO fz) 06 eee ea Less than 20 per cent clay, less than 50 per cent silt. 

Siligloames = as. Less than 20 per cent clay, over 50 per cent silt. 

Clayloam===22==- 20 to 30 per cent clay, less than 50 per cent silt. 

Silty clay loam___.20 to 30 per cent clay, over 50 per cent silt. 

Clays eis ees Over 30 per cent clay. 
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If most of the sand is fine, rather than medium or coarse, the type 
is a fine sandy loam. When still more of the clay and silt are 
included, so that the proportions of sand and fine material are about 
equal, thus obscuring largely the grittiness of the sand, the soil is 
a loam. 

When the clay and silt particles predominate only the fine grades 
of sand are usually present. If the silt grade is most abundant the 
soil is a silt loam. If clay is greatest in amount, the soil is a clay 
loam. And if the exceedingly fine clay particles constitute more than 
30 per cent of the soil mass, the type is a clay, the other 70 per cent 
being primarily of silt and very fine sand. A soil containing as much 
as 50 per cent clay is very “heavy,” while those containing 60 to 70 
per cent, as along Lake Superior and Lake Champlain, are exceed- 
ingly stiff and hard to work. 

The classification in the above table refers to surface soils. Where 
surface soils differ materially in color, as red and yellow, even though 

derived from similar geological materials, as the Wethersfield and 
the Middlefield soils, they are placed in different series. If two 
identical surface soils are underlain by subsoils, one of a sandy 
nature and the other clayey, they also are, or should be, placed in 
different series, as the light and heavy subsoils of the Gloucester 

series. If two soils and subsoils are identical in texture and color, 
but differ in the character of the geological material from which 
they are derived, as limestone and granite, they are placed in dif- 
ferent series, to wit, the Dover and the Gloucester series. These 
distinctions all lie within a given soil province such as New England, 
or the Atlantic Coastal Plain, the Appalachian Mountains and 
valleys, etc., but on account of differences in climatic and consequent 

cropping characteristics the same series name. is not used in two 
soil provinces, even though the soils are similar in color and deriva- 
tion. This is illustrated in the Southern States by the Cecil and the 
Porters soils, the former occurring in the Piedmont Plateau and the 
latter in the Appalachian Mountains division. 

In the Gloucester series loams and fine sandy loams are the pre- 
dominating soil types in Massachusetts and Connecticut. Fine sand 
is next in importance, and on Cape Cod it is the most prevalent type. 
True clays and heavy clay loams do not occur. Even light clay loams 
are uncommon, heavy loams and silty loams constituting the heavy 
soils of the region. In the Wethersfield and Middlefield series the 
silt loams and the fine sandy loams are the most important types, 
though there is considerable loam and a little sandy clay. 

SOILS FAVORABLE FOR THE BALDWIN. 

If soils are thought of as grading from heavy to light, corres- 
ponding to the range from clay to sand, then soils grading from 



SOILS OF MASSACHUSETTS AND CONNECTICUT. 58 

medium to semilight apparently fulfill best the requirements of the 
Baldwin, particularly under a system involving such average cul- 
tivation as is usually practiced in commercial plantings. Following 
definitely the classification standards of the Bureau of Soils with 
reference to the proportions of clay, silt, and sands, this grouping 
would include the medium to light loams, the heavy sandy loams, 
and also the medium sandy loams provided they were underlain by 
soil material not lighter than a medium loam nor heavier than a 
light or medium clay loam of friable structure. 
From this broad generalization it will be seen that the surface 

soil should contain an appreciable amount of sand. ‘The sands, more- 
over, should not be of one grade—that is, a high percentage of coarse 
sand would give a poor soil, whereas a moderate admixture of it with 
the finer grades of sand, together with sufficient clay and silt, would 
work no harm. In general, the sand content should be of the finer 
grades, but soils also occur, though comparatively rare, which would 
be too heavy for this variety were it not for a marked content of the 
coarse sands, the effect of which is to make the soil mass much more 

friable and open than would be expected with the presence of so 
much clay. Such conditions occur in parts of Perry County, Pa. Soil 
types having characters as above described dry quickly after a rain, 

and are not to be classed as moist soils. They will never clod if 
worked under moisture conditions that are at all favorable. The 
subsoil on the other hand must never be heavy enough to impede 
ready drainage of excess moisture, and it should be sufficiently clayey 
to retain a good moisture supply—that is, plastic, not stiff. If the 
subsoil be so clayey or heavy that moisture does not percolate down 
through it readily, or if the same result is caused by hardpan, a 
Baldwin of poor color with a skin more or less greasy is the usual 
result. The best results are secured, other circumstances being equal, 
from warm and “kind” yet not too sandy soils. Such soils can be 
so managed as to secure a sufficient but not excessive vegetative 
growth, the proper balance between it and the growth of fruit being 
readily maintained, a condition necessary to produce the best devel- 
oped and highly colored fruit. 
On heavy loams where Baldwin matures slowly, and is dark and 

dull at harvest time, the fruit sometimes possesses unusually good 
keeping qualities, and in some cases the color develops satisfactorily 
by midwinter. For storage such fruit is excellent. 

Another unfavorable soil condition was noted in several instances 
in both Connecticut and Massachusetts. It is well illustrated in 
an orchard where the cause of the unsatisfactory color of fruit is 
due doubtless to the condition of the surface soil rather than to the 

subsoil which is a well-drained yellow to light-brown friable loam or 
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light clay loam. The surface soil is dark-brown to grayish-brown 
heavy loam more retentive of moisture than the subsoil. Such a 
soil is better for Gravenstein or Fall Pippin. 

The Bernardston soils are not quite so good a as the Gloucester for 
the Baldwin and similar red varieties of apples because the fruit 
matures later and, under the climatic conditions which obtain where 

these soils are found, tends to a deficiency in color. On the basis of 
comparisons with similar soils in Connecticut this deficiency seems 
to be even more marked with peaches. The Rhode Island Greening 
is well grown, however, on these soils. 

The apparent ideal to be sought is a heavy, fine sandy loam, or 
hght mellow loam, underlain by a deep subsoil of plastic light clay 
loam or heavy silty loam. It is fully realized that many will not 
possess this ideal, but the soil that most closely resembles it should 
be chosen. If corn be grown on such soil the lower leaves will cure 
down in an average season before cutting time, giving evidence of 
moderately early maturity. This is one of the safe criteria by which 
to be guided in choosing soil for this variety in the New England 
section. Typical Gloucester loam conforms ideally to the above con- 
ditions and characteristic growth of the Baldwin on this soil at both 
low and high altitudes—50 to 1,000 feet—is shown in Plate X to 
XIV, inclusive. 

Mercion was not made in the above description of the color of the 
soil. The desirability of a surface soil of dark brown, the color being 
due to the presence of decaying organic matter, is unquestionable 

and generally recognized, and if the soil be not that color the suc- 
cessful orchardist will so make it by the incorporation of organic 
matter through the growth of leguminous crops or otherwise. It 
is often cheaper to buy soil with a good organic content or humus 
supply than it is to be compelled to put it there after purchase. 
Hence, this is purely an economic feature. The warning should be 
stated, however, that a soil should not be purchased or planted to 
apples of any variety because it is dark colored and rich in humus. 
Both soil and subsoil should be selected because of their textural and 
structural adaptation regardless of the organic content. Then if such 
soils happen to be well supplied with vegetable matter so much the 
better; if not, it may be supphed. 

To modify, by the addition of humus, the physical condition of a 
sand until it resembles a sandy loam as far down as tree roots ordi- 
narily extend, is unquestionably an expensive process, and as or- 
chards are grown for profit the soils on which they are to be planted 
should be so selected for the different varieties as to furnish the 
most favorable conditions possible before going to the additional 
expense of trying to change their character artificially. 
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While soils so deficient in humus as to be leachy in the case of 
sands, and stiff, intractable, and cloddy in the case of clays, clay 
loams, and loams, should have their humus content increased until 
these unfavorable conditions for crop growth of any kind be over- 
come as far as practicable, it is impossible to ignore the effects of the 
inherent physical character of the soil itself as related to adaptation 
to crops, and, in some cases at least, varieties of the same crop. It 
is easily possible, furthermore, on soils of medium texture, especially, 
so to accentuate the vegetative habit of the Baldwin that the color 
of the fruit becomes impaired. In current orchard practice this is 
a common occurrence which growers seek to overcome by withholding 
ammonia-carrying fertilizers, by checking tillage, and by avoiding 
humus-forming cover crops. It lowers cost of production to let 
nature help as much as possible. 

In both States nearness to salt water is sometimes suggested as a 
cause for deficient color of red apples, especially the Baldwin; and 
while sufficient evidence is not at hand to refute the statement com- 
pletely, it is apparent in many cases that the difficulty is chiefly one 
of impervious subsoil. Low elevation is also a factor in some in- 
stances. In the Connecticut Valley, for example, 35 miles from the 
Sound shore, Baldwins do not color satisfactorily, even though the 
soil is favorable. At the highest altitudes in northern Berkshire and 
Franklin Counties, Mass., and farther north in Vermont, Baldwin 
shows a tendency to become slightly constricted and ridgy at the 
calyx end. It was not as plump in the season of 1912, at least, as 
at altitudes of 1,000 feet. The minimum elevation where this effect 
was noticeable in 1912 was around 1,200 feet, while at 1,600 feet, 
along the Vermont line, the tendency was more pronounced. It may 
be added, too, that the variety becomes more susceptible to winter 
injury at about this same point, thus suggesting proximity to those 
climatic conditions where Baldwin should be replaced by the 
Fameuse and McIntosh or others of the Fameuse group. As one 
drives in this locality from characteristic Baldwin territory through 
the transition zone to higher altitudes, where this variety no longer 
develops to its best, it is most interesting to note corresponding 
changes in the natural forest growth, and in the varieties of farm 
crops. With increasing elevation these changes are first noticed on 
exposed and wind-swept areas, where apple trees lean away from the 
direction of the prevailing winds. A given variety of flint corn be- 
comes more dwarfed than at lower elevations. The hem!ock, which 
prevails at 1,000 feet, gives way to spruce in protected situations, 
while the high ground, which is more exposed, is occupied with a 
much larger percentage of the hardwoods—beech, maple, black, and 
yellow birch. 
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While the hills of Massachusetts and Connecticut include a great 
deal of ideal Baldwin soil, or soil that resembles the ideal closely 
enough for practical purposes, they also include a great deal of soil 
that is not so well adapted to the Baldwin. The greatly superior 
color of the fruit from some orchards on mellow, friable loams, 
when compared with that from others on a more retentive kind of 
soil and subsoil—certain clay loams of the same series or moist 
loams of a different series—elevation, slope, methods of culture, and 

fertilization being virtually the same, gives striking evidence of the 
importance of the soil factor. On just this basis the fruit from 
some orchards sells for a higher price than that from others. This 
illustrates the economic advisability of selecting the orchard site 
with soils adapted to the variety to be planted. 

SOILS FAVORABLE FOR THE RHODE ISLAND GREENING. 

As the best prices for the Rhode Island Greening are usually 
obtained in New York City the majority of commercial growers 
have aimed to meet the preference of that market. The demand 
there for a “green” Greening has usually been stronger than for 

one carrying a high blush; and while individual buyers may be 
found, it is said, who do not discriminate against the latter, many 
of them do. Not infrequently the “green” Greening brings a pre- 
mium of 25 cents or more a barrel over the “blush” Greening. Of 
even more importance sometimes is the fact that a “ green ” Greening 
will move on a slow market when a “blush” Greening fails to do so. 
There is also a trade objection to the “blush” Greening from the 
fact that the consumer is rarely able to distinguish it from Mon- 
mouth, a red-cheeked green apple, which does not serve at all well 
the purpose for which the Greening is usually bought. In view of 
these trade conditions the writer has especially sought those soil 

characteristics which best contribute to the production of a “ green” 
Greening, and in previous writings or in meetings addressed, the soil 
adaptations for the Rhode Island Greening have been described with 
the green type of apple as the standard sought. Bearing this ideal 
in mind, the soils adapted to this variety are distinct from the 
Baldwin standard. A surface soil of heavy silty loam or light silty 
clay loam underlain by silty clay loam excels for the “ green” Rhode 
Island Greening. Such soil will retain sufficient moisture to be 
classed as a moist soil, yet it is not so heavy As ever to be ill-drained 
if surface drainage is adequate. The soil should be moderately rich 
in organic matter, decidedly more so than for the Baldwin. In 
contrast to the Baldwin soil in the growth of corn, it should keep the 
lower leaves of the plant green until harvesting time, or at least until 
late in the season. Such soil conditions maintain a long seasonal 
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growth under uniform conditions of moisture and thus produce the 

firm yet crisp texture and the remarkable juiciness for which this 

variety is noted. 
A dealer in cider apples who has bought the fruit from two 

orchards on the same farm in northeastern Massachusetts for many 

years testifies that the apples from the orchard with subsoil of heavy 

loam to clay loam yield from 5 to 7 per cent more juice than apples 

from the orchard on sandy soil and subsoil. On the State farm at 
Bridgewater, Rhode Island Greening is very successfully grown on 
a rich, heavy loam from 10 to 16 inches deep. The fruit is large 

and is said to keep well until January in common storage. On the 
sandy soils in the same region it is usually described as a fall apple. 
Tf a high blush is desired, however, to meet other market require- 

ment, a soil somewhat warmer than that described should be se- 

lected—a deep, light, mellow loam or productive fine sandy loam 
being favorable. To secure a “finish” of this character, soils 
approaching more nearly to the Baldwin standard are best adapted. 

Plate XV shows Rhode Island Greening on heavy Gloucester 
loam. Fruit is large and green. Plate XVI shows a tree yielding 
heavily at six years of age on Wethersfield loam—a soil somewhat 
lighter than the Gloucester loam in the preceding plate. 

In northwestern Massachusetts on the heavy phase of Gloucester 
loam Rhode Island Greening bears heavily. The fruit is firm in 
texture, of excellent quality, and keeps well until late winter. The 
blush is usually well developed. The variety is highly profitable in 
this locality, but the call for red apples among the buyers who come 
there is so strong that no Rhode Island Greenings are included in 
the younger plantings. 

The loam and silt loam of the Bernardston series of the Western 
Highlands are also especially well adapted to the Rhode Island 
Greening, giving greener fruit than the Gloucester loam. 

In eastern Massachusetts the variety drops from the trees earlier 
than in the western part, but this is undoubtedly due largely to the 
difference in elevation. This tendency would doubtless be retarded 
somewhat by planting on heavier soils. 

In southern Connecticut and somewhat farther north in the Con- 
necticut Valley, Rhode Island Greening is generally found less 
‘satisfactory than in Massachusetts. In many cases the fruit is not 
a deep, dark green even at harvest time, but rather a pale green, with 
sometimes a suggestion of yellow. As the fruit ripens it rapidly be- 
comes more yellow and the apple is much less desirable than that 
grown in western Massachusetts or at good altitudes in Litchfield 
County, Conn. The flavor is not well developed, the texture is not 
as fine, and the keeping quality is poorer, most of the fruit being 
consumed before New Years. In fact, the variety as grown in south- 



58 BULLETIN 140, U. S. DEPARTMENT OF AGRICULTURE. 

ern Connecticut, even on soils adapted to it, is not as well developed 
as that from the northern half of the Connecticut Valley in Massa- 
chusetts, notwithstanding the low elevation there. Evenin Litchfield 
County, in orchards well cared for, Rhode Island Greening has not 
in some cases given yields sufficiently large to make it as profitable as 
Baldwin. These various limitations indicate that Rhode Island 
Greening is more restricted in its range of adaptation than the 
Baldwin, and that it does not adapt itself to climatic conditions as 
far south as the Baldwin, even though suitable soils occur there. In 
fact, its southern boundary may be roughly estimated at 0.25° north 
of the forty-first parallel. South of that it becomes a fall apple and 
keeps very poorly. : 

SOILS FAVORABLE FOR THE HUBBARDSTON. 

Compared with the Baldwin soil requirements, the heaviest soils 
desirable for the Hubbardston lap over for a little upon the hghtest 
soils desirable for the Baldwin, while at the other extreme the Hub- 
bardston will utilize to advantage a more sandy soil than most other 
varieties of New England. This does not mean that it will succeed 
on poor light sands, for on such soils the apple will not attain suffi- 
cient size to be of value, nor is the tree vigorous enough; but the soil 
should always be very mellow. <A rich, fine sandy loam to a depth 
of at least a foot is preferable, and the subsoil well may be of the 
same texture. The Hubbardston does remarkably well on a rich 
fine sandy loam in the Connecticut Valley in Massachusetts where 
fertilized highly enough for tobacco, onions, or garden crops. The 
fruit is of good size, well colored, and with good keeping qualities. 

Baldwin grown alongside is poorly colored and inferior in both 
flavor and keeping quality, yet on the same soil where the humus con- 
tent is lower, and the soil less rich, the fruit is much better in all 
these respects. This warrants the conclusion that on this soil humus 
and nitrogen-carrying fertilizers may easily be supplied in too great 
amounts for the Baldwin, and that Hubbardston can use more of 

them to advantage than Baldwin. This indicates relative soil con- 
ditions for these varieties, and, to some extent, fundamental soil 
selection also. A subsoil containing enough clay to make the fine 
sandy material somewhat coherent, or sticky, is not objectionable for 
Hubbardston, but there should never be enough clay present to 
render the subsoil heavy. If the soil is tco heavy or too clayey the 
fruit is liable to have a greasy skin and a deficient color, the fruit 
tends to be small and the flavor is insufficiently developed. This last 
tendency was very noticeable in 1912 in an orchard which receives 
good treatment but is underlain with hardpan at depths ranging 
from 18 to 24 inches. In 1912 the color was good, but the owner 
stated it also to be deficient in normal seasons. The light phase of 
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the Gloucester loam gives much better resuits with Hubbardston 
than the heavier subsoil phase but this variety is not commercially 
popular in the eastern half of Massachusetts where so much of the 
lighter phase occurs. Neither does it do well on the Gloucester soils 
of Northwest Massachusetts where the elevation is 1,000 feet or more. 

In one Essex County orchard, Hubbardston is excellent as grown 
on a surface soil ranging from heavy fine sandy loam to light loam 
with subsoil of fine sandy loam (Gloucester fine sandy loam). ‘There 
is good local elevation, though the orchard is shghtly less than 100 
feet above sea level. The productivity of the land has been well 
maintained, so in this respect it may be compared with the Con- 
necticut Valley soils mentioned. Stable manure has been the prin- 
cipal fertilizer, and the orchard is fenced and used as a poultry 
yard. The number of hens is not sufficient to prevent some growth 
of grass. Until a few years ago, wood ashes were applied in small 
amounts. The trees show a thrifty growth, and the fruit keeps well. 
The color of the fruit is said to be superior to that from trees on a 
heavier soil in another part of the same orchard. 

In most places in Connecticut, and especially in the southern part, 
the Hubbardston is not held in high esteem, and it seems not as 
well grown as farther north in Massachusetts. 

Sutton (Beauty) is adapted, so far as we have been able to 
observe, to about the same range of soils as the Hubbardston. In 
the town of Sutton where it originated, and in the surrounding 
section, it seems especially promising on the Gloucester fine sandy 
loam. Sufficient plantings have not been found, however, for 
adequate comparison on a commercial scale. 

SOILS FAVORABLE FOR THE NORTHERN SPY. 

This variety is one of the most exacting in soil requirements. To 
obtain good quality of fruit—i. e., fine texture, juiciness, and high 
flavor—the soil must be moderately heavy, and for the first two 
qualities alone the “green” Rhode Island Greening soil would be 
admirable. The fact that the Northern Spy is a red apple, however, 
makes it imperative that the color be well developed, and the skin 
free from the greasy tendency. ‘This necessitates a fine adjustment 
of soil conditions, for the heaviest of the soils adapted to the Rhode 
Island Greening produce a Northern Spy with greasy skin and 
usually of inferior color. The habit of tree growth of this variety, 
moreover, is such as to require careful attention. Its tendency to 
grow upright seems to be accentuated by too clayey soils, if well 
enriched, and such soils tend to promote growth faster than the tree 
is able to mature well. On the other hand, the Spy from sandy soils, 
while possessing good color and a clear skin, is often unsatisfactory 
in texture and flavor, especially if the fruit be held for very long in 
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open storage. The commercial keeping quality, too, is said to be 

inferior to that of the Spy grown on heavier soils in the same dis- 
trict. Hence the soil requirements of this variety are decidedly 
exacting, and are best supplied apparently by a medium loam under- 
lain by a heavy loam or light clay loam; that is, a soil as heavy as 
can be selected without incurring the danger of inferior drainage, 
for a poorly-drained soil should in no case be used. It is surely 
best not to plant Northern Spy on a soil lighter than a very heavy 
fine sandy loam, underlain by a light clay loam, or possibly a heavy 
loam. Good elevation and good air drainage are also very essential 
with this variety. 

In the southeastern counties of Massachusetts, Northern Spy has 
not been very satisfactory, but rarely has it received suitable care. 
In southern Connecticut, even when grown on soils very well suited 
to it, the Northern Spy is held in much less esteem than in the north- 
western part of the State, where the conditions much more nearly 
resemble those in western Massachusetts, a district in which the 
variety is excellent when grown on the right kind of soil with suffi- 
cient altitude. In the northeastern part of Hartford County, at 
elevations approximating 300 feet, Northern Spy does not keep well 
much after New Years. Plate XVII shows excellent growth of this 
variety under favorable conditions. 

SOILS FAVORABLE FOR THE WAGENER. 

In northeastern Pennsylvania, where the climatic conditions are not 
greatly dissimilar to those of southern New England, Wagener is 
one of the most profitable sorts for filler purposes. It gave re- 
markable results, too, in northeastern Massachusetts in 1911 at a 
very low altitude, and in the western part of the State, at an altitude 
of nearly 1,200 feet, it is also doing very well, indeed. The tree is 
weak in growth, hence a soil that is deep, strong, mellow, and loamy 
should be selected. Stiff subsoils are especially objectionable with 
this variety, and thin soils and hght sandy soils should be avoided. 
The Wagener thus fits in nicely with Northern Spy in soil require- 
ments, and its habit of early bearing makes an effective offset to the 
tardiness of the Northern Spy in this respect. 

SOILS FAVORABLE FOR THE M’INTOSH. 

The McIntosh is an apple of high quality that is now very popular: 
As McIntosh trees of sufficient age for safe comparisons are rarely 
available in Massachusetts or Connecticut over any considerable 
range of soil conditions, no positive statement 1s made concerning the 
soil preferences of this variety. The indications are, however, that 
the heavier of the Baldwin soils as described are desirable for the 
McIntosh, (See Pl. XVIII.) From the experience in Connecti- 
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cut so far available this variety seems to yield somewhat heavier 
crops at the highest altitudes in the northern part of the State than in 
the southern part; there is less trouble from dropping and the fruit 
has better keeping quality. Even in the northern counties at eleva- 
tions as low as 300 feet there is much loss from dropping, the tree 
does not yield satisfactorily, and the fruit is not as crisp as at higher 
altitudes. 

SOILS FAVORABLE FOR THE TOMPKINS KING. 

The Tompkins King is fully as exacting as Northern Spy in soil 
adaptation. The tree, with its straggling tendency of growth, does 
not develop satisfactorily on sandy soils, but succeeds best on a 
moist yet well-drained soil, 1. e., the ight Rhode Island Greening 
soil, a soil capable of maintaining such supply of moisture that the 
tree receives no check at the approach of drought. But the fruit 
grown on soils so heavy often lacks clearness of skin, and the ap- 
pearance of the apple is marred by the greenish look extending far 
up the sides from the blossom end, and the lack of the well-developed 
color which makes this fruit at its best very attractive. A layer of 
hardpan within a few feet of the surface may produce similar effects. 
Hence the problem is to balance these two opposite tendencies as 
well as possible, and soil of the following description seems best 
to do this: Light, mellow loam, the sand content thereof being me- 
dium rather than fine, thus constituting an open textured loam rather 
than a fine loam. A subsoil of the same texture or only slightly 
heavier is favorable, and one heavier than a very light, plastic clay 
loam or inclining toward stiffness in structure should be avoided. 
For this variety the productivity of the soil should be at least moder- 
ately well maintained. 

SOILS FAVORABLE FOR THE FALL PIPPIN. 

Soils adapted to the Fall Pippin are somewhat wider in range than 
those described for Northern Spy and Tompkins King. In fact, 
this variety may be very successfully grown on the soils described 
for both the Tompkins King and the Northern Spy. It is prefer- 
able, however, that the surface soil be a fine loam rather than the 
open-textured loam described for the Tompkins King. 

Another soil combination which has given very good results in 
Connecticut is a strong loam 10 to 12 inches deep, underlain by 
sandy loam which offsets in a measure the retentiveness of the surface 
soil. 

SOILS FAVORABLE FOR THE ROME BEAUTY. 

The commercial worth of Rome Beauty for New England is yet 
to be determined. In middle latitudes it bears the same relation to 

the Grimes in soil requirements that Baldwin does to the Rhode 
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Island Greening in their respective regions. There is, however, some- 
thing of an overlapping of regions. That is, the Baldwin extends 
farther south in adaptation than the Rhode Island Greening, and 
the Rome Beauty extends as far north as the Grimes. But this 
intraregional overlapping of Rome Beauty and Baldwin is largely 
a matter of dovetailing due to variations in elevation. Thus in 
southern Pennsylvania, as the Baldwin in its southern extension 
seeks its soil at higher elevations to offset the climatic changes, so 
does Rome Beauty in its northern extension seek the same soil at a 
lower elevation for the same reason. 

With increasing distance south, the Baldwin very soon becomes a 
fall variety, and where this tendency is sufficiently pronounced to 
lessen materially its desirability it may well be replaced by the Rome 
Beauty, which is adapted to the same kind of soil. 

Rome Beauty is grown with fairly good success in the lower Hud- 
son Valley and at low elevations in western New York, but there is 
question if it will become a leading commercial sort in either region. 

SOILS FAVORABLE FOR THE BEN DAVIS AND GANO. 

The reference to the Ben Davis and Gano here should not be con- 
strued as a recommendation for planting in this region, for it is be- 
lieved they should not be planted in Massachusetts or in Connecticut, 
but they are mentioned simply because of the value they may have in 
this discussion of fruit soils. These varieties are adapted primarily 
to the middle latitudes of this country rather than to the northern 
ones, and it is believed that the latter can not, for this reason, com- 
pete successfully in their production. The influence of the soil factor 
on these varieties is somewhat less marked than with varieties of 
higher quality, though the best color is not developed on soils ex- 
cessively clayey or ill-drained. The Ben Davis has a tendency to 
bear annually better than most other varieties, but there are other 
sorts of good quality that are sufficiently productive to make the 
planting of the Ben Davis and Gano ill-advised for this section of 
the country. 

SOILS FAVORABLE FOR THE GRAVENSTEIN. 

The Gravenstein has given growers in Massachusetts much trouble, 
but its general excellence, the high price the fruit brings, and the 

strong demand for it in some markets makes the Gravenstein a 
tempting sort to plant. Its susceptibility to winter injury, however, 
is often a serious matter. There is good evidence to show that Grav- 
enstein should not be forced in growth, at least until it is 15 years 
old or older. In western Middlesex County, on rich moist ground 
or with heavy fertilization with nitrogenous manures, its growth is 

rarely matured early enough in the season to avoid more or less 
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winter injury. It often continues to grow until freezing weather 
and thus is very susceptible to injury. On a medium soil, neither 
too moist nor too rich, its growth may well be held in control, early 
annual maturity may be forced, and the color of the fruit from such 
soils is satisfactory. (See Pl. XIX.) The subsoil should never 
be so clayey as to prevent ready downward percolation of any excess 
of free soil water. Annual applications of the mineral fertilizers, 
such as basic slag and potash, seem desirable on such soils, and a 
moderate amount of humus should be furnished, but nitrogenous fer- 
tilizers should be used sparingly. If the growth is too vigorous at 
any time it is well to seed to grass at once. 

Fruit of good color is especially desirable with this variety, the 
color adding materially to the selling price. This has led to its 
being planted on thin or light sandy soils in some cases, but on such 
land the Gravenstein is generally unsatisfactory. 

In Massachusetts and Connecticut the Gravenstein is a variety for 

the specialist only, but for such it is very profitable when grown near 
a market, especially if within driving distance. Gravenstein is a 
good illustration of a variety that is difficult to grow well but which 
brings high profits if it reaches market in good condition. This has 
doubtless led to its planting under conditions that have not always 
been favorable. Market demands may make it profitable and desir- 
able to grow a variety even though soil conditions are not ideal and 
the variety does not grow its best. 

To secure the best color the fruit must be left on the tree in most 
seasons until the loss from dropping becomes serious. By mulching 
heavily with poor hay or straw these drops, many of which will be 
well colored, may be gathered clean and practically free from bruise. 
They will not keep long, but at that season the market is usually 

eager for them at good prices. Most of the Gravensteins in Massa- 
chusetts are grown within driving distance of some of the larger 
markets, especially between the radii of 10 and 25 miles from Bos- 
ton, where the drops sell to good advantage and the variety is con- 
sidered highly profitable. Many of the smaller cities in Massachu- 
setts are not well supplied with this variety, however, and in some 

cases there is good opportunity for the specialist to plant Gravenstein 
for local markets, as the large markets always take any surplus of 

the best grade at high prices when well packed. 

SOILS FAVORABLE FOR THE ROXBURY (ROXBURY RUSSET). 

The Roxbury is now seldom planted, but there are some commer- 
cial orchards of it in Massachusetts, and many of the old orchards 
contain a few trees. It is most extensively grown in the Oldtown ~ 
district of Newbury, near Newburyport. The Roxbury is a gross 
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feeder, the growers believing that it will use to advantage heavy 
applications of stable manure. 

In one of the most successful orchards the surface soil consists of 
a heavy loam from 10 to 15 inches deep, which has been highly fer- 
tilized with stable manure and kept well supphed with humus for 
at least 50 years, the very antithesis of the soil conditions desired for 
the Baldwin (see Plates IV and XX). The subsoil is lighter, a 
fine sandy loam or a gravelly sandy loam. The soil of another excel- 
lent orchard consists of a light silty and fine sandy loam underlain 
by fine sandy loam. , 
A deep, rich, loamy soil with the upper subsoil of at least medium 

porosity seems to be essential, though a heavier subsoil at a depth of 
4 to 6 feet is apparently not objectionable. The first orchard men- 
tioned is underlain by a retentive subsoil of clay loam to clay, at a 

depth of about 6 feet. The Roxbury thrives on a much richer soil 
than the Baldwin, which does not color well on the best russet, soils. 

The “ green” Rhode Island greening soil, on the other hand, is some- 
what too clayey for the Roxbury. 

Grown on the soil conditions described, the Roxbury tree is pro- 
lific in Massachusetts, the fruit attains large size and good quality, 
its keeping characteristics are excellent, and it brings a good price, 
especially for export trade. Young trees of this sort are now so 
rarely planted that there would seem to be a good opportunity for 
it in a limited way to supply the small yet definite demand. 

MISCELLANEOUS NOTES ON SOIL-VARIETAL ADAPTATION. 

In the eastern part of Massachusetts with its near-by markets 
summer and fall varieties of apples such as Williams (Williams 
Favorite), Red Astrachan, Maiden Blush, Oldenburg (Duchess of 
Oldenburg), Wealthy, etc., are grown with much success on Glouces- 
ter loam and Gloucester fine,sandy loam. The predominating reason 
for growing these and other early season varieties in eastern Massa- 
chusetts is, however, except in the case of Wealthy and to some 
extent Oldenburg, the local or near-by market demand, rather than 
the character of the soil, which also happens to be favorable. This 
is shown by the fact that, with the exception of Wealthy, which has 
been much used as a filler in recent plantings, these varieties are 
little grown in western Massachusetts, even though they give good 
results there on the same or similar soils. 

It may be added that Red Astrachan under ordinary or average 
conditions maintains a stronger growth for a longer term of years 

_ on the Gloucester series than on the average Wethersfield soils. This 
is strongly indicated by the productiveness of old trees or of trees 
more than 25 years old. It seems probable that the arrest of growth 
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during a droughty period affects these sorts more severely than the 
stronger growing varieties such as Baldwin, and under equal con- 
ditions the Gloucester loam certainly maintains a more uniform 
moisture supply than the Wethersfield loam, though not necessarily 
more than deep areas of the less extensive Wethersfield silt loam. 
Undoubtedly other of the weaker-growing, or short-lived, sorts will 
also do better under the same treatment on the average Gloucester 
soils than on the Wethersfield; but strong-growing varieties such as 
Wealthy and McIntosh are very promising on the loam, silt loam, 
and heavy phases of the sandy loam in the Wethersfield series, except 
at low elevations in southern Connecticut, and on them Baldwin has 
long since proved its worth for commercial purposes. 

THE ADAPTEDNESS OF SOILS TO VARIETIES OF PEACHES. 

Tf a line be drawn connecting the northernmost of the commercial 
peach orchards in Connecticut it will correspond in a general way 
to the most southern of the average isothermal lines (U. 8S. Weather 
Bureau) of the six winter months which includes any material 
part of the State. During the spring months of March, April, and 
May the fluctuations of the extremes of temperature are also a little 
jess marked within this belt where, at good local elevations, the 

minimum temperature does not reach the point of frost as fre- 
quently as elsewhere in the State, and winter temperatures are like- 

wise a little less severe. This effects a relative steadiness of tem- 
perature during critical periods which lessens the danger from frost. 
The line referred to would extend just north of the southwest cor- 
ner flange of the State, where it projects into New York, north- 
easterly about 10 miles north of South Norwalk, thence to Beacon 
Falls and Farmington, across the Connecticut Valley north of Hart- 
ford to Vernon, south to East Glastonbury and Haddam, and thence 

to the southeast corner of the State. Within the area lying between 
this line and the Sound most of the commercial peach orchards of 
Connecticut are located, though comparatively little development has 
taken place east of Haddam where it may be said the weather records 
seem a little less favorable, and in the southwestern extension of the 
State orchards are scattering. 
On the Gloucester soils of the Western Highlands is located, how- 

ever, one of the largest commercial orchards, and there are many 
smaller ones in both the highland districts. The importance of good 
local elevation can hardly be overestimated. Even in an average 
season the rotting of fruit is much worse in orchards where the free 
and rapid circulation of the air is in any way impeded, and in a 
season such as 1912 when the weather was hot and humid during 
part of the picking period, the tendency is much increased. The 

55570°—Bull. 140—15——_5 
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soils in the areas where development has chiefly taken place are dis- 
iributed among four main series, the Wethersfield, the Middlefield, 
the Gloucester, and the Talcott, named in the order of their im- 

portance. There are various types of soil in each of these series as 
determined by texture, and a wide range in what may be termed 
general soil or field conditions. The Wethersfield and the Middle- 
field series are underlain by shale or sandstone at varying distances 
from the surface, and under equivalent treatments are not quite so 
strong for general farm crops as the Gloucester soils. 

The fact that peach growing has not been developed more ex- 
tensively in the highlands is doubtless due primarily to climatic con- 
ditions, as the opinion prevails, founded in part at least on experi- 

ence, that the crop is a little less certain there than within the iso- 
thermal line mentioned. Aside from the prolongation of the iso- 
therms northward in the Central Lowland their usual direction is 
northeast and southwest, and if the three southern New England 
States be considered as a unit the isothermal lines roughly parallel 
the seashore. ‘The close relationship existing between the tempera- 
ture lines covering the southern Berkshire hills in the Seymour dis- 
trict, the Woodstock district, in the northeast part of the State, and 
that locality in southeast. Worcester and western Norfolk Counties, 
Massachusetts, where peach growing 1s commercial, is very striking. 
As successful orchards are maintained on the Gloucester soils in all 
these districts, it would seem that the somewhat, prevailing opinion 
that the Wethersfield soils are superior to the Gloucester soils for 
peach production is based on the average texture of the series, and 
that the real difference is largely one of soil type rather than of 
soil series. 

It is doubtless true, however, that under good treatment a given 
type—as the loam—of the Gloucester series is a little stronger than 
the loam of the Wethersfield or the Middlefield series, and hence 
a given variety of peach as grown on it tends to ripen a little later 
than on the corresponding soil type of either of the two latter series. 
For this reason these different series as represented by the different 
soil types require different treatments to maintain a normal balance 
between the vegetative and the fruiting habits of the tree. This is a 
matter requiring skill in observation, and knowledge as acquired 
through experience of the way the soils respond to different treat- 
ments; and the subject merits further study. It may be said, how- 
ever, that certain soil conditions seem fundamental. For example, 
soils should be so deep and friable that any excess of free moisture 
not only disappears readily below the root zone of the trees but re- 
turns to that zone as capillary soil solution for the trees’ use as 
occasion may make desirable. Anything interfering with such free 
movement of the soil moisture, which by the absorption of soluble 
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matter within the soil becomes the soil solution which the trees use, 
is a detrimental soil condition. Underlying ledges, large stones, 
the several kinds of hardpan, and subsoils that are too impervious 
because of excessively fine texture (too clayey) or stiff structure, are 
of this class and should be scrupulously avoided. 

Again, the textural and structural relationship between soil and 
subsoil may be of considerable importance. With surface soil of 
strong loam, for example, a subsoil of ight sandy loam or even of 
compact sand is preferable to a loam or a clay loam, as it offsets in 
a measure the more retentive tendency of the surface material; and 
while such a soil section is probably less desirable than a strong sandy 
loam underlain by a friable loam, or approximate material, it has 
given good results, nevertheless, in several instances. It is a matter 
of common experience, however, in various peach districts, that 
where both soil and subsoil consist either of sand or of heavy ma- 
terial the best results are not secured. In a given case where a small 
part of a large orchard is a sand or a very light sandy loam it is 
very difficult to secure a growth as strong as desired largely on ac- 

count of the difficulty of keeping up the supply of humus. But the 
subsoils that are in a general way satisfactory in both texture and 
structure are extremely variable, and to the countless combinations of 
these characteristics not all varieties respond equally well. For a 
description of some of the individual types of soil upon which peach 
growing has been most extensively developed the reader is referred 
to page 23. 

In general, slightly moist soils seem less objectionable for the 
white varieties at present grown in southern New England than for 
the yellow sorts, a high finish on the latter being more difficult to 
secure on soils which tend to be moist. This is evidenced in some 
orchards on Wethersfield soils where underlain by a somewhat im- 
pervious layer at a depth of 15 to 24 inches. This layer consists of a 
mass of shale fragments embedded in heavy silt loam or silty clay 
loam, the shale being so dense as to prevent the use of a soil auger, 
and it in turn is usually underlain by bed rock. This soil is suffi- 
ciently impervious to delay cultivation for a few days in the spring 
after adjoining areas without the hardpan are ready, and all varie- 
ties ripen appreciably later. These soils are not so impervious, how- 
ever, as to cause any hydration, the soil being a clear red and of open 
friable structure throughout. It is thus apparent that the excess 
moisture, while disappearing slowly, eventually does so sufficiently 

to prevent any hydration and to afford thorough aeration and oxida- 
tion later in the season. Several of the white varieties are grown 
satisfactorily, but the yellow sorts rarely have as good finish and the 
quality, in some cases, at least, is inferior to that secured on other 
soils. 

a 
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The unfavorable weather conditions which prevailed during the 
peach-harvesting season of 1912, especially in the Carman-Champion 
period, furnished in conjunction with subsoil variation an unusually 

sensitive index to the behavior of these varieties and also to some 
other sorts. 

The tendency of the Champion peach, when humid weather pre- 
vails, to rot before quite ripe enough to pick, is generally recognized 
as a very serious difficulty with this otherwise excellent variety. The 
connection between the direct effect -of the weather in bringing this 
about and any impervious condition in the subsoil, as determined by 

hardpan, underlving rock, a too high content of clay, or a subsoil 

structure too stiff is quite marked, and was of much commercial im- 
portance in Connecticut in 1912. So exacting were the weather con- 
ditions that it was very difficult, and in some cases impossible, 
especially in the large orchards: to prevent more or less loss no 
matter how favorable the soi] and local elevation, but the fruit went 
down much more rapidly where the subsoils were shallow or lacked 
sufficient porosity from some one or more of the causes above enu- 
merated. This was somewhat noticeable when comparing the fruit 
from different orchards, but as such comparisons are usually based 
upon the average of the soil and subsoil conditions which often in- 
clude a considerable range, they are much less indicative than similar 
contrasts afforded by an orchard or orchards under the same manage- 
ment, where it is certain that the same or comparable treatments 
have been given, or where information is available as to the exact 
variation in the treatment for a considerable term of years. 

The influence of variation in soil depth was well illustrated in the 
season of 1912, on a ridge of about 500 feet elevation in a large com- 
mercial orchard, which is divided by a north and south road. On 
the east side of this road Carman and Champion were both later, as 
in other years, than on the west side, the elevation being virtually 
the same. On the west side the soil is friable and of fairly good 
depth. As the underlying rock dips to the east, it 1s much less 
broken than on the west side and consequently subsoil drainage is 
far less complete. The friable soil—Wethersfield silty loam—does 
not vary materially to an approximate depth of 2 feet, but because 
of the difference in subsoil drainage that west of the road may be 
worked from a week to 10 days earlier in the spring than that east 
of the road, and there is a similar difference in the ripening date of 
a given variety of peach. On August 31, for example, the Cham- 
pions still needed to ripen for several days, and stray Carman trees 
were only just ready to pick, though the Carman season was sup- 
posed to have ended in that locality a week before. In this case all 
conditions except the subsoils are so nearly identical that the differ- 

ee, 
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ence seems due solely to the greater retentiveness of the one, the 
extra moisture thereby retained so lowering the specific heat of the 
subsoil as materially to defer the ripening of fruit or other products. 
If there be excessive humidity just before picking time, however, 
this additional moisture may cause the fruit to go down more quickly 
than that from subsoils less retentive of moisture. 

Judging from the experience of a very large number of growers in 

Connecticut and in other States, combined with field observations, 
it seems evident that the Champion peach is especially sensitive to 
any condition of subsoil which hinders the ready movement of mois- 
ture within a probable depth of as much as 4 feet from the surface. 
This would include not only those conditions which tend toward 
hardpan, but also the subsoils whose clay and silt content is sufficient 
to render them compact or close, particularly the clays and the clay 

_ loams. 
While the surface soil should not be.heavy enough to form clods, 

its character is of much less importance than that of the subsoil. 
’ Notwithstanding the fact that a fairly strong soil is desirable for 
the best tree growth and size of fruit, it is very easy so to overdo 
these tendencies that the fruit neither matures well nor ships well. 
If the picking season happens to be wet the rotting tendency of 
Champion is increased and such a season is almost fatal to this 
variety when grown on rich strong ground. So it seems that 
Champion is best planted on soils of only medium productivity, but 
they should be sufficiently loamy and deep for the variety to be held 
well within control. There should be not too much humus, yet just 
enough. The soil-and subsoil should be held so closely in hand that 
a little fertilization will increase the size of the fruit if necessary, 
and conversely that the fruit may be held in check if the shipping 
quality is not satisfactory. ‘The best results, averaging seasons, have 
come from light porous soils such as medium to heavy friable sandy 
loams underlain by material not heavier than a friable loam, and 
preferably by a heavy sandy loam. Too great porosity of the entire 
soil section may entail, however, more risk from droughty periods 
than would appear from rot on a soil section a little heavier, hence 
soils may be too sandy and loose even for the Champion. 
Carman and Mountain Rose are not quite so dependent as the 

Champion on soils that drain out hastily, and while they succeed best 
on soils of a little greater moisture-holding capacity than the Cham- 
pion, they nevertheless give the best results on deep and well-drained 
soils. They do very well indeed on the Wethersfield loam which 
seems for them a typical soil condition. They are also grown with 

success on heavy sandy loams and en the lhght silty loams of the 
Wethersfield series and the Middlefield series where the subsoil is 
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not more compact than a friable loam or light silty loam. (See 
Pl. X XT.) 

The Elberta and the Belle (Belle of Georgia) thrive on well- 
drained soils that are somewhat stronger than the varieties previ- 
ously mentioned. The wood is said to be less brittle than that of 
some other varieties, and hence suffers less from breaking down. 
Loams, silty loams, and silt loams with subsoils of similar material 

seem not too heavy, nor to supply any excess of moisture provided 
the entire soil section is well drained. These varieties do not ripen 
as early locally on such soil types as on those more sandy, but in 
most cases earliness is of little importance with these varieties as 

compared with a better development of fruit. While the Elberta 
and the Belle, in common with other varieties, are best grown on 
deep soils, they are somewhat less sensitive to shallow soil conditions 
than are such varieties as Champion or Carman, though no variety 
grows so well on shallow soils, and in general they will stand stronger 
fertilization and greater amounts of organic matter in the soil than 
will Champion or Carman. 

Late Crawford also seems to thrive best on a fairly strong soil such 
as a light porous loam, one that is a little less retentive of moisture 
than the heaviest of the Elberta soils mentioned. 

Some of the early varieties, such as Greensboro, are less sensitive 
to shallow soil conditions than others, this probably being due, in 
part at least, to the inferior quality of these early sorts as compared 
with later varieties. 

SUMMARY. 

The surface features of Massachusetts and Connecticut are locally 
complex, but they may be grouped as follows to show general rela- 
tionships: The Western Highland, the Berkshire Valley, the Con- 
necticut Valley, the Eastern Highland, and farther east in Massachu- 
setts the Eastern Plateau, the Framingham-Boston Lowland, and the 
coastal district, which includes Cape Cod. 

The climate is rigorous, but the seasons are of sufficient length for 
the securing of good farm crops. The climatic conditions are very 
favorable for apples in both States. Peaches are successfully grown 
in several localities, but the chief development is along the high slopes 
adjoining the lower Connecticut Valley Basin. 

The upland soils have been derived from glacial drift, except pos- 
sibly on a few of the steep and narrow pregiacial ridges early de- 
nuded of all glacial débris. The soils are thus composite in character. 
Large and important areas of sedimentary soils occupy the Con- 
necticut Valley and alluvial soils also occur along many of the minor 
streams. 
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There is a wide range of soils in Massachusetts and Connecticut, 
which vary greatly in productivity. Poor soils occur, but there is a 
large total acreage of good soils which are in part well farmed and in 
part so poorly managed that they bear the reputation of being low in 
productive quality, or even worn out. The latter soils need first to 

be located and classified, and then to have their farming possibilities 
demonstrated by experimental crop growing. 
A general soil classification follows: , 
The Gloucester series is by far the most extensive. It includes the 

yellow and brown upland soils. The gray and blue-gray upland soils 
constitute the Bernardston series. The Wethersfield series includes 
the glaciated upland areas of Triassic red standstone and shale, the 
surface soils of the sandy types being gray or pinkish gray, and the 
heavier types red or salmon in color. The subsoils are red or salmon. 
The Middlefield series includes the glaciated upland areas of Triassic 
yellow and gray sandstone and shale, the surface soils being yellow, 
brown or gray, and their subsoils brown to yellow. The glacial out- 
wash soils found along the lower courses of streams as they issue from 
the uplands into the major valleys constitute the Merrimac series. 
The Dover series consists of glaciated limestone soils in the Berkshire 
Valley. The Whitman series occurs in depressed or basin-shaped 
areas, and also bordering streams. The surface soils range from 
brownish gray to almost black, while the subsoils are lighter gray, or 
mottled gray and yellow. ‘The Essex series consists of dark-brown 
glacial soil underlain by a light-brown to yellow subsoil usually 
lighter in texture than the surface soil. 

The agricultural methods pursued in the market gardening sec- 
tions, and in other districts of special crop development, are inten- 
sive, but in the general farming districts extensive methods prevail. 

Kyen in this long settled region there is need for improvement in 
the agricultural and horticultural practice. Growers of special 
crops—onions, tobacco, market-garden produce, apples, peaches, 
cranberries, etc.—are generally prosperous. Other farmers who 
prosper are those who retail the milk produced on their own farms, 
poultrymen who have placed their business on a firm footing not- 
withstanding frequent individual failures, and dairymen who have 
preduced some money crop or product, such as apples, potatoes, 
garden produce, poultry, etc. Few farmers prosper, on the other 

hand, unless an income is secured from some special money crop or 
product. 

In the hilly districts some farms have properly been abandoned 
because they did not furnish, under current agricultural conditions, 
a sustaining basis for a prosperous family. Other farms that have 
always possessed the possibility of a good livelihood if efficiently 
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managed have been abandoned on account of family circumstances. 
The first class of lands should be managed by the owners of the sec- 
ond class—that is, as adjuncts to farms now existing as economic 
units—or they could be so combined in some cases as to form new 
economic units of land holdings. There are good opportunities in 
both States for such land development, but they must be developed 
on the basis of economic adaptedness of the different soil conditions 
to crops and other farm products. 

There is little land tenantry in either State. Most farms are occu- 
pied by their owners, but those owned by city residents are often 
occupied by managers and superintendents. 

Labor conditions do not differ from those in other northeastern 
States. The cost of labor has steadily increased, thus necessitating 
more efficient farm management—a goal not infrequently attained. 

The principal products sold are horticultural crops from field and 
greenhouse, milk and cream, poultry and eggs, veal and pork, tobacco 

and onions. 
In districts intensively farmed the adaptedness of soils to crops is 

pretty well understood and the cropping system is generally well 

arranged. In the districts where extensive methods of farming pre- 
vail, adaptedness of the soil to crops is less generally recognized. 

Trunk-line and branch railways, with many trolley lines, furnish 

good transportation facilities for most of the region, though some 
districts are still far from such advantages. 

The area of Massachusetts is 8,039 square miles, and in.1910 her 
population was 3,366,416, or 418.7 per square mile. The area of 

Connecticut is 4,820 square miles, and in 1910 her population was 
1,113,786, or 210.5 per square mile. Such a mass of population fur- 
nishes excellent markets for large quantities of farm-food products. 

Soil development along various lines is possible. Among these, 
orcharding is important. 

The different varieties of apples and peaches do not succeed equally 
well on all soils, some varieties giving the best results on soils or 

under soil conditions that may be more or less definitely defined. 
In some cases, however, a soil not suitable in all respects may be 
modified, as by increasing or decreasing the humus content, tile 
draining, etc., to meet the requirements to such a degree that mod- 
erately good results may be secured. The kinds of soil upon which 
various varieties of apples have given, and may reasonably be ex- 
pected to give, good results are described. 

Under cultivation mellow loams and fine sandy loams overlying 
subsoils not lighter than a medium loam nor heavier than a light or 
medium clay loam of friable structure excel for the Baldwin. Under 
the same soil conditions Rome Beauty thrives farther south, where 
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the climate is a little warmer. Heavy silty loam or light silty clay 
loam with similar subsoil brings a good “green” Rhode Island 
Greening, but lighter soils such as. fine sandy loams and warm mellow 
loams excel if a high blush is desired. 

Soils favoring the Hubbardston are rich fine sandy loams, or 
heavy loamy fine sands with subsoils of fine sandy loam or mellow 
loam. 

For the Northern Spy and the Wagener, a mellow medium loam 
underlain by heavy loam or friable light clay loam is desirable, but 
the supply of humus and the application of ammonia-carrying fer- 
tilizers should be much greater for the Wagener than for the North- 
ern Spy. 

The heavier of the soils described for the Baldwin seem promising 
for the McIntosh. 

For Tompkins King and Gravenstein, an open-textured loam, 
rather than a fine loam, with subsoil of the same or only slightly 
‘heavier texture, is preferred. While similar soils-are excellent for 
Ben Davis and Gano, it is believed that these varieties should be 

grown outside of New England. 
Both the Tompkins King and the Northern Spy soils give good 

results with the Fall Pippin. 
A deep rich loamy soil with subsoil of at least medium porosity, 

preferably a sandy loam, is excellent for Roxbury. 
Soil adaptedness under Connecticut conditions to some of the com- 

mercial varieties of peaches follows: 
Champion succeeds best on soils of only medium productivity, but 

they should be deep and well drained. Medium to heavy friable 
sandy loams underlain by material not heavier than a friable loam 
and preferably a heavy sandy loam are very desirable. 
Carman and Mountain Rose succeed best on soils somewhat less 

pervious than the Champion, but still deep and well drained. This 
soil condition seems typically supphed by the loams of the Wethers- 
field and the Middlefield series. 

The Elberta and the Belle prefer stronger soils than the Carman 
and the Mountain Rose. Loams, silty loams, and silt loams, with 

subsoils of similar material seem best to meet these requirements 
under Connecticut conditions. 

For Late Crawford, a fairly strong soil, such as a light porous 
loam somewhat less retentive of moisture than the heaviest of the 
Elberta soils is desirable. 

Some of the early varieties, such as Greensboro, are less sensitive 
to shallow soil conditions than the varieties mentioned above. 
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THE CLYDE SERIES OF SOILS. 

By J. A. BONSTEEL, 

Scientist in the Soil Survey. 

INTRODUCTION. 

The surface soils of the Clyde series are dark gray, dark brown, 
or black in color. The subsoils are gray or sometimes yellowish in 
color and mottled with vellow and gray, but not with red, in practi- 

eally all cases. The surface of nearly all members of the series 
is level, with only slightly rolling or ridged areas where some of 
the types rise above the general level of the surrounding country. 
In nearly all of the more extensive areas of their occurrence, and in 
all of the smaller tracts, the surface of the different soils of the 

Clyde series is depressed below that of surrounding soils of other 
series. The soils of the Clyde series have been formed either by 
direct deposition as sediments in old glacial lakes, which have since 

been drained by natural processes, or they have resulted from the 
accumulation of more or less mineral matter and a large amount of 
partially decayed organic matter in small lakes, ponds, and swampy 
depressions occurring within the glaciated region of the north- 
eastern and north-central States. In the majority of instances the 
larger areas of the soils of the Clyde series occur within more or 
less well-drained basins of old glacial lakes. 

The soils of the Clyde series grade into deposits of muck and peat 
on the one hand and into the more completely drained soils of other 
series of the glacial lake and river terrace province, or of the glacial 
and loessial province, on the othér. 

Notn.—This bulletin discusses the origin, characteristics, and uses of the Clyde series 

of soils; it is suitable for distribution in New York, Ohio, Indiana, Michigan, and 

Wisconsin. 

55812°—Bull. 141—14_1 
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Another distinction which is of general but not quite universal 

application, is that the subsoils of the different types of the Clyde 

series, particularly the subsoils of the more extensive and heavier 

loam and clay soils, have been found to be calcareous. Many analyses 

of these subsoils have been made, which disclose from approximately 

1 per cent of lime carbonate to as much as 25 per cent of that mate- 

rial. Usually the more sandy members of the series are not so well 

supplied with lime carbonate as the heavier textured types. 

In their natural condition practically all the different soils of the 

Clyde series in all occurrences which have been encountered are 

rather poorly drained. They require artificial drainage to become 

of agricultural use but are then very productive soils for the growing 

of the staple farm crops of the region in which they occur and for 

the production of special crops where market facilities are favorable. 

GEOGRAPHICAL DISTRIBUTION. 

All of the known occurrences of the soils of the Clyde series are 
localized within the territory immediately to the south of the Great 
Lakes. The largest areas are to be found in the Maumee Valley in 
Ohio and Indiana; in the valley which stretches to the southwest 
from the shores of Saginaw Bay, in Michigan; and along the shores 
of the St. Clair River, Lake St. Clair, and the Detroit River in south- 

ern Michigan. The latter region is a connecting strip between the 
two larger areas. In addition there are considerable areas of soils 
of the Clyde series in northern and western New York, associated 
with the glacial lake deposits of the St. Lawrence River Valley and 
the Lake Ontario Plain; in northern and central Indiana, associated 
with the great glacial river terraces of the Kankakee and other rivers; 
and in southeastern Wisconsin, in a glacial Jake area which extends 
from the southern end of Green Bay to the vicinity of Fond du Lac. 
(See fig. 1.) These areas include all of the most extensive localities 
within which soils of this series have been encountered, and within 
which additional large areas may be expected to be mapped as the 
work of the Soil Survey progresses. 

There are, however, many smaller isolated areas of the soils of the 
Clyde series which are found in the smaller basins, drained lake 
areas, and swampy terraces of glacial outwash material which occur 
throughout the upland portions of the States bordering the Great 
Lakes. Although such areas may be individually of limited extent, 
their aggregate area will ultimately be found to be very large. 

In addition many small disconnected areas of the soils of the 
Clyde series are found in low hollows and depressed level areas 
within the glaciated upland of the region immediately south of the 
Great Lakes, particularly in western Ohio and eastern and central 
Indiana. These areas represent tracts where the local drainage was 
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obstructed and where considerable accumulations of organic matter 
were mingled with the surface soil. Before artificial drainage was 
supplied the majority of them existed as swamps and swales irregu- 
larly scattered through the upland. Artificial drainage has brought 
about the reclamation of the majority of these tracts, and their 
soils are now classed chiefly with the Clyde series. 

Expressed in terms of parallels and meridians, the territory within 
which some members of the Clyde series have been encountered ex- 
tends from longitude 75° west to fongitude 90° west; and from lati- 
tude 40° north to latitude 45° north. There is some probability that 
more northern occurrences will eventually be encountered. It 
should be understood that the larger areas of soils of the Clyde series 
are decidedly localized within these geographic limits, being con- 
fined to those portions of the territory which were at one time occu- 
pied by the glacial lake extensions of the Great Lakes, or else occur- 
ring within smaller lake beds and depressions throughout the up- 
land or upon the terraces of the glacial rivers which once furnished 
outlets for the ponded waters of the predecessors of the present 
Great Lakes system. 

THE GLACIAL LAKE AND RIVER TERRACE SOIL PROVINCE. 

The various sections of the country may be divided into major 
soil provinces within which the soil-forming materials possess a 
common general origin and have been deposited or otherwise formed 
through very similar processes. That region in the northern por- 
tion of the United States which was at one time or for successive 
periods of time occupied by the waters which resulted from the 
melting of the continental ice sheet and those portions of the lower 
Jands across which these ponded waters escaped to the sea are classed 
as the glacial lake and river terrace province. Its general location 
and extent are shown upon the map, figure 1. 

GEOLOGICAL ORIGIN OF THE SOILS OF THE CLYDE SERIES. 

Within recent geological times a large proportion of the north- 

eastern and north-central States was occupied either once or repeat- 
edly by a thick covering of ice in the form of a continental glacier. 
The latest occupation by glacial ice has been called the Wisconsin 
stage of glaciation by the geologists. It took the form of a glacial 
advance in many ice lobes occupying the area now covered by the 
existing Great Lakes and the adjacent territory immediately to the 
south and west of them. 

The different lobes of ice were pushed southward from the Cana- 
dian highlands until they occupied practically all of northern and 
western New York, northwestern Pennsylvania, northern Ohio, and 
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Indiana, all of Michigan, northern and northeastern Illinois, nearly 

all of Wisconsin, and large areas in Minnesota and Iowa. 
The form of the ice lobes and the general direction of their ad- 

vance seem to have been greatly influenced by the basins now occu- 
pied by the Great Lakes. Thus, in the St. Lawrence Basin one of the 
more eastern lobes was deflected by the Adirondack Mountain mass, 
reaching its most southern limit at altitudes of 1,500 to 2,000 feet 

above the present sea level where its southward spread was termi- 
nated against the highlands of southern New York and northern 
Pennsylvania. The extreme southwestern portion of this lobe ex- 
tended to northeastern Ohio, where it terminated at elevations of 
approximately 1,000 feet above sea level, occupying the rolling plain 
which forms the northeastern extension of the Mississippi Valley. 
Other lobes covered all of the southern peninsula of Michigan and 
extended across the low plateau of northern Ohio and Indiana, of 
northeastern Illinois and southeastern Wisconsin, terminating on the 
low plain of the upper Mississippi Valley at altitudes varying from 
700 to 1,200 feet above sea level. 

In practically all instances this latest advance of the continental 
glacier occupied territory which had previously been glaciated one 
or more times. During the period of its. advance and occupation 
of this territory the Wisconsin glacier redistributed the unconsoli- 
dated material which already existed within the region, filling many 
of the deeper valleys which had been cut into the underlying rock. 
Tt also brought fresh material from the Canadian Highlands and 
from the more northern. portions of the north-central States. In 
addition it derived a considerable amount of material from the local 
rock over which it passed. All of this material was deposited either 
during the occupation of the region by the glacial ice or during the 
slow northward recession of the ice sheet. 

The material thus deposited usually consisted of a heterogeneous 
mass of coarse and fine particles derived from many diverse sources 
and laid down either in the form of ridged moraines, where the ice 
front was stationary for a considerable period of time; in the form 
of gently rolling till plains, where the glacial material was deposited 
beneath the ice in the form of ground moraine, or as stratified sand, 
gravel, and bowlder deposits where streams of water flowed from the 
iee front, or from caverns formed between the land surface and 
the ice. 

As a result of these differences in the character of glacial action 
the general land surface of the area occupied by the ice was first 
smoothed by the glacial erosion of exposed surfaces, then further 
leveled by the filling of protected depressions through the deposition 
of glacial materials. Yet the final land surface maintained a consid- 

erable degree of irregularity in surface elevation through a failure 
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to obliterate the previous relief of the country and through the depo- 
sition to unequal thickness of the different classes of glacial materials. 

The recession of the glacial ice during this latest state of glacia- 
tion undoubtedly occupied a long period of time as measured in 
years. It was accompanied by the formation of large volumes of 
water derived both from the melting of the ice and from the 
normal annual precipitation over the region. This water was forced 
to seek outlets to the sea through new channels cut across the 

moraines and till plains of the north-central States and through 
channels formed along the border between the ice and a higher lying 
upland which had been freed from its ice covering in the north- 
eastern States. During the progress of the establishment of these 
new drainage ways there was an extensive ponding of the glacial 
waters within the lower lying areas included between the ice front 

and the elevated land areas of different characteristics which lay to 
the southward. This stage of deglaciation resulted in the forma- 
tion of several large bodies of glacial lake waters along the southern 
limits of the present Great Lake system and of innumerable small 
glacial lakes held between the more elevated moraines and in depres- 
sions in the till planes of the glaciated upland. 

The larger glacial lakes occupied successively lower levels along 
the ice front as the ice retreated, since successive channels opening 
to the sea were uncovered during the long period of glacial recession. 
Owing to this frequent change in level the students of glacial geology 
have been able to identify a large number of different glacial lakes 
which have been given different names. In some instances as many 
as 10 or 12 different stages of glacial lake occupation, possessing dif- 
ferent outlets and giving rise to characteristic glacial lake sediments 
at many levels, have been identified. 

For the purposes of the discussion of the glacial lake deposits which 
ultimately gave rise to the soils of the Clyde series it will hardly be 
necessary to outline the different areas occupied by even the larger 
successive glacial lakes. It will be sufficient instead to outline in a 
general way the largest areas within which these deposits were 
formed, to indicate the sources of the material which gave rise to 
this particular group of soils as distinct from other soils of some- 
what similar mode of formation, and to show the processes through 
which the different soils of the Clyde series have been created. 

It is probable that the first glacial lakes formed along the border 
of the receding ice occupied nad areas around the southern ex- 
tremity of Lake Michigan, where glacial Lake Chicago was formed, 
and a small area extending from the vicinity of Fort Wayne, Ind., 
eastward across the State line into Defiance, Paulding, and Van 
Wert Counties, Ohio, where the first stage of Lake Maumee existed. 
With a slow recession of the ice sheet the area of glacial Lake Chicago 
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was increased, covering what is now the southern end of Lake Michi- 
gan. In consequence, only small areas of glacial lake material now 
form the land surface around the southern extremity of that lake. 
In the case of Lake Maumee the gradual recession of the ice gave 
rise to the formation of glacial lake materials covering an area 
of more than 4,000 square miles in northwestern Ohio, northeastern 
Indiana, and southeastern Michigan. In fact, the entire Maumee 
Basin and the adjacent territory, extending from the vicinity of 
Fort Wayne, Ind., past Sandusky, Ohio, on the south and to the 
vicinity of Port Huron, Mich., on the north, was occupied by a suc- 
cession of glacial lakes whose characteristic topography and dis- 
tinctive soils now constitute the principal surface features of that 
region. 

At the same time a considerable area of low-lying land to the 
south and west of Saginaw Bay, in Michigan, was occupied by glacial 
lake waters at several successive periods. It is probable that the 
total area formerly occupied by glacial lake waters around Saginaw 
Bay amounts to approximately 2,500 square miles. 
A similar area was occupied by glacial lake waters standing at the 

lower levels around the head of Green Bay, in Wisconsin, and south- 
west past Fond du Lac. The total area of glacial lake sediments in 
the latter region is possibly as great as 1,000 square miles. 

During these earlier stages of ice recession and glacial lake occu- 
pation the outlets for the ponded waters were through the Des Plaines 
River into the Illinois River, for Lake Chicago; past Fort Wayne 
into the Wabash River, for the first Lake Maumee; and around the 
“thumb” of Michigan through Lake Saginaw and thence down the 
Grand River to Lake Chicago for the more northern waters. As the 
ice still farther receded, a passage for the impounded water was un- 
covered to the eastward between the ice front and the higher lying 
plateau country of northwestern Pennsylvania and western: New 
York. For a time, at least, an outlet was established through the 
Mohawk Valley, while at a later stage the drainage way through 
the St. Lawrence River was uncovered. Still later, marine waters 
occupied the St. Lawrence Valley and a small area around the outlet 
of Lake Ontario. Thus a series of glacial lakes was formed along 
the southern shores of Lakes Erie and Ontario and within the St. 
Lawrence Valley. 

FORMATION OF GLACIAL LAKE DEPOSITS. 

During all of these successive stages of glacial lake occupation, 
distinctive lake sediments were deposited at the different levels, de- 
scending from an altitude of about 800 feet for the higher stages of 
the more western lakes to the present level of the upper Great Lakes. 
in the more eastern areas south of Lake Ontario the elevated plateau 
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at the south maintained the first glacial-lake stages at altitudes as 
high as 1,100 feet in the Finger Lake region of central New York, 
while the later more extended glacial lakes in western New York 
occupied areas lying below 800 feet in elevation and thence declining 
to an altitude of 246 feet, the present elevation of the surface of Lake 
Ontario. At all of these elevations continuous or interrupted areas 
of lake sediments were deposited. 

The materials which were reworked and redeposited as glacial- 
lake sediments were everywhere of diverse origin. They were de- 
rived immediately from the heterogeneous mass of stone, gravel, sand, 
silt, and clay which formed the glacial till. This mass of earthy 
matter existed either upon or in the ice mass and was set free by 
melting or it had previously been laid down by the ice in the form 
of moraines and other deposits. In some localities it is possible that 
the glacial lake waters also derived some material from underlying 
consolidated rocks where these were not covered by glacial deposits. 
Such occurrences were of very small extent. 

In general, the largest amounts of material were contributed either 
by the glacial streams which flowed directly from the ice, by streams 
which flowed into the glacial lake basins from the uncovered but 
previously glaciated uplands, or through the direct action of waves 
and currents of the glacial lakes upon the till which formed the 
boundaries or the floor of the glacial lake basins. 

The streams which were formed directly from the melting of the 
ice carried glacial materials of all sizes, which were sorted and de- 
posited either in the form of long, low ridges chiefly consisting of 
gravel and sand, which are known as eskers, or as broad, low out- 
wash plains usually sandy in their general character. In both cases 
the finer sediments were carried to positions more remote from the 
ice front and were deposited in the deeper and quieter waters of the 
glacial lakes. 

Similarly the streams which flowed into the glacial-lake basins 
from the deglaciated uplands brought large amounts of material 
and this was partially or completely assorted to be deposited in the 
form of stream deltas near the outer margin of the lake areas. Fre- 
quently the coarser material was dropped in the form of low alluvial 
fans where the stream waters entered the lake. The finer materials 
from these sources were also carried to greater distances and de- 
posited with the finer sediments derived directly from the glacier. 
There was thus a mingling, in the majority of instances, of upland 
glacial till, of local country rock material, and of materials con- 
tributed directly through the melting of the glacial ice, all deposited 
to form the different grades of glacial lake sediments. 
Along the landward border of each of the larger lakes wave action 

played a considerable part in eroding both the glacial till and in some 
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cases the local country rock. This resulted in the formation of wave- 
cut terraces at the higher levels and in the deposition of sandy and 
gravelly beaches and bars concentrically around the margins of the 
lakes at different elevations corresponding to the different levels of 
the receding glacial lake waters. 

The materials formed in the deltas of both glacial and upland 
streams and the material deposited along the shore lines usually con- 
stitute the coarser grained sediments of glacial lake deposition. It 
is in such areas that large stone and coarse gravel are most frequently 
encountered, while only smaller gravel and the different grades of 
sand are found in the outwash plains and in those portions of the 
stream deltas which were carried farthest into the lake areas. Else- 
where the finer grained sediments, such as sandy loams, loams, and 
clays, prevail. 

In the smaller glacial lake areas, particularly where lake occupa- 
tion existed only for a brief period, the finer sediments dominate. 

In the case of all of the larger glacial lakes irregularities in the 

surface of the glacial till, accentuated in some instances by the exist- 
ence of local belts of moraine, gave rise to very unequal depth of 
water within the lake area. In the case of the glacial Lakes Saginaw 
and Maumee, curved moraines, concentric with the lake-shore line, 
rose above the lake level at some period of the lake stage. The waters 
ef the lake acted against these moraines in the same manner as 
against the upland till, forming beaches and distributing the coarser 
and finer sediments along these shore lines and through the deeper 
lake waters. Other portions of the till and of water-laid moraines 
rose nearly to the surface of the lake and the crests of these sub- 
merged ridges were subjected to a degree of wave action only less 
than that along the shore lines. In certain areas the force of the 
water was only sufficient to move and redistribute the finer grained 
particles, while the larger gravel and the bowlders remained practi- 
cally in their former position, being somewhat accumulated at the 

surface through the removal of the finer earthy material. Where 
such action has taken place unquestioned glacial lake deposits some- 
times present the anomaly of abundant glacial bowlders and of large 
cobblestones. In some instances it is even difficult to distinguish 
between glacial moraine or till and the feebly reworked glacial sedi- 
ments derived through the action of shallow lake waters across ridges 
which rose nearly to the surface of the lake. 

In other instances the drumlins and other glacial till ridges ex- 
tended above the surface of the lake waters and only their sloping 
flanks and the lower lands between them were covered by glacial 
lake sediments. 

In every instance in the larger glacial lake basins the silt and 
clay derived from the different sources outlined were deposited in 

55812°—Bull. 141—14—_2 
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the deeper and quieter lake waters in positions more remote from the 
deltas of tributary streams and at some distance from shore-line 
borders. They usually rest either upon consolidated rock, upon 
glacial till, or upon the more sandy or gravelly materials which 
were sometimes deposited first as the ice retreated. 

Thus the greater part of all of the glacial lake basins consists of 
marginal gravelly and sandy zones, of local sand plains and stream 
deltas, and of the heavier loam and clay deposits more remote from 
the sources of sedimentary supply. 
When the waters of the different glacial lakes were gradually 

withdrawn and the bottoms of these lakes exposed to form a land 
surface there were many minor inequalities of elevation which gave 
rise to wide differences in the drainage features of the lake basins. 

Areas lying between successive beaches frequently remained 
swampy. Shallow depressions in the broader lake plains still con- 
tained minor ponds and swamps. Only the higher lying areas and 
the more sloping surfaces became well drained immediately after the 
recession of the glacial lake. The broad level areas, occupied by the 
heavier clays and loams, together with ail depressed areas within the 
glacial lake plains, remained swampy for a considerable period of 
time. In consequence large areas included within the glacial lake 
basins passed through a swampy stage which persisted in many 
instances until the occupation of the land by white settlers, and 
which has only been relieved to a partial extent through the installa- 
tion of artificial drainage. 
It is probable that water-loving grasses and the smaller forms of 

vegetation first occupied these swampy areas. It is certain that con- 
siderable areas of the swamp included within the glacial lake basins 
remained so poorly drained until within historic times that only a 
few species of trees found foothold within their limits, while in many 
instances considerable areas remained in the condition of treeless 
marshes or grass-grown swales. 

In other instances areas somewhat better drained eventually became 
covered with a heavy stand of ash, elm, soft maple, tamarack, and 

other water-loving trees. In all cases the swampy conditions gave 
rise to the formation of large amounts of humus in the surface soil 
and this has given a characteristic dark gray, brown, or black color to 
the surface layer of extensive areas of the glacial ake deposits in the 
north-central and northeastern States. These give rise to the soils of 
the Clyde series. Conditions of more perfect drainage gave rise to 
light-gray or yellow surface soils which are classed in other soil series 
than the Clyde. 

The different soils of the Clyde series, therefore, owe their origin 
to a complex series of events beginning with the glaciation of the 
northeastern and north-central States, followed by the retreat of the 
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continental glacier and the formation of large or small glacial lake 
and glacial stream terrace areas, which in turn was succeeded by the 
withdrawal of the lake waters and the formation of extensive swampy, 
cr at best poorly drained areas within the lake basins, and ended by 
the accumulation of considerable amounts of partially decayed or- 
ganic matter in the surface soils. 

The soils thus formed have been rendered capable of agricultural 
occupation only through the installation of artificial drainage in the 
majority of cases. Many thousands of acres of these soil materials 
still remain poorly drained. 

TOPOGRAPHIC RELATIONSHIPS OF THE SOILS OF THE CLYDE 
SERIES. 

The greatest development of the glacial lake province in New York 

State occurs from the vicinity of the St. Lawrence Valley westward 
along the shore of Lake Ontario to the Niagara River.t In the St. 
Lawrence River counties the area within which the glacial lake sedi- 
ments are developed is narrow, forming a belt varying from 5 to 15 
miles in breadth along the shore of the river. Its surface is anything 
but smooth and the irregularities are due to the different elevations of 
the consolidated underlying rocks, which present an uneven and slop- 
ing surface, as well as to unequal deposition of the glacial till. Over 
materials of diverse origin and of uneven altitude the sediments of 
the glacial waters were deposited to greatly varying depths. 

In general, the lowest elevations occur along the shore of the St. 
Lawrence River and around the eastern end of Lake Ontario. The 
surface of the sedimentary lake deposits consists of large and small 
level tracts which are interrupted by ridges of rock, by swells of 
moraine, and by hollows within which swamps still exist. Gradually 
this uneven surface rises toward the Adirondack border until the 
highest distinctly glacial lake deposits are found about 750 feet above 
sea level or about 500 feet above the waters of Lake Ontario and the 
St. Lawrence River. 
Throughout this section of the glacial lake region there has been 

a sufficient degree of obstruction to surface drainage to give rise 
to the formation of swamps of large and small size, resulting in the 
formation of soils of the Clyde series. They are always to be found 
in locally depressed positions, which are not so poorly drained as 
the associated swamps but which are less well provided with natural 
drainage facilities than the surrounding upland soils. Many of the 
areas also accumulate local seepage waters from soils or rock areas 
lying at higher elevations. 

1 Bulletins Nos. 106, 127, and 145 of the New York State Museum. Glacial Waters in 

the Lake Erie Basin. Glaciai Waters in Central New York. Geology of the Thousand 

Islands Region. By H. L. Fairchild and others. 
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A considerable part of the soils of the Clyde series in this section 
consists of the heavier clays, while smaller areas contain enough 
coarser material to constitute the Clyde fine sandy loam and fine sand. 

The largest area of the glacial lake deposits of New York State 
extends from the vicinity of Syracuse to the Niagara River and 
from the southern shore of Lake Ontario to the bordering high- 
lands which pass through the western portion of the State at a dis- 
tance, roughly, half way between the Lake Ontario shore and the 

southern boundary of the State. From Syracuse to Buffalo, N. Y.., 
the upper limit of the lake sediments les approximately along the 
line which marks an elevation of 1,000 feet above sea level. At 

higher altitudes there were only local lake deposits, while even below 

the 1,000-foot contour line there are many higher lying ridges and 
hills which were probably not covered by lake waters for a sufficient 
period of time to give rise to distinctively glacial lake deposits. 

This portion of the glacial lake province is also marked by great 
differences in altitude and surface configuration. Along the shore 
of Lake Ontario the surface of.the land les at 250 to 300 feet above 
tide level or approximately from the level of the lake to elevations 

of 50 feet above its waters. Thence a narrow belt, ranging from 
10 to 15 miles in width from north to south, lies in the Lake Iroquois 
plain, formed at the latest stages of glacial lake occupation. This 
area slopes gently downward from altitudes of 480 feet to the shore 
of the lake. It is usually bordered at the higher altitude by a grav- 
elly and sandy shore line. Other minor ridges of a similar nature 
extend in a generally parallel direction with the present shore line 
and at positions intermediate between the higher shore line of the 
glacial Lake Iroquois and the present shore of Lake Ontario. 
From Oswego County westward, and particularly in Wayne and 

eastern Monroe Counties and in the region immediately south of 
them, there are numerous lenticular hills (known geologically as 
“drumlins”). They are also found through the lake plain region 
at all elevations as far west as Erie County, N. Y. They rise to 
maximum elevations of 150 feet above the adjacent lowlands and 
will probably average an altitude of 75 to 100 feet in elevation along 
their crests. They consist of glacial till and are merely surrounded 
in the majority of instances by the sedimentary deposits of the sev- 
eral glacial lake occupations of the general territory. - 

The lower lying land areas, lake sediments in the main, consist 
of very similar materials reworked by glacial waters and redeposited. 
The surface of the majority of areas of this character is remarkably 
flat or uniform in slope in the area which was covered by the glacial 
Lake Iroquois. The greater part of the sediments of this body of 
water lie in such positions as to be fairly drained, except in the ex- 
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treme western portion of the area in Niagara County. As a result 
only small and scattered occurrences of the soils of the Clyde series 
are found. — 
From the vicinity of Rochester, westward nearly to the eastern 

border of Niagara County, there are rolling plains and low rounded 
swells which show little or no evidences of having been covered for 
any length of time by lake waters. These till areas contain no 
included deposits of soils of the Clyde series so far as the region has 
been mapped in detail. 

The country which rises southward from the 430-foot contour line, 
the approximate shore line level of the glacial Lake Iroquois, to 

_altitudes of 1,000 or 1,100 feet is varied in its topography. At first 
the surface does not materially differ from the lower plain. There 
are larger areas of the rolling swells of till, many drumlins in the 
eastern section, and a sharp break between the lower plain and the 
upper as the vicinity of Lockport, N. Y., is approached. There the 
lower plain is separated from a higher plain of very similar character 
and soil development by the first evidences of the rock-formed Ni- 
agara escarpment over which all of the waters of the Great Lakes 
pour at Niagara Falls. This escarpment first appears as a low ridge 
of limestone which becomes more elevated to the westward where it 
takes the form of cliffs or ridges. At its base lies the old shore line 
of Lake Iroquois, along its slopes and cliffs the bare rock outcrops, 
while at its summit the lake sediments again make their appearance 
and stretch for many miles to the southward, covering the greater 
part of the country west of the Genesee River and east of the Niagara 
up to an elevation of 800 feet above sea level. This higher plain is 
the area which was occupied by glacial Lake Warren and it forms 
an extension to the east of the glacial lake areas which were developed 
at about the same geological time in the Maumee Valley of Ohio and 
the Saginaw Valley of southern Michigan. , 

The upper plain is much diversified in its surface slopes and drain- 
age features in western New York. The southern portion of Niagara 
County, the northern part of Erie County, and the adjacent portions 
of Orleans and Genesee Counties contain large areas of nearly level 
land with very slight depressions, which have been the location of 
former swamps, and within which considerable areas of the soils of 
the Clyde series have been accumulated. Other swampy areas have 
become the location of deposits of muck and peat. 

In the case of all of the larger areas of soils of the Clyde series 
in extreme western New York the surface is depressed below the 
general level of the surrounding soils, and the types of this series 
are poorly drained and darkened by accumulations of organic mat- 
ter only less in amount than is required to constitute muck soils. 
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The lake deposits of this section were prevalently fine grained and 
the heavier soils of the Clyde series are quite extensively developed. 

There are also areas in Niagara County where underlying till 

deposits reached nearly to the surface, but were thinly veneered 
with lake sediments, and maintained for a long period of time in a 
partly drained condition. On such tracts there is a scattering of 

field stones of glacial origin which is unusual with any soils of the 
Clyde series. Probably a part of these stones have reached their 
present position through having been brought to the low ridges 
and stranded by the melting of floating ice. Others have been sepa- 
rated from the till by wave action which redistributed the finer 

grained materials locally as lake sediment and left the stones in a 
prominent position at the surface. Such areas give rise to the stony 
phase of the Clyde loam. 

Throughout the entire region of the glacial lake deposits in New 
York State limestone rock underlies a considerable part of the plain. 
It has contributed mechanically divided limestone to the glacial till 
and both directly and indirectly to the lake sediments. Even where 
both of these classes of material overhe noncalcareous rocks there 
is a perceptible admixture of limestone fragments of all sizes in 
both the unstratified materials and the sedimentary deposits. This 
furnishes the small or large percentage of lime carbonate which is 
associated with the subsoils, at least, of the majority of the types of 
the Clyde series. 
up to an elevation of 800 feet above sea level. This higher plain is 

In extreme western New York, from Dunkirk to the western. 
boundary of Chautauqua County, in the northwestern portion of 
Pennsylvania, around Erie, Pa., and in northeastern Ohio, around 
Ashtabula, the glacial lake plain is very narrow, measuring not more 
than 8 to 5 miles in breadth from Lake Erie southward. Only small 
areas of the soils of the Clyde series are found in this region. 
From the vicinity of Sandusky, Ohio, westward nearly to Fort 

Wayne, Ind., and thence northeastward to the vicinity of Port 
Huron, Mich., lies an extensive area which was occupied at several 
successive stages by glacial lake waters. The oldest of these glacial 
lakes has been named Lake Maumee. ‘This was succeeded by Lakes 
Whittlesey and Warren. The latter occupied a portion of the 
higher lake plain in western New York as well as the lower portion 
of the glacial lake plain in northwestern Ohio and adjacent por- 
tions of Michigan. 

It is probable that the waters of these several glacial lakes did 
not occupy the Maumee Valley for any great period of time, yet it 
is certain that they were present for a sufficient period to establish 
very definite shore lines on the landward side. These shore lines 
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have been traced accurately through northern Ohio, northeastern 
Indiana, and southeastern Michigan.’ 

The lower limit of the glacial lake sediments which were formed 
in this basin is at present marked by the shores of Lake Erie and 
of the St. Clair River, Lake St. Clair, and the Detroit River. This 
lies at an altitude of about 575 feet above sea level. The highest 
limits of occupation by the glacial Lake Maumee are found to be 
approximately 775 feet above tide in the vicinity of Fort Wayne, 
Ind., about 800 feet in the southeastern counties of Michigan, and 
ranging from 750 to 800 feet above sea level in north-central Ohio. 
There is thus a total difference of present elevation of the surface 
of these glacial lake deposits not exceeding 225 feet. The Maumee 
Basin thus presents a very gently sloping surface which is inclined 
from the level of the shore lines toward a central axis extending 
from Fort Wayne, Ind., to Toledo, Ohio, with a gentle slope to- 
ward Lake Erie along the line of this axis. The slopes are so 
shght over any limited area that it is difficult to determine their 
direction except by the aid of leveling instruments. The stream- 
drainage ways are deeply cut along the major streams but follow 
mere shallow trenches so far as the majority of tributaries are con- 
cerned. The Maumee River has cut its channel toa depth of 15 to 
60 feet, frequently encountering bedrock. The smaller streams have 
cut their courses from 10 to 40 feet below the level of the plain. 

The general surface of the lake plain in the Maumee Basin is 
but slightly undulating over the upland between the drainage ways. 
Low swells and ridges rise to altitudes of 5 to 20 feet above the 
jowest points in any given locality. There are also low moraine 
ridges of somewhat greater elevation which probably rose above the 
level of the ponded lake waters. The Defiance moraine in the ex- 
treme northwestern counties of Ohio thus separates all of the basin 
tying in Allen County, Ind., and a large part of the lake sediments 
found in Defiance, Paulding, and Van Wert Counties, Ohio, from 
the remaining area of the Maumee Basin. 

Below the highest shore line of the glacial lake waters there are 
usually two or more other shore lines existing as concentric ridges of 
gravelly and sandy material frequently separated from each other 
by sandy loam or loam deposits. Elsewhere through the Maumee 
Basin the greater part of the surface consists at present of the dark- 
brown or black clay loam or clay soils of the Clyde series. 

The chief exception to this rule is found along the immediate banks 
of the Maumee River and its principal tributaries where erosion has 
removed the shallow lake deposits, exposing the underlying till in 
‘the form of yellow or brown clay loam soil, classed with the Miami 

1Glacial Formations and Drainage Features of the Hrie and Ohio Basins, U. S. Geol. 

Surv. Monograph No. XLI. By Frank Leverett. 
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series. There are included areas of swamp and muck, which occupy 
a small aggregate percentage of the region. The limestone rock 
which underlies a considerable proportion of this basin also reaches 
the surface in the form of local rock outcrop. There are a few small 
areas where the glacial till is exposed or where it was covered to 
such a shallow depth by the glacial lake waters that distinctive lake 
or swamp deposits were not formed. It is probable, however, that 
75 per cent of all of the soils found within the area of the Maumee 
Basin have been formed, at least at the surface, through the deposi- 
tion of lake sediments and through an unusual accumulation of 
organic matter under succeeding swampy conditions. Frequently 
the subsoil and deeper material consist of a gravelly glacial clay, 
classed as till by some authorities and as glacial lake material mixed 
with ice-borne fragments by others. 

The northern extension of the glacial lake deposits in the Maumee 
Basin was undoubtedly connected along the southwestern shore of 
Lake Huron with a similar area which surrounds the present Sagi- 
naw Bay in east-central Michigan. The shore-line features are con- 
tinuous, the sediments deposited are almost identical, and the lake 
plain extends as a narrow border along the eastern shore of the 
“thumb” of Michigan. 

The extensive lake plain which lies to the south and west of Sagi- 
naw Bay was occupied by another glacial lake, which has been called 
the glacial Lake Saginaw. It is certain that its upper stages were 
continuous and contemporaneous with the upper stages of the glacial 
lake waters of the Maumee Basin. 

The highest beach level formed by this lake in the Saginaw Basin 
lies at an elevation of about 850 feet above sea level in the vicinity 
of Flint, Mich. This is at an altitude of about 260 feet above the 

~ waters of Saginaw Bay, and the present area in the Lake Sagi- 
naw Basin thus possesses a fall of approximately 250 feet from the 

old shore lines to the present shore line. The concentric beaches 
around the margin of this embayment lie at several levels and are 
usually marked by sandy and gravelly deposits, between which sandy 
loam material prevails. The central portions of the area are some- 
what more undulating than in the case of the Maumee Basin and con- 
siderable areas are occupied by low morainic ridges whose crests were 
apparently about at water level during the later stages of glacial 
lake occupation. It appears that extensive deposits of sandy and 
gravelly material were formed within the limits of the lake basin 
as delta material from the streams which flowed into Lake Saginaw, 
both from the glacial ice, forming the northeastern boundary of the 
lake and from the exposed till upland forming its border to the 
south and west. 
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_ While there are very extensive deposits of unquestioned lake sedi- 
ments within the area of the glacial Lake Saginaw, there are also 
numerous large areas where the glacial till remains uncovered by 
glacial lake materials or is so thinly covered that only portions of 
the present surface.may be confidently ascribed to glacial lake depo- 
sition. Some of these deposits, because of the large amount of par- 
tially decayed organic matter in the surface soil and because of their 
evident previously swampy condition, are more closely related to 
the soils of the Clyde series than to any other group. Others, not 
so marked, belong to other soil series. The glacial outwash ma- 
terials and many of the beach line deposits do not contain sufficient 
organic matter to give them the characteristic dark color of the 

Clyde soils. 
Because extensive water-laid glacial moraines are closely asso- 

ciated with and partly covered by the glacial lake deposits some 

members of the Clyde series are found to be gravelly or stony in 
the Saginaw Lake area. 

In general the surface of the Lake Saginaw area is undulating to 
gently rolling, although considerable areas, extending northeast 
from Saginaw along the south shore of Saginaw Bay, are very flat 
and unrelieved. In consequence, a considerable proportion of this 
glacial lake area is fairly well drained through the deep-cut channels 
of the larger streams. Other portions, because of level topography 
and lack of natural stream ways, have remained swampy until 
recent years. 

Another glacial lake area of limited extent was formed in south- 
western Michigan, northern Indiana, northeastern Illinois, and 
southeastern Wisconsin around the southern end of Lake Michigan. . 
This was known as the glacial Lake Chicago. The majority of the 
deposits within this area do not form soils which are included in the 
Clyde series. However, in a narrow belt extending along the west- 
ern shore of Lake Michigan from the vicinity of Racine, Wis., 
nearly to Chicago, III., the soils of the Clyde series occupy the greater 
proportion of the old glacial lake bed. In this area the soils of the 
Clyde series are found from the shore line of Lake Michigan to alti- 
tudes of 60 feet above its present level, at which elevation the shore 
line of the ancient glacial lake stood. This belt of territory ranges 
from 2 to 5 miles in width. The highest land within it frequently 
lies near to the present lake shore, declining gently inland for a 
distance of 1 or 2 miles and then rising rather sharply to the old 
shore line. At the higher elevations more sandy soils are found, 
while in the depression the soils of the Clyde series prevail. 

55812°—Bull. 141—14—8 
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Surrounding Green Bay and Winnebago Lake and extending 
southwestward past Fond du Lac, Wis., occurs another area which 

was occupied by glacial lake waters. The highest shore line which 
bounds this area les at a level of 800 to 820 feet above sea level, or 
220 to 250 feet above the present level of Lake Michigan. In general, 
the surface of the lake sediments in this area is level or gently undu- 
lating, although ridges of till rise above the lower lying glacial lake . 
material. As in the case of the western New York areas and the 
Saginaw Bay area, other glacial laké sediments occupy considerable 
areas within this region, yet the lower, more level, and poorly drained 
sections where organic matter has accumulated extensively are occu- 
pied to some extent by soils of the Clyde series. As in the case of 
the majority of the other localities where soils of this series are 
found, limestone rock underlies a considerable proportion of the 
glacial jake embayment around Lake Winnebago and Green Bay. 
It has been reworked to some degree into the. glacial till and into the 
glacial lake sediments derived from the till. 

It is probable that an examination of the Upper Peninsula of: 
Michigan will show small areas of the Clyde soils lying at the lower 
levels around Lake Huron and along the southern shore of Lake 
Superior. The necessary conditions of local calcareous rock, of 
glaciation, and of the deposition of glacial lake sediments followed 
by swampy conditions after the withdrawal of glacial lake waters 
all exist in the eastern end of the northern peninsula of Michigan. 

The occurrences of the Clyde series thus far outlined all lie within 
the larger glacial lake basins surrounding the present Great Lakes. 
in addition there are hundreds of smaller glacial lakes which existed 
in the upland areas, outside of these larger basins, in western New 
York, southern Michigan, northern Indiana, and southern Wiscon- 

sin particularly. In many instances these small glacial lakes have 
become drained or have been partly filled with accumulations of both 
mineral and organic matter. In such instances smaller areas of the 
different soils of the Clyde series have frequently been formed. 
Such is the case in many of the southern counties cf Michigan and 
of the southeastern counties of Wisconsin. 

Another characteristic mode of occurrence of the soils of the Clyde 
series is found along the old glacial drainage lines through which the 
ponded waters of large and small glacial lakes found their outlet 
across the divides. In many instances these drainage channels now 
exist as bread river valleys cut through the glacial till where the 
present streams are bordered by one or more bread, flat, and fre- 
quently poorly drained river terraces. Wherever drainage has been 
sufficiently obstructed to give rise to temporary swamp conditions 
there has been considerable accumulation of swamp vegetation, con- 
tributing organic matter to the surface soil. In some instances this 
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accumulation has been sufficient to constitute a normal soil rendered 
dark brown or black at the surface. In the latter cases considerable 
areas of different soils of the Clyde series have been formed. 

The largest single area of this description occurs in northwestern 

Indiana and northeastern Illinois along the banks of the Kankakee 
River. From the southern boundary cf Michigan to Will County, 
Ul., this river is bounded by a level terrace area which was probably 
formed as the bottom of a local glacial lake but which has since been 
drained by the cutting down of the lower reaches of the Kankakee 
River. The present land surface lies at an elevation from 10 to 30 
feet above the normal level of the river. The area constituted a 

- vast swamp in the early days, but has been partially drained and oc- 
cupied. Its surface is only relieved by low ridges of sand which in 
many instances resemble lake-shore devosits but in other cases are 
evidently sand dunes. 
A considerable part of the terraces along the Kankakee River is 

occupied by the more sandy members of the Clyde series. Other 
portions consist of muck and peat. of sand dunes. and of undrained 
swamps. : 

There are many other instances where smaller areas of soils of 
the Clyde series are found within the old glacial terrace deposits 
along the courses of streams once occupied by a greater volume of 
water than at present. Certain of these areas of the Clyde series 
are found far to the south of the glacial lake areas within which 
the greater part of the Clyde series soils occur. 

Numerous small areas of soils of the Clyde series are also found 
in depressions throughout the glaciated uplands of western Ohio 
and northern Indiana. 

TYPE DESCRIPTIONS. 

CLYDE SAND. 

The Clyde sand has only been encountered in the southern penin- 
sula of Michigan, where five soil survey areas have included portions 
of this type. By far the largest area, amounting to more than 
one-half of the total, occurs in Allegan County, Mich. Here the 
type occupies 38,600 acres, while the total area surveyed in the 
State amounts to 67,400 acres. It is probable that the extension of 
soil surveys in this general region will show a much larger total 
area of the type, occurring in low-lying and poorly drained locations 
where sandy glacial outwash was accumulated under ponded and 
swampy conditions. 
The surface soil of the Clyde sand to an average depth of 12 inches 

or more consists of a medium to fine grained, black, sandy loam, well 
supplied with partly decayed organic matter. The subsoil varies 
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_ in the different areas from a gray or white sand to a gray silty clay. 
In almost all cases the surface soil is immediately underlain by a 
layer of gray or white sand of medium to coarse texture to a depth 
of 2 or 8 feet from the ground surface. This is, in turn, underlain 
by a heavier and more silty or claylike deep subsoil which is very 
retentive of moisture. 

Not infrequently a small amount of fine gravel is found, inter- 
mingled with both the surface soil and subsoil. It does not usually 
interfere with the cultivation of the soil and is not so abundant nor 

so generally present as to make any appreciable difference in the 
relationships of the soil type to moisture. 

The Clyde sand is always found in level tracts which are de- 
pressed below the general level of the surrounding uplands and in 
positions where either glacial outwash or later soil wash from sandy 
upland areas has accumulated under conditions of poor drainage. 
There are no elevations or irregularities of surface which would 
interfere with cultivation. Frequently the areas occupied by the 
Clyde sand still receive wash from higher lands, and they also re- 
ceive a considerable amount of seepage water from adjacent porous 
soils of greater elevation. ; 

Practically all areas of the Clyde sand are found to be in a swampy 
condition when first occupied, and many areas have remained unre- 
claimed by artificial drainage. As a result of this condition large 
amounts of vegetable matter in a partly decayed state have accumu- 
lated in the surface soil, rendering it black in color and loamy in 
texture. Similarly the drab or gray color of the subsoil is an indi- 
cation of poor natural drainage. The excess water held in the subsoil 
has excluded the air, and there has been little or no weathering and 
oxidation of the iron-bearing minerals of the subsoil. Where drain- 
age has been partly established the subsoil colors are tinged with 
yellow or brown. 
Wherever the Clyde sand has been occupied for the more intensive 

forms of agriculture it has been necessary to establish open ditches 
for the outlets of extensive tile underdrains or in connection with 
smaller open farm ditches. In its natural condition the Clyde sand 

- supports a thick growth of water-loving trees and of swamp grasses. 
Tn such localities its chief economic use is as pasture. Only when 
artificial drainage has been installed is the type well suited to crop 
production. 
Where the Clyde sand has been properly drained it has been suc- 

cessfully occupied for the production of the general farm crops, of 
which the yields are moderate. Corn is one of the most extensively 
grown and important crops. The large amount of organic matter 
in the surface soil, the ease with which a good moisture supply is 
maintained, and the easy tillage of this soil tend to make it one of 
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the best of the sandy soils for corn production. In fact, its position 
and natural drainage features combine to retain more soil moisture 
than would otherwise be possible in such a porous soil. It ranks 
more nearly with the sandy loam upland soils than with sand soils 
for these reasons. The general average of corn yields upon the Clyde 
sand ranges from 20 bushels per acre, usually where drainage is de- 
fective and the stand is reduced by excess moisture, to 35 bushels per 
acre or more where drainage has been established and the organic 
matter content of the surface soil has been carefully maintained 
through the application of stable manure. Corn is grown both for 
the grain and for silage, and the yields of silage range from 8 to 10 
tons per acre. While the type is a fairly good corn soil it is not so 
well suited to this crop as are the heavier members of the series. 

Oats are also grown in regular rotation with corn and grass. The 
large amounts of organic matter in the surface soil and the high 
moisture content tend toward an excessive growth of straw, and this 
is frequently weak and unable to support the grain crop to maturity. 
The yields are frequently reduced through losses from the lodging 

of the grain. Where drainage is fully established good yields are 
secured. The yields of oats range from 25 to 40 bushels per acre. 
Sometimes the partly matured crop is cut for hay when the lodging 
is so marked as to indicate that grain production would be impossible 
or unprofitable. 
Hay constitutes one of the most extensively grown crops upon the 

Clyde sand. Even where the drainage is not sufficiently established 
to insure good grain crops it is adequate for the growing of timothy 
or of mixed timothy and alsike clover. Areas of this character 
are seeded down and frequently left in grass for a period of three to 
five years or more. Hay is cut during the earlier years of the seed- 
ing, and the land is pastured when the hay yield falls below 1 ton 
per acre. In other wetter areas the wild grasses are cut for hay or 
utilized for pasture. In the cultivated fields the yields of mixed hay 
range from 1 to 14 tons per acre. The average yield of the wild 
grasses cut for hay is not over 1 ton per acre. The pastures upon this 
soil are usually well maintained during the dryer months of summer 
because of its low-lying and partially drained condition. Grass pro- 
duction upon the Clyde sand should be one of its chief uses where 
it is not so situated nor so well drained as to render it available for 
ihe growing of the more intensely farmed crops. 
Wherever the drainage conditions in the different areas of this soil 

have been perfected the Clyde sand is especially well adapted to the 
growing of special crops. When markets are accessible these crops 
should constitute the chief dependence of agriculture upon this soil. 
Sugar beets are successfully grown upon the higher lying and better 
drained portions of the type, giving yields of 10 tons or more per 
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acre. The sugar content is high and this soil is probably the best 
sandy soil upon which to grow the crop. Care should be exercised 
to provide perfect drainage, and to maintain the organic matter 
content of the soil. The beets should be grown but one year upon 
any given field, as crop rotation is essential to obtaining the best 
yields. 

Early Irish potatoes give fair yields of tubers of good quality. 
The yields range from 100 to 150 bushels per acre. In growing the 
potato crop perfect drainage is essential to success, as otherwise 
danger from blight and scab is great. The use of large quantities of 
high-grade commercial fertilizer is requisite. The most successful 
potato growers use as much as 500 to 1,000 pounds per acre of a fer- 
tilizer which analyzes about 2 to 3 per cent of nitrogen, 8 to 10 per 
cent of phosphoric acid, and 7 to 9 per cent of potash, derived -prefer- 
ably from sulphate of potash. Frequent shallow cultivation is re- 
quired during the earlier part of the growing season. The spraying 
of the crop to reduce damage from blight is not common, but should 
be generally adopted upon this low-lying and moist soil type. 

In the vicinity of some of the larger cities, where the local mar- 
ket is good, other market-garden crops are grown upon the Clyde 
sand. Cabbage, onions, cauliflower, tomatoes, cucumbers, and string 
beans are thus produced in the vicinity of Saginaw, Mich., and the 
crops obtained are very profitable. Only a small area of the Clyde 
sand has yet been utilized for such crops and the extension of market 
gardening upon the type is dependent chiefly upon increased: market 
outlets rather than upon the development of unused areas of the 
soil. Many thousands of acres may be used for these intensively 
farmed crops when the demand arises. A field of onions on the 
Clyde sand is shown in Plate I, figure 1. 

The Clyde sand may be characterized -as a soil fairly well suited 
to the growing of general farm crops where drainage has been in- 
stalled, for pasturage where drainage is only partial, and for the 
growing of market garden crops and sugar beets where the local 
market for these crops exists and where the type has been completely 
drained. 

There are thousands of acres of this soil which are but partially 
reclaimed at present and which constitute a reserve of easily worked, 
special-purpose farm land still awaiting utilization. 

In general the farm equipment upon the Clyde sand does not differ 
materially from that of the general region where it is found. The 
market-garden farms are usually of rather small area and are 
frequently only equipped with a small residence and with sheds or 
small barns for the housing of work stock and tools. The general 
farms upon the type are usually improved with the larger house 
and the large barns common to the grain and dairy farms of 
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the Central States. The type is susceptible of efficient tillage with 
rather light teams and tools, and these are used for the more inten- 
sive forms of cultivation. In fact much of the work of the market- 
garden farms is performed by hand after the land has been fitted 
by horse labor fer the planting of the varicus crops. 

CLYDE GRAVELLY SAND. 

The Clyde gravelly sand has only beenencountered intwoareas, both 
occurring in the southern peninsula of Michigan. Its total extent 
amounts to only 24,656 acres as mapped to the present time. Its most 
characteristic occurrence is in the vicinity cf Saginaw, Mich., where 
it is found along cld beach lines of the glacial Lake Saginaw, and in 
low slopes along bases of the surrounding glacial hills. It is found in 
Allegan County, Mich., in the form of low, rounded gravelly hills 
and as the chief soil cf the low terraces which border the Kalamazoo 
River in that county. 

The surface scil of the Clyde gravelly sand to an average depth 
of about 10 inches is a medium-textured, dark-brown, loamy sand, 
marked by the presence of a considerable properticn of medium to 
fine gravel. The subsoil is rather coarse, incoherent gravelly sand 
which is either underlain by gravel, as in the case cf the river ter- 
races, or grades into coarse sand and gravel at a depth of about 2 
to 3 feet. Usually clay is found at a depth of 4 to 6 feet. 

The surface soil always contains a sufficient amount of partly de- 
cayed organic matter to give it a characteristic dark-brown or 
nearly black color and to render it somewhat loamy. The type, as 
a whole, is fairly well drained owing to its sloping position on up- 
land areas and to the near presence of drainage ways on the river 
terraces. 

The general farm crops of the region where it occurs are chiefly 
grown upon the Clyde gravelly sand. Corn produces fairly good 
yields ranging from 25 to 35 bushels per acre. It is found necessary 
to use stable manure freely upon this rather porous soil in order to 
secure the larger yields. It is not a typical corn soil and other crops 
are better suited to it. 
Among the small grains both rye and buckwheat produce fair 

yields. They are more commonly grown than either wheat or cats 
and are better adapted to this soil. Rye yields 12 to 15 bushels per 
acre, and buckwheat 15 to 20 bushels. Oats give only small yields 
in normal years, owing to the fact that the scil does not retain a 
sufficient amount of moisture to supply the needs of the crop at the 
time of the formation of the grain. Either rye, which matures 
earlier, or buckwheat, which is a late summer crop, should be pre- 
ferred to oats. 
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While there is some difficulty in securing a good seeding of mixed 
grasses, clover gives a good seeding and excellent yields. Mixed hay 
produces an average of about 1 ton per acre, while clover alone yields 
from 1 to 14 tons per acre at the first cutting with 4 possible second 
crop for seed. Red clover is chiefly grown, although the alsike clover 
is also well suited to production on this soil. 

Some difficulty is experienced in securing a good stand of sugar 
beets and they are grown only to a very limited extent upon the 
Clyde gravelly sand. Beans give fairly good yields. 

The Clyde gravelly sand is so thoroughly drained that the longer- 
growing field crops are not so well adapted to production upon it 
as the early truck and small fruit crops. As yet, these are scarcely 
grown at all since the chief areas of the type, as found, are not 
especially well situated with regard to markets. Considerable areas 
of the type are not occupied agriculturally. 

CLYDE FINE SAND. 

The Clyde fine sand has been encountered in eight different soil- 
survey areas, located in New York, Indiana, Illinois, and Wisconsin. 
A total area. of 74,048 acres has been mapped of which 68,480 acres 
are iound along the terraces bordering the Kankakee River in 
Newton County, Ind., and Will County, Ul. The other areas are 
small and of little agricultural importance. 

To an average depth of 10 inches or more, the surface soil of 
the Clyde fine sand is a dark-gray to black, medium to fine sand. 
It is always heavily charged with partly decayed organic matter and 
not infrequently grades into included areas of peat. In such cases 
the organic matter is found to extend in large quantity to depths of 
3 feet or more. In other instances, near the margins of sandy islands 
and bars, which rise above the general level of the Clyde fine sand, 

there are bordering areas where the dark-colored surface soil is only 
about 4 to 6 inches deep. In some localities over the more level 
portions of the type, sandy areas with a shallow covering of organic 
deposits are also found. The subsoil is a gray sand which varies 
from dark color near the surface to a lighter gray or ash color at 
greater depths. The subsoil is sometimes mottled with brown or 
yellow stains. At the greater depths the sandy subsoil frequently 
becomes somewhat compact and sticky through the presence of larger 
proportions of silt and clay. The type is stone free in both soil and 
subsoil and even gravel is of rare occurrence. 

In all of the smaller areas of its occurrence the Clyde fine sand 
occupies small depressions within the area of other sandy soil types 
and owes its existence to the deposition of large amounts of organic 
matter where natural drainage was deficient. These areas mark the 
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former existence of small glacial lakes, ponds, and succeeding swamps 
within upland areas or associated with other glacial lake deposits. 
In the chief occurrence along the terraces of the Kankakee River, 
in northern Indiana, the Clyde fine sand has been formed as a sandy 
deposit of the glacial predecessor of the present river, whose flood 
plain was many miles in width and probably consisted of ponded 
glacial waters at one or more stages of the development of the drain- 
age way. It would be unusual to encounter such a large area of such 
uniformly assorted sand in the channel of any very active stream 
and it is more probable that the present channel represents stream 
excavation followed by the ponding of water and the deposition of 
the sand as sorted material derived from a variety of sources and 
laid down to some extent by the tributary streams as well as by the 
major stream which later occupied the valley. 

The Clyde fine sand, in Newton County, Ind., occupies a strip of 
territory south of the Kankakee River, having a breadth of 10 to 12 
miles. It extends across the boundaries of the county both to the 
east and to the west and a similar strip of soil is found on the north 
bank of the river. The area surveyed in Newton County comprises 
only a small proportion of the total area of the type as it occurs 
along the Kankakee River. 

Near the river the surface of the Clyde fine sand lies at elevations 
of only 5 to 10 feet above the normal stream level. There is a gentle 
rise away from the river which rarely amounts to more than 1 or 
2 feet per mile and the appearance of the river terrace is that of a 
very level plain which is only relieved through the irregular occur- 
rence of sandy ridges, rising in the form of old shore lines or sand 
dunes above the general level. These have altitudes of 10 to 30 feet 
above the surrounding plain. It is along the fianks of these ridges 
that the Clyde fine sand reaches its highest elevations above the 
river and where it was best drained under natural conditions. Shal- 
low depressions are also found in the plain within which the swampy 
conditions have so long persisted that accumulations of peat or muck 
were formed, having a depth of a few inches to many feet. Other- 
wise the broad, nearly level river terrace is occupied chiefly by the 
Clyde fine sand. 

For a long period of time, during the settlement of the region, 
the plain occupied by the Clyde fine sand remained in a swampy and 
almost impassable condition. More recently extensive ditches have 
been opened by the counties involved and into these the local farm 
drainage is led. In the majority of instances the drainage is still 
accomplished by open ditch, but a beginning has been made in the 
tile underdrainage of the land. This should be extended over the 
entire area, since it is the only permanent and completely satisfactory 
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method by which these lands may be brought to their full producing 
capacity. 

Drainage still remains so imperfect over considerable tracts that 
the farm buildings are located upon the sandy elevations which rise 
above the general level of the plain. Many local swamps persist 
and the peat areas have been but recently drained. Both from the 
standpoint of profit and of health drainage should be extended and 
rendered more complete. 

The crop adaptations of the Clyde fine sand vary considerably in 
the different areas where it has been encountered. In the most ex- 
tensive area, in Newton County, Ind., the crop uses vary chiefly with 
the proportion of organic matter found in the surface soil and with 
the depth of the dark-colored surface soil. Those areas in which 
the organic matter content is rather small are chiefly devoted to 
pasturage, while the areas well supplied with vegetable remains to 
a considerable depth are used for the production of general farm 
crops. ; 

Corn is the principal tilled crop grown. It is reported that in 
the early days of the occupation and cultivation of this soil the yields 
secured were as high as 50 bushels per acre. It is now estimated 
that the average yield is about one-half of this amount. Present 
yields range from 10 to 35 bushels per acre. Corn is grown for one 
or more years and the land is then seeded to a small grain crop, al- 
most always to oats. Oats yield from 20 to 30 bushels per acre. 
In the usual rotation the field is next seeded to grass. Timothy is 
commonly sowed alone as clover is likely to be winter killed on the 
level and partly drained land. It is probable that redtop and meadow 
fescue could be added to the seeding mixture with profit where it is 
intended to cut the hay for home feeding and to follow several years 
of hay production by the pasturing of the fields before they are again 
plowed for corn. It is also certain that alsike clover may be profit- 
ably seeded with the grasses where the land is fairly well drained. 
When clover is to be seeded the Clyde fine sand would be greatly 

benefited by the application of 1 to 2 tons per acre of finely ground 
limestone rock, This should be applied when the seeding to grass is 
made, usually with the seeding of the oat crop. It would also benefit 
both the oat crop and the grass seeding to apply finely ground raw 
phosphate rock at the rate of not less than 500 pounds per acre at 
the time of oat seeding. It has been demonstrated, also, that all 
crops are greatly benefited through the application of muriate of 
potash or kainit to such soils as the Clyde fine sand, especially where 
the content of organic matter in the surface soil is unusually high. 

Proper liming and fertilization should greatly increase the yields 
of all of the general farm crops. Where possible, stable and yard 
manure should be applied to the corn ground. 
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Where the Clyde fine sand has been thoroughly well drained it has 
‘produced excellent crops of Irish potatoes. The average yields are 
estimated at 125 to 200 bushels per acre. 
Rye is sometimes grown as a winter grain crop and serves well as 

a nurse crop for timothy and other grasses. It gives yields of grain 
which range from 10 to 20 bushels per acre. 

The grasses usually seeded give yields of hay which range from 
three-fourths of a ton to 14 tons per acre. In addition, large areas 
of marsh hay are annually cut, giving yields of approximately 1 ton 
per acre of rather coarse hay. 
By far the greater part of this soil type is still used for natural 

pastures. Even in areas where drainage is only partially established 
and the intertilled crops and timothy may not be successfully grown, 
the wild grasses furnish an excellent grazing for a considerable por- 
tion of the year. Frequently the herds are grazed during the sum- 

mer months and fed through the winter on marsh hay cut on ad- 
jacent areas and stacked on well-drained land. Such a field of 
marsh hay is shown in Plate I, figure 2. As a result of the large areas 
given to hay growing and pasturage there is a considerable live-stock 
industry conducted on the Clyde fine sand. This takes the form of 
the growing and fattening of beef cattle chiefly, although a small 
amount of dairying is also conducted near shipping points or local 
markets. Some hogs are fattened as an adjunct to the other forms 
of stock raising. 

In other areas the Clyde fine sand is chiefly undrained and unoccu- 
pied for any other uses than pasturage and timber lot. Some small 
areas, near to city markets, have been drained and used for market 
gardening. The small fruits, particularly strawberries and rasp- 
berries, give good yields, while such crops as cabbage, onions, and 
celery may be grown to advantage where the organic matter is aban 
dant in the surface soil and the depth to subsoil is not less than 12 
to 18 inches. Table beets and turnips may also be grown. In the 

case of the vegetables the liming of the soil is requisite to the best 
results. This is particularly true of cabbage, onions, and _ beets. 
The latter furnish one of the best indicators among vegetable crops 
of the lime requirements of a soil. They are not grown to advantage 
upon any soil that is badly in need of lime and the yields are greatly 
increased by the abundant use of lime, either as ground limestone or 
marl or as quicklime, slaked, and applied some time before the seed- 
ing of a crop. 

For the improvement of crop yields upon atthe Clyde fine sand bet- 
ter drainage is the first requisite. This should usually be followed 
by the liming of the land and the use of rock phosphate and muriate 
of potash or kainit. Wherever stable manures are available they 
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should be applied to the intertilled crops in general farm practice 
and to all of the crops grown in market gardening or small-fruit 
production. 
Many thousands of acres of the Clyde fine sand are atilized only 

for pasturage or the cutting of wild grasses. Most of the remain- 
ing area is used pie ee for a type of mixed general farming 
and stock growing. Only small areas ‘are used for the more intensive 
forms of market gardening and small-fruit cultivation. Wherever 
markets for the products are available, the type is far better suited 
to the latter uses than to general farming. 

The farm equipment of the Clyde fine sand is not materially dif- 
ferent from that of other areas in the general farming section of 
the north-central States. It usually consists of a frame dwelling 
and of large or small barns, depending upon whether the chief 
interests of the farm center in cattle feeding or in the production 
ot crops for sale. Large teams and heavy machinery are commonly 
employed in the tillage of the type. 

CLYDE SANDY LOAM. 

The Clyde sandy loam has been encountered in seven soil-survey 
areas, located in Indiana, Michigan, Pennsylvania, and Wisconsin. 
A total area of 127,296 acres has thus far been mapped. By far the 
largest proportion of this area has been encountered in the Saginaw 
Bay region in the southern part of Michigan. In fact the other 
areas AF its occurrence are small and scattered. 

The Clyde sandy loam to an average depth of from 8 to 19 inches 
is a dark-gray, brown, or almost black medium-textured sandy loam. 
The surface soil contains varying amounts of organic matter. In 
the lower-lying locations, in all depressions, and where drainage has 
been seriously obstructed there is a considerable accumulation of 
dark, mucky organic matter in the surface soil. Upon slopes and 
somewhat higher ridges, which frequently occur through the type, or- 
ganic matter 1s present in less proportion and the surface soil becomes 
gray or light brown in color. In almost all cases the surface soil 
grades downward into a medium to fine sandy loam, which is usually 
darker just beneath the surface soil, but becomes gray or mottled 
gray, drab, or yellow at greater depths. At a depth of 3 feet or 
more the subsoil becomes a sticky, somewhat sandy clay. 

The characteristic surface features of the Clyde sandy loam vary 
somewhat in the different localities where it has been found. This 
arises from the fact there have been some slight differences in 
the method of formation of the different areas of the type. In 

Greene County, Ind., the surface of the Clyde sandy loam is almost 
absolutely level and depressed below the upland areas in the por- 
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tion of the county where it occurs. This arises from the fact that 
the Clyde sandy loam was probably formed as a somewhat sandy 
outwash when glacial waters were discharged down the present 

drainage ways of the Eel and White Rivers. For a time at least 
these waters were so ponded as to form a local glacial lake within 
which sandy outwash material was deposited. This was mingled 
with a considerable amount of organic matter from the vegetation 
that grew in the swampy areas which ultimately resulted. In the 
majority of the other areas where the Clyde sandy loam occurs the 
surface is gently undulating to somewhat ridged. In the Saginaw 
area, Michigan, the Clyde sandy loam represents areas cf sandy 
glacial till or water-laid moraines where glacial material was de- 
posited either through glacial outwash or at such low levels that 
shallow lake waters covered a considerable proportion of the dis- 
tinctively glacial till. In such regions all of the lower-lying por- 
tions of the Clyde sandy loam were formed under water-logged, 
swampy conditions, and a large amount cf organic matter was de- 
posited under these circumstances. 

The local drainage conditions for the Clyde sandy loam vary con- 
siderably. In northern Greene County, Ind., the area now occupied 
by this soil type constituted extensive marshes in the earlier days, 
and the dredging of large ditches was essential before any por- 
tion of the type could be reclaimed and used for agricultural pur- 
poses. In the Michigan areas where the Clyde sandy loam occurs 

extensively it was frequently the case that the higher lying and 
better drained portions of the type could be immediately used for 

agriculture without the installation of extensive drainage works. 
However, the lower lying and depressed portions of this soil have 
been considerably improved for agricultural occupation by the dig- 

ging of short local ditches and cccasionally through the installation 
of tile drains. In almost all cases the producing power of the soil 
is decidedly increased where tile underdrainage is practiced. 

The Clyde sandy loam constitutes an excellent general farming 
soil, except where it still exists under swampy conditions. Corn is 
the principal crop grown upon this soil, and the yields range from 
35 to 40 bushels per acre under average conditions, with yields attain- 
ing 80 bushels per acre under particularly favorable conditions of 

drainage and of long growing season. Oats are grown extensively, 
giving yields which range from 25 to 40 bushels per acre. Hay also 
gives excellent yields, ranging from 1 to 14 and sometimes as high as 
2 tons per acre. Timothy alone is grown or timothy mixed with 

some of the clovers, usually the alsike or red varieties. In Michigan 
a considerable amount of clover is grown alone. The first cutting 
is saved for hay. Frequently the second cutting is allowed to mature 
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seed and fair yields of clover seed are obtained. This is shown in 
Plate II, figure 1. These constitute the principal general farm 
crops produced upon the type. 
The Clyde sandy loam where properly drained also constitutes an 

excellent soil for the production of Irish potatoes. The late or 
staple crops are principally grown, although near good markets an 
early market-garden crop is also produced. The yields range from 
80 to 150 bushels per acre under normal conditions, but yields in 
excess of 200 bushels per acre are reported. Beans constitute an- 
other special crop extensively grown in the Michigan areas upon 
the Clyde sandy loam. Wherever the type is well drained, either 
naturally or artificially, good yields of beans are produced, ranging 
from 12 to 25 bushels per acre. Sugar beets are another crop which 
is grown to fair advantage upon the Clyde sandy loam. The yields 
range from 7 to 15 tons per acre, with an average of about 10 tons. 
Wheat, barley, and alfalfa are all grown to a small extent upon this 
soil type. Alfaifa may only be grown where artificial underdrain- 
age has been installed. Otherwise the crop is likely to make a 
good stand for one or two years and then, when the tap root of the 
alfalfa reaches the poorly drained subsoil, difficulty is experienced 
in maintaining a stand. 

The use of the Clyde sandy loam for the production of special 
crops has not been extensively undertaken, except in the case cf beans, 
sugar beets, and potatoes. The type is also well adapted by its 
physical characteristics and its drainage conditions to the produc- 
tion of onions, cabbage, celery, beets, and turnips as market-garden 
crops. Locally tomatoes have also been grown to advantage, giv- 
ing returns approximating $100 per acre. It is probable that, as the 
markets are developed and transportation facilities are extended 
large areas of the Clyde sandy loam, wherever it is found, will be 
utilized for special crop production in conjunction with general 
farming over the remainder of the type. 

The better drained areas of the Clyde sandy loam in both the 
Alma area and the Saginaw areas in Michigan are particularly well 
suited to the growing of certain orchard fruits. For quinces, pears, 
and plums there is probably no better soil type in the areas men- 
tioned. Many varieties of apples are fairly well suited to produc- 
tion upon the higher lying and naturally better drained portions of 
the type. Strawberries and the cane fruits may also be grown. 

Tn all cases the Clyde sandy loam would be considerably benefited 
by the installation of additional tile underdrainage. In fact, imper- 
fect drainage in the lower lying and depressed portions of the type 
constitutes the chief difficulty in producing large crop yields. It is 
a condition which must be remedied before the more intensive forms 
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-of agriculture, such as fruit growing and market gardening, may be 
successfully undertaken. 

CLYDE STONY SANDY LOAM. 

The Clyde stony sandy loam has only been encountered in the soil 
survey of the Saginaw area, Michigan, where this type covers an area 
of 8,000 acres. 

The surface soil of the Clyde stony sandy loam is a dark-brown, 
medium-textured, gravelly sandy loam which has a depth ranging 
from 18 to 24 inches. This is underlain by a gray sandy loam or a 
mottled brown clay loam which contains a small amount of gravel. 
The most notable characteristic of the type is the presence of bowl- 
ders strewn in large numbers over the surface and occurring less 
abundantly in the subsoil. These bowlders are chiefly of granite and 
range in size from large rounded gravel to angular fragments 2 or 

3 feet in diameter. It has been found necessary in bringing this soil 
under cultivation to remove the larger cobbles and bowlders, which 
are either piled in heaps in the field or else are removed and used in 
the construction of farm buildings and of fences around the fields. 
Wherever this has been done the surface soil is left in good tillable 
condition. A few areas of the type are almost entirely free from 
gravel and stone. 

The Clyde stony sandy loam constitutes small, level, depressed 
areas occurring within the glacial moraine. The type is naturally © 
fairly well drained, but the smaller areas receive seepage waters from 
the adjacent higher lands. There is frequently no natural drainage 
outlet or only a sluggish streamway, partly obstructed by rank 
vegetation. 

The greater part of the soil type has been improved and brought 
under cultivation. It is used chiefly for genera] farming purposes. 
Corn yields from 25 to 40 bushels per acre, oats from 20 to 50 bushels, 
wheat from 15 to 20 bushels, and beans from 10 to 12 bushels per 
acre. Hay gives excellent yields, ranging from 1 to 13 tons per acre. 
Sugar beets are grown in a small way, giving yields of 7 to 15 tons 
per acre. Irish potatoes are also grown in small acreages. This type 
practically constitutes a phase of the Clyde sandy loam, which is 
distinguished from it through the considerable amount of stone and 
gravel occurring in both soil and subsoil. 

CLYDE FINE SANDY LOAM. 

The Clyde fine sandy loam has been encountered in 13 different soil- 
survey areas, located in 5 different States. The total extent of the 
type thus far mapped amounts to 147,456 acres. The larger part of 
this type occurs in the Saginaw area, Michigan, in Will County, IL, 



32 BULLETIN 141, U. S. DEPARTMENT OF AGRICULTURE. 

and in some of the areas in New York, notably in Niagara and 
Jefferson Counties. 

The surface soil of the Clyde fine sandy loam, to an average depth 
ranging from 9 to 12 inches, is a dark-gray, dark-brown, or almost 
black fine sand or fine sandy loam. The subsoil is a brown, gray, 
or ycllow fine sandy loam extending to a depth of 2 feet or more, 
where it frequently overlies a brown or drab clay. Both the soil and 
subsoil are entirely free from gravel and stone. 

In some of the larger areas where the Clyde fine sandy loam has 
been encountered, especially in Niagara County, N. Y., and the 
Saginaw area, Michigan, the surface of the type is slightly undulat- 
ing to gently rolling in topography, and is billowy in general appear- 
ance from the occurrence of large numbers of low ridges and narrow 
depressions between them. There are many level areas even in con- 
nection with this billowy topography. The Clyde fine sandy loam is 
frequently found also in the form of long, low, narrow ridges along 
the margins of the areas where other soils of the Clyde series are 
extensively developed. It is probable that in the majority of in- 
stances these low ridge areas represent old beach lines or shallow 
water deposits where the wind has built up a considerable deposit. 
In some instances the Clyde fine sandy loam represents areas where 
streams have flowed into the old glacial lakes and developed low, 
nearly flat deltas. In all cases there has been more or less wind action 
in piling up the surface soil. 

The low ridges which occur within the limits of the Clyde fine sandy 
loam are fairly well drained in their natural condition. The more 
level areas and the depressions between these ridges are frequently 
poorly drained. This is true also of the small areas of the Clyde 
fine sandy loam associated with the other soil types in upland areas. 
In nearly all instances the better drained portions of the Clyde fine 
sandy loam show a light-brown or yellow coloration of the surface 
soil, owing to the fact that not as much organic matter has been de- 
posited in these locations as in the hollows and depressed areas which 
have not been as well drained. 

The lower lying portions of the type are not only poorly drained 
because of their depressed position, but in many instances there is 
some seepage of water from adjacent, more elevated land areas. All 
of these depressed areas require artificial drainage to fit them for 
farming. In fact, in a number of the soil-survey areas where the 
type has been encountered it is still in timber or is used only for pas- 
turage or some other extensive form of agricultural occupation. Yet 
a considerable proportion of the Clyde fine sandy loam is fairly well 
drained in its natural condition and can be occupied for the produc- 
tion of general farm crops or for special fruit and market-garden 
crops. 
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FiG. 1.—ONIONS GROWN ON CLYDE SAND, ALLEGAN COUNTY, MICH. 

Fia@. 2.—MARSH HAY CuT ON CLYDE FINE SAND ALONG THE KANKAKEE RIVER IN 

INDIANA. 
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FIG. 1.—HARVESTING SECOND-CROP CLOVER FOR SEED. CLYDE SANDY LOAM, NEAR 

SAGINAW, MICH. 

FIG. 2.—TOMATOES GROWN IN YOUNG PEAR ORCHARD ON CLYDE FINE SANDY LOAM, 

NIAGARA CouNTY, N. Y. 
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There is a considerable diversity in the uses to which the different 
portions of the Clyde fine sandy loam have been put in the production 
of crops. In almost all of the more western areas the general farm 
crops alone are produced. Thus in the Saginaw area, Michigan, 
where more than 39,000 acres of the type have been encountered, corn 
is one of the principal crops grown. The yields range from 20 to 40 
bushels per acre. Oats constitute the principal small grain, giving 
yields of 30 to 50 bushels per acre. Beans are extensively grown, 
yielding from 10 to 25 bushels per acre, with an average approximat- 
ing 15 bushels. Hay is also an important crop. ‘Timothy and clover 
give yields of 1 to 14 tons of hay per acre. Sugar beets yield 10 to 12 
tons per acre. Chicory is also grown to some extent, the yields rang- 
ing from 7 to 12 tons per acre. 

In Niagara County, N. Y., where an area of nearly 15,500 acres of 
the Clyde fine sandy loam has been encountered, the soil type is recog- 
nized as the best truck soil. This useisshown in Plate II, figure2. It 
is extensively planted to cabbage, tomatoes, cucumbers, and potatoes 
as truck crops, while peas and beans are grown both as truck crops 
and for sale to the canning factories, which are numerous in this area. 
A considerable proportion of the type is thus utilized. In this area 
the general farm crops are also grown. Corn yields from 30 to 60 
bushels per acre. A small amount of wheat is grown, giving fair 
average yields. Oats constitute the principal small-grain crop, with 
yields ranging from 25 to 50 bushels per acre. Navy beans and hay 
are also grown. 

It is probable that wherever market facilities are afforded the 
Clyde fine sandy loam could best be developed as a special market- 
garden and small-fruit soil. It is well suited to the production of 
a considerable range of market-garden crops, while strawberries and 
cane fruits are grown to advantage. Wherever the type is well 
drained the orchard fruits may also be grown. 

THE CLYDE LOAM. 

The Clyde loam is the most extensive type which has thus far been 
mapped in the series. It has been encountered in 19 different soil- 
survey areas located in 4 different States, and an aggregate area of 
565,676 acres has been mapped. It occurs to a limited extent in west- 
ern New York, and in extensive areas in the Southern Peninsula of 
Michigan, in northern Indiana, and southern Wisconsin. It is prob- 
able that other large areas of the Clyde loam will be encountered in 
Michigan and adjoining portions of Indiana and Ohio as the soil- ° 
survey work progresses in those States. : 

The surface soil of the Clyde loam, to a depth in excess of 8 inches, 
is a moderately friable to rather heavy and compact loam, usually 
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dark gray, brown, or black in color. Near the margins of the smaller 

areas of this type there is not infrequently a considerable mixture 
of sandy material, and in such instances the surface soil is more 
friable and of a lighter gray color. In all of the larger areas 
where it is developed and in the central portion of even the smaller 
areas it is almost jet black and contains such large amounts of 
organic matter as to be almost muck. The depth of the surface soil 
varies to a considerable degree, ranging from 8 or 10 inches near 
the margin of the type to a depth of 18 or even 24 inches in the 
central portion of large areas or in depressed locations occurring in 
any portion of the type. The subsoil of the Clyde loam is a gray, 
drab, or blue clay, sometimes mottled with yellow or brown iron 
stains. In almost all instances this subsoil is stiff, plastic, and im- 
pervious, but in certain instances where it is underlain at no great 
depth either by layers of peat or of marl the subsoil material may be 
somewhat jointed and less impervious than the average of the type. 
The Clyde loam in the majority of areas where it has been en- 
countered is stone free, and even gravel is lacking. It is only in 
marginal areas or in locations where the surface covering of typical 
Clyde loam is somewhat thin that the stone or gravel of under- 
lying glacial formations becomes evident. In Niagara County, N. Y., 
a phase of the type which constitutes only a thin covering over under- 
lying glacial material is marked by the presence of stone and 
bowlders over its surface. This, however, is unusual. 

The Clyde loam invariably occupies level or depressed areas which 
at some previous time have constituted the beds of glacial lakes or 
of large swamps. Such areas occur not only within the regions 
formerly occupied by extensions of Lakes Ontario, Erie, and Huron, 
but also in the beds of many smaller extinct glacial lakes which were 
ponded between the inequalities of the rolling to ridged glacial - 
drift. In all instances the mineral matter from adjoining uplands 
was washed down and deposited in the form of fine or coarse sedi- 
ments within these small or large lake beds, and as the water be- 
came shallower vegetation gained a foothold, giving rise to the in- 
corporation of large amounts of mucky or peaty organic remains 
within the zone that now constitutes the surface soil. 

The surface of the Clyde loam is almost invariably level, although 
in some areas low, rounded knolls and gentle swells within the gen- 
eral area of the ancient lake beds may also be covered by the same 
characteristic mucky swamp deposits. In all cases the area of the 
Clyde loam is distinctly depressed below the level of adjoining 
glaciated uplands and glacial moraines or below the level of the 
marginal glacial lake deposits. 

The altitude of the surface of the Clyde loam varies considerably 
in the different areas where it has been encountered. Thus in 
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Niagara County, N. Y., the surface of the type ranges from 300 to 
600 feet above sea level, while in the vicinity of Saginaw Bay, in 
the southern peninsula of Michigan, it lies from approximately 600 
feet to about 750 feet above tide. Other separate areas in southern 
Michigan and northern Indiana have about the same altitude. 

In all cases the Clyde loam is either poorly drained at the present 
time or was poorly drained prior to its occupation for agricultural 
purposes. In practically all areas where it occurs the Clyde loam 
constituted wooded swamps or grass-grown marshes in the days of 
pioneer occupation, and in the majority of instances other upland 
soils were first cleared and occupied. Later the obstructed natural 
drainage was improved by the straightening of streams and the 
opening of drainage ditches, and gradually increasing areas of this 
black mucky soil have been brought under cultivation. The Clyde 
Joam in its undrained condition, wherever it is encountered, either 
constitutes swamp not occupied for any agricultural purpose or else 
forms pasture lands upon which cattle are grazed during the later 
months of the summer, or where, in the treeless areas, swamp grass is 
cut for hay. It has only been through the establishment of artificial 
drainage that this soil has been made available for agricultural use. 
Owing to the swampy or semiswampy condition of the Clyde 

loam prior to drainage, the surface soil is frequently found to be 
in a puddled, compact state, sticky and impervious when wet and 
drying out to a clodded or cementlike surface when dry. These 
effects of poor drainage are emphasized where the finer-grained 
material is found in lower lying areas which have been under culti- 
vation for only a short time. In such cases the soil proper is fre- 
quently stiff and sticky and clods badly when plowed. The con- 
tinued cultivation of the type, however, and the long-continued 
operation of frost upon well-drained areas tends to correct this 
condition and to make the Clyde loam an extremely valuable soil 
for the production of the majority of the general farm crops suited 
to the temperate climate within which the type is most extensively 
developed. 

In the case of the Clyde loam a larger acreage of the type is 
devoted te the production of grass for the cutting of hay than to 
any other crop. The type is not only well suited to produce large 
yields, but the management of the soil and of the general farming 
system in the areas where it occurs has brought about a crop rota- 
tion usually consisting of one year devoted to the production of a 
hoed crop, one or two years devoted to small grain growing, to be 
succeeded by two, three, or even five years of grass production in 
the course of the rotation. Because of the adoption of such long- 
term rotations, in which the land is frequently occupied during half 
of the entire period by the stand of grass, the acreage of this crop 
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far exceeds that given either to the small grains or to the hoed 
crops. The yields of hay vary considerably in the different areas 
where the Clyde loam has been encountered. In general, in south- 
ern Michigan, northern Indiana, and western New York, the yields 
of hay range frcm 1} to 2 or even 24 tons per acre. The average 
yields for the Clyde loam in these locations may be confidently 
stated at 14 tons per acre, or greater, dependent somewhat upon 

seasonal variations in the rainfall. Mixed timothy and clover con- 
stitute the principal acreage, although upon the better drained areas 
clover, seeded alone, is an important crop, both for the production 
of hay and, in central Michigan, for the production of seed. The 
alsike clover and the medium red clover are used to a consid- 
erable extent both in mixed and pure seeding. It has been found 
that the alsike clover will make an excellent growth even where 
drainage has not been thoroughly established, while the medium 
red clover is somewhat more exacting and requires good to perfect 
drainage to produce its maximum yields. 
Among the small grains wheat is the most important, although 

the acreage devoted to this crop in the more eastern States is de- 
creasing and the yields are not especially high. They range from 
10 or 12 bushels per acre to 20 bushels or more. The average is 
not much more than 15 bushels per acre. This is, however, in 
excess of the yields secured upon many of the upland soils in the 
same general region. Oats are even better suited to the Clyde loam 
than either winter or spring wheat, and the yields are high in the 
different areas where the crop is grown. In Michigan the yields 
range from 35 to 60 bushels per acre, while the general average 
through a long period of time may be stated at 40 bushels per acre, 
or somewhat greater. Consequently the oat crop is, to a considerable 
extent, displacing wheat as the small grain crop. Aside from a tend- 
ency toward excessive growth of straw, the Clyde loam constitutes 
an almost ideal soil for oat production. 

In all of the areas where the Clyde loam is developed, corn con- 
stitutes its most extensive intertilled crop. The yields are fair to 
good, ranging from 25 to 45 bushels per acre with a general average 
of about 35 bushels. Its use for corn growing is shown in Plate III, 
figure 1. 
Many thousands of acres of sugar beets are annually grown upon 

the Clyde loam in the southern peninsula of Michigan, and there is 
a strong tendency to increase this acreage in all localities where an 
adequate supply of labor for the care of the crop can be obtained. 
The average yield ranges from 7 to 10 tons per acre with exceptional 
yields as high as 15 to 18 tons. 

Beans are grown to some extent as an intertilled crop, preceding 
either wheat or oats, in both Michigan and Indiana. The yields are 
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good, ranging from 18 to 25 bushels per acre, with an average yield 
of 20 bushels. Rye, barley, and buckwheat are also produced to a 
small extent, giving fair yields. 

In some localities there are also small acreages planted to cabbage 
or celery, the former crop yielding from 8 to 15 tons per acre, with 
an average of about 12 tons. The quality of the cabbage produced 
upon the Clyde loam is reported to be excellent. Only a small area 
of either onions, peppermint, or strawberries, is now produced upon 
the type, although it is well suited to the growing of each of these 
crops when economic conditions are favorable. 

The farm equipment upon the Clyde loam does not differ ma- 
terially from the equipment upon other soils in the same general 
regions. It may be said that larger teams and heavier tools are re- 
quired for the perfect tillage of this soil than upon any others of 
similar or lighter texture. The somewhat plastic and dense char- 
acter of both the surface soil and the subsoil requires deep plowing 
and thorough subsequent tillage in order to maintain the surface 
soil in mellow, friable condition. Since the Clyde loam is prac- 
tically stone free in the majority of areas the use of disk plows and 
disk harrows is easily possible. The employment of such machinery 
should obviate the tendency toward the forming of a plow sole or 
“hardpan” at the normal depth of plowing, a difficulty sometimes 
encountered in the use of the ordinary turning plow. 
The dominance of grass, cats, and corn as the principal crops upon 

the Clyde loam led to the introduction of dairying as an important 
adjunct to crop production in the early days of the occupation of 
this type. The excellent pasturage afforded, the heavy cutting of 
hay, the large yields of oats, and the satisfactory yield of corn, all 
led the pioneer farmers, who were usually predisposed to dairying 
from their experiences in their former locations, to adopt this form 
of crop disposal. The dairy farms upon the Clyde loam, particu- 
larly in Michigan and Indiana, are apparently among the most 
profitable and best maintained farms in the region. Upon these 
dairy farms a considerable amount of stable manure is annually re- 
turned to the fields and crop yields are maintained at cr above the 
average for the general locality. The production of wheat has 
largely been superseded by the production of corn and oats upon the 
majority of dairy farms. The building equipment is somewhat more 
elaborate than upon the general-crop farms found upon the Clyde 
loam, because of the necessity for housing the stock and the roughage 
for feeding purposes. 

CLYDE SILT LOAM. 

Seven areas of the Clyde silt loam have been encountered in the 
course of the soil survey work. Four of these are in southern and 

_central Wisconsin, and they comprise by far the largest acreage 
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which has yet been found. The total area of this type thus far en- 
countered amounts to 122,368 acres. 

The surface soil of the Clyde silt loam, to an average depth of 10 
or 12 inches, consists of a dark brown or almost black silt loam. It 
contains a large quantity of organic matter and is rarely gritty or 
friable. The subsoil is a dark gray or drab silty clay loam which 
is decidedly compact and sticky. The subsoil occasionally contains 
some fine gravel and pockets or lenses of sand. In some areas, par- 
ticularly in the Saginaw area, Michigan, bowlders are scattered over 
the surface of the higher lying portion of the type. In general it 
is nearly stone free. 

Usually the surface of the Clyde silt loam is nearly level or gently 
sloping. It is almost always depressed below the level of surround- 
ing upland soil types, although in one or two areas where the Clyde 
silt loam occupies upland positions its surface is gently rolling. In 
almost all cases the Clyde silt loam is very poorly drained in its 
natural condition. This arises from the surface topography of the 
type and from the fact that it occurs in basins and along stream 
courses where the natural drainage has not become established. In 
nearly all cases the drainage of this soil through open ditches and 
tile underdrainage is necessary before agricultural occupation can 
take the more intensive forms. 
A very small proportion of the total area of the Clyde silt loam 

has been brought under cultivation. In general the areas are either 
timbered or occupied by marsh grasses. In the Saginaw area, Michi- 
gan, where the type is found upon the gently rolling uplands, prac- 
tically the entire area has been brought under cultivation for the 
production of farm crops. Corn, oats, and hay are the chief crops 
grown upon it in the area, while a limited acreage is devoted to the 
production of sugar beets. Where the drainage is adequate the crop 
yields are fair to good. In other localities only small tracts of the 
Clyde silt loam have been drained and in southern Wisconsin, corn, 
timothy, alsike clover, oats, peas, and sugar beets constitute the 
principal crops. Corn gives excellent yields where drainage is good. 
It has been found in seeding to mixed grasses, that alsike clover is 
better suited to this soil than red clover, especially until drainage 
has been thoroughly established. 

The Clyde silt loam is naturally a strong productive soil and ade- 
quate drainage is the chief need for its more intensive occupation. 
In many instances a single lne of tile would serve to drain consider- 
able areas of this soil while in the larger tracts it would be necessary 
to install open ditches to serve as main outlets into which lateral 
tile drains could be led. 
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CLYDE SILTY CLAY LOAM. 

During the progress of soil survey work the Clyde silty clay loam 

has been mapped in 11 different areas located in New York, Ohio, 
Indiana, Illinois, and Wisconsin. The total area thus far mapped 
amounts to 401,984 acres. Additional areas of considerable extent 
will undoubtedly-be encountered in these regions during the progress 

of soil survey work. 
The surface soil of the Clyde silty clay loam to an average depth 

of 10 inches is a dark-brown to black sticky, silty clay loam. When 
wet it is a dull black in color and decidedly plastic and claylike. 
Upon becoming partially dried it assumes a lighter brown or gray 
or grayish-brown color and usually develops a granulated or crumb- 
like structure. Nearer the margins of the areas of this type the color 
is usually a lighter brown, the surface soil may have a depth of only 
5 or 6 inches, and the admixture of coarser grained material some- 
times renders it rather more loamy than the typical area. 

The subsoil to a depth ranging from 15 to 20 inches is most fre- 
quently a dark brown or almost black silty clay loam which becomes 
gradually lighter colored with depth and at about 2 feet grades into 
a drab or dark-blue sticky clay loam. This is most frequently under- 
lain by a yellow or mottled yellow and gray plastic clay loam. 

There is a considerable variation in the depth of the brown or 
black material overlying the deeper subscil. In all of the smaller 
areas of the type, comprising a few acres in a place, the darker sur- 
face material has a depth of about 1 foot. In the larger areas, com- 
prising tracts of several square miles in extent, the dark colored, sur- 
face material usually has a totai depth of 18 inches to 2 feet. In all 
of these there is a tendency toward a thickening of the dark surface 
material toward the central portion of the different areas of the 

Clyde silty clay loam. 
Neither stone nor gravel are commonly found in either the soil 

or subsoil of this type. In some instances small amounts of gravel 
may be found around the margins of the different areas or under- 
lying the deeper subsoil. 

The Clyde silty clay loam is most extensively developed in basin- 
like depressions associated with the upland glacial soils throughout 
western Ohio and central Indiana. It occurs in the hollows and de- 
pressions in the rolling area occupied chiefly by the Miami silt loam 
and the Miami clay loam. It is also found in small ponded or 
swampy areas associated with the moraines and glacial uplands in 
New York and Wisconsin. Considerable areas are also found 
through the Great Lake region, where ancient glacial lakes have 
become wholly or partially drained. In all cases the areas of the 
Clyde silty clay loam are marked by nearly level or only slightly 
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sloping topography. In practically all cases these different areas 
represent either lakes and ponds or extensive swamps which existed 
before artificial drainage was supplied. In its natural condition the 
Clyde silty clay loam supported a heavy growth of deciduous water- 
loving trees, including several varieties of oak and ash,elm, and silver 
maple. Treeless areas were covered with a rank growth of sedges 
and swamp grasses. In the early settlement of the country these 
swampy areas were left undrained, and it is only within more recent 
times that large areas of the Clyde silty clay loam have been re- 
deemed for agricultural uses through the installation of expensive 
open drainage ditches and the laying of tile underdrains. In some 
of the smaller areas the cutting of a single drainage ditch has fre- 
quently been adequate to drain the type, while larger areas have been 
brought under cultivation through the extensive community ditches 
into which individual farms and fields have been drained by means 
of tile. At the present time nearly all of the larger areas and many 
of the smaller tracts have been thus improved, and probably 75 per 
cent of the total area of the type is now used for the production of 
some crop. 

The Clyde silty clay loam consists of poorly drained areas in the 
glacial till upland, of swampy tracts along some of the smaller 
streams, and of areas of previously swampy land in the basins of 
extinct glacial lakes. The surface material to a depth of 2 feet or 
more usually consists of a mingling of silty material washed in from 
the surrounding uplands and of a large amount of partially decayed 
organic matter contributed by the marsh vegetation which flourished 
under previous conditions. 

The Clyde silty clay loam requires rather careful management to 
secure the best crop results. If it is plowed and harrowed when 
either too moist or too dry it is liable to become baked or clodded, 
with a corresponding decrease in crop production. When it is 
plowed in the proper condition of moisture the surface soil crumbles 
into a granular loamy mass capable of producing excellent crops. It 
is upon thoroughly drained areas that the best results are obtained, 
and drainage is the most fundamental form of improvement for this 
type. 

In practically all of the areas where the Clyde silty clay loam has 
been adequately drained corn constitutes the chief crop. It is usually 
planted for two or more years in succession before being followed by 
a small grain crop. In some instances it has been grown for 10 or 
15 years without serious diminution in yield. Corn produces from 
40 to 80 bushels per acre, with a general average in excess of 45 
bushels per acre. Both the yellow and white dent varieties are 
grown. A considerable acreage of corn is grown for cutting into the 
silo, giving yields of 12 to 15 tons per acre. This use of the corn 
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FIG. 1.—HARVESTING A HEAVY CoRN CROP ON CLYDE LOAM, NEAR SAGINAW, MICH. 

Fia. 2.—CABBAGE ON CLYDE CLAY LOAM, NEAR RACINE, WIS. 

a, 
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Fia. 1.—A YIELD OF MORE THAN 60 BUSHELS OF CORN PER ACRE ON CLYDE CLAY 

IN NORTHERN INDIANA. 

Fic. 2.—PASTURING HOGS ON BLUEGRASS AND CLOVER TURF. TILE DRAINED CLYDE 

CLAY IN NORTHEASTERN INDIANA. 
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crop prevails in the more northern latitudes where dairying is ex- 
tensively conducted. 

Oats are the important small-grain crop upon the Clyde silty clay 
loam. This crop usually follows corn in the rotation and under 
conditions of favorable season gives yields ranging from 40 to 66 
bushels per acre. There is a tendency toward the lodging of the 
grain, especially upon areas where drainage is not complete. ‘The 
yield is thus somewhat reduced. 

Wheat is only grown to a limited extent on the Clyde silty clay 
loam and with extremely variable yields, which range from 14 to 25 
bushels per acre. 

The Clyde silty clay loam is an excellent soil for grass production, | 
and large areas are seeded to mixed timothy and clover or to clover 
alone. ‘The seeding is either made in the spring with the oat crop 
or the timothy is sown in the fall with the wheat and the clover is 
harrowed in during the succeeding spring. Yields of hay range 
from 14 to 24 tons per acre, probably averaging about 1? tons. Some 
areas of the Clyde silty clay loam where drainage has only been par- 
tially established support a heavy growth of marsh grasses, which 
are either cui for hay or are utilized as pasturage. The yields of 
marsh hay range from 1 to 2 tons per acre. 

Special crops are grown only to a limited extent on the Clyde silty 
clay loam. In some areas in Wisconsin sugar beets are grown, giv- 
ing ylelds of 12 to 18 tons per acre. In that State, also, both cab- 
bage and onions are produced upon this soil, the former giving yields 
of 12 to 15 tons and the latter 300 to 500 bushels per acre. Irish 
potatoes are grown to a limited extent, producing yields of 100 to 
300 bushels per acre. The potatoes are usually not of first quality. 

The most common rotation upon the Clyde silty clay loam consists 
of corn planted for two or more years in succession and followed by 
oats. Seeding to mixed grass and clover is made with the oat crop. 
Hay is cut for one or two years and the lands may be pastured for an 
additional year. The rotation then returns to corn. The value of the 
Clyde silty clay loam for corn production is so generally recognized 
that there is a constant tendency to plant corn as often as is pos- 
sible. In consequence the greatest acreage in grain is usually de- 
voted to this crop. It is probably only exceeded, if at all, by the 
acreage given to hay. 
Very little has been done in the line of fertilizing the Clyde silty 

clay loam, the majority of farmers depending upon the inherent fer- 
tility of the soil for the maintenance of crop yields. Stable manure 
is used probably more extensively than any other material, being 
applied to the second or third crop of corn. In some localities a 
small amount of commercial fertilizer is applied with the small- 
grain crop. 
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The Clyde silty clay loam requires the use of heavy work animals 
and of improved farm machinery for its proper. preparation and 
tillage. These are extensively employed throughout the region where 
if occurs. 
Except where the Clyde silty clay loam is found in tracts covering 

several square miles, farm buildings are usually located upon some 
other soil type, most frequently upon some upland soil whose better 
drainage renders it more suitable for such purposes. 

The crops grown upon the Clyde silty clay loam are to a consider- 
able degree fed upon the farm to dairy cows, beef cattle, and hogs. 
In the more southern localities a part of the corn and oat crop may 
be sold frcm the farm. The type in general constitutes an excellent 
general purpose farming soil used to a limited degree for the grow- 
ing of special crops and in some localities developed as the basis for 
the fattening of stock or the dairy industry. 

CLYDE CLAY LOAM. 

The Clyde clay loam has only been mapped in five areas, in Michi- 
gan, New York, Illinois, and Wisconsin, the principal area lying in 
Racine County, in the last-named State. The total area thus far 
encountered amounts to 19,392 acres, 

The surface soil of the Clyde clay loam to an average depth of 
8 or 10 inches is a dark-brown cr black loam. It rests upon a yellow 
or drab colored clay subsoil which is often streaked with iron stains. 
Very little coarse material is found in either the surface soil or the 
subsoil. 

The Clyde clay loam is confined to level areas somewhat depressed 
below the level of the country in which it ccecurs. It occupies either 
small scattered basinlike areas in the upland or somewhat larger 
areas In old glacial lake plains. In consequence of its position and 
of the stiff impervious character of the subsoil, it is almost always 
poorly drained in its natural condition. In fact, the agricultural 
occupation of the type is dependent upon the installation of arti- 
ficial drainage. 

Comparatively few of the Clyde clay loam areas are under cultiva- 
tion, and where it has not been artificially drained the type is either 
timbered or is used for the cutting of wild hay and for pasture. 
It is only in the vicinity of Racine, Wis., that any large area of this 
soil has been occupied for the production of farm crops. In this re- 
gion the installation of drainage has permitted the production of 
corn, which gives yields of 40 to 60 bushels per acre; of oats, with 
vields ranging from 30 to 50 bushels; and of hay, principally timo- 
thy, giving yields of 1 to 2 tons per acre. 

In the immediate vicinity of Racine, the type is quite extensively 
devoted to the cultivation of cabbage and onions. Cabbage produces 
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from 10 to 15 tons per acre, onions 400 to 700 bushels per acre, while 
potatoes, which are also grown to a small extent, give yields from 150 
to 250 bushels per acre. An excellent field of cabbage, grown on the 
Clyde clay loam, is shown in Plate ITI, figure 2. 

Elsewhere the Clyde clay loam, where appearing in small areas 
scattered through other soil types, is either tilled to the general farm 
crops or, where occurring in larger areas, is utilized mainly for 
pastures. 

CLYDE CLAY. 

Next to the Clyde loam the Clyde clay is the most extensively de- 
_ veloped soil type of the series. It has been encountered in eight 
different soil-survey areas, located in New York, Ohio, Indiana, Illi- 
nois, and Michigan. A total area of 319,424 acres has been mapped. 
of which considerably more than one-half is found in the soil sur- 
vey of the Toledo area, Ohio, where 165,056 acres occur. It is prob- 
able that other large areas will be encountered in the Maumee basin 
and in the area of glacial Lake Saginaw, not yet covered by soil 
surveys. 

The surface soil of the Clyde clay, wherever it has been encoun- 
tered, is characteristically a dark-gray, drab, or nearly black clay 
loam. It is well filled with organic matter to a depth of 8 or 10 
inches, and this renders the surface soil considerably more friable 
and easily worked than would ordinarily be the case with material of 
such fine texture. There is usually a strong tendency toward granu- 
lation of the surface soil, due to the high amount of organic matter 
contained and to the fact that both the soil and subsoil are some- 
what calcareous. The subsoil to a depth in excess of 36 inches is a 
lighter gray, drab, or mottled yellow and gray clay. It is dense and 
sticky when wet, but becomes intersected with numerous joints and 
crevices when properly drained and expcsed to the action of the 
atmosphere. It frequently contains gravel, the quantity varying 
from a few scattered pebbles to a considerable percentage of the soil 
mass. Neither the soil nor the subsoil contain any considerable 
number of stones of larger size. In other cases it is free from any 
trace of gravel and stone and consists of laminated or massive lake 
clay. In the former instance it is probable that the type constitutes 
merely a thin surface veneering of glacial lake or swamp material 
over the underlying till or water-laid glacial deposits. In the latter 
it is a true glacial-lake deposit. 

In all cases the surface soil gives the distinctive evidences, through 
the color and the accumulation of organic matter, of the swampy con- 
dition under which it was formed. 

It is a common characteristic of the Clyde clay, possibly more 
general than with other soils of the series, that the subsoil contains 
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a high percentage of carbonate of lime. Analyses of numerous sam- 
_ples have shown the lime carbonate content to range from 1 or 2 
per cent to as high as 20 or 25 per cent. This arises from the close 
association of the largest areas of the type with areas where the 
local Limestone was first reworked into the glacial till and later rede- 
posited as a part of the glacial lake sediments which constitute such 
a large proportion of the total area of the type. 

In all areas where it occurs the Clyde clay occupies level or slightly 

saucer-shaped depressions which are usually below the level not only 

of other upland soils but even below that of other members of the 
Clyde series occurring in the same area. In fact, the Clyde clay* 
represents the quiet-water deposition of the ancient glacial lakes, and 
it was formed in the central portions of the basins of the larger lakes 
and in depressions in other glacial lake sediments._ In such loca- 
tions the deposition of mineral matter was not usually as great as 
nearer shore lines or stream deltas, and the deposits were finer 
grained than in the case of the materials giving the other members 
_of the series. 

The surface of the Clyde clay is almost universally flat or but 
slightly inclined, and there is abundant evidence that the areas of this 
type constituted shallow lakes or at most swamps until about the 
time of the pioneer occupation of the general region. The presence 
of numerous fresh-water shells, the high organic matter content of 
the surface soil, and many historical accounts of the original aspect 
of the country all bear out this conception of the immediate origin 
of the Clyde clay. : 

Not until artificial drainage was undertaken either by individuals 
or by county or State authorities was the greater part of the total 
area of the Clyde clay susceptible of agricultural occupation. It 
has only been after the opening of large main ditches, along the 
boundaries of land sections or along natural drainage ways through 
which farm drainage might find an outlet, that the land has been 
brought under even the more extensive forms of cultivation, and the 
production of intertilled crops has frequently become profitable only 
after the installation of tile drainage. It is certain that many 
thousands of acres of this soil type would be very greatly benefited 
by the extension of tile drainage. The value of this form of im- 
provement has been abundantly demonstrated by- numerous cases 
where the value of the land has been quadrupled through the laying 
of tile. Usually the increased value of the land has more than paid 
for the expenditure within 5 to 10 years from the installation of 
the drains, while it has even been the case that the increased crop 
production for the same period of time has more than paid the total 
cost of drainage. It is certain that the crop adaptations of the type 
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are greatly broadened by drainage and that the yields obtained are 
greatly increased. The certainty of obtaining a crop under all con- 
ditions of precipitation is another advantage to be derived from 
underdrainage. © 
Wherever the Clyde clay has been drained sufficiently to render 

it suitable for corn cultivation that crop exceeds all others in acre- 
age and value. In fact it is one of the best corn soils of the Cen- 
tral States. This is well shown in Plate IV, figure 1. Good yields 
are only obtained from drained lands, and where drainage has not 
been effected there is very little corn grown. In northwestern Ohio 
the value of the Clyde clay for corn production is so well appre- 
clated that more than one-third of the total improved acreage of 
this soil is planted to corn annually. The yields for counties con- 
sisting largely of the Clyde clay range from 38 to 41.5 bushels per 
acre. It may be said that the average yield of the type in this 
region is probably in excess of 45 bushels per acre, while the crops 
grown upon the best drained land frequently exceed 60 bushels per 
acre. The large-growing dent varieties, requiring a long growing 
season, are commonly planted. The corn is produced chiefly for the 
erain, although a minor use is made of silage corn for the feeding 
of beef cattle and, to a more limited extent, in the feeding of dairy 
cows. Yields of silage range from 12 to 15 tons per acre. 

In other localities it is not so easy to select the figures represent- 
ing the yields of the Clyde clay, since cther soil types dominate it 
in area and obscure its relative importance. Yet it is producing 
from 25 to 50 bushels of corn per acre in Niagara County, N. Y., 
depending upon the local drainage conditions, and even higher 
yields in Allen County, Ind. In the Saginaw area, Michigan, it 
has not yet become sufficiently well drained to constitute a first- 
class corn soil under the somewhat cooler climatic conditions existing 

- there. With tile underdrainage it should be well suited to this crop. 
In the more southern areas, where the Clyde clay is an impor- 

tant soil, oats are the crop of next importance to corn in point 
of acreage. Oats usually occupy from one-fifth to one-fourth of 
the total improved area of the type. The yields are not relatively 
so heavy as in the case of corn, but they range from 30 to 50 bushels 
per acre, with a general average of 40 bushels. There is a tendency 
toward the lodging of the straw when oats are grown upon this 
moist soil, so well filled with organic matter, and the yields of 
harvested grain are as high upon portions of the type which are 
marked by the gray surface soils as upon the generally more pro- 
ductive, darker-colored phase. In fact, oats are said to yield better 
crops of grain after the land has been cropped for some years to 
corn. Wherever the Clyde clay is fairly well drained it is uni- 
formly a good oat-growing soil. 
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Hay and pasture grasses constitute the chief remaining crop grown 
upon the Clyde clay. Usually the area devoted to grass growing in 
the Central States is decidedly subordinate to that given to corn and 
oats. In New York State grass constitutes the chief crop grown 
upon the Clyde clay. This arises from the fact that little of the type 
has been sufficiently drained to make it a suitable soil for the pro- 
duction cf intertilled crops.. The same is partly true of the Saginaw 
area, Michigan. In ail areas timothy, seeded alone, comprises the 
largest grass acreage. The Clyde clay is almost an ideal soil for 
timothy production. It is moist, well supplied with organic matter, 
and mildly calcareous. Unless the yields are decreased through poor 
drainage the production frequently exceeds 1% tons per acre at a 
single cutting. Total yields of 24 tons per acre at two cuttings are 
not infrequently cbtained. In many instances the second crop is cut 
and thrashed for thé seed. Mixed timothy and clover also occupy 
jarge areas on the type. Both the red and alsike clovers are seeded 
with the timothy where the hay is grown for feeding rather than for 
the city market. Clover is grown alone upon this soil, but to a 
limited extent. The yields of mixed hay range from 14 tons to 24 
tons per acre. Clover yields as high as 2 tons with an average of 14 
tons per acre. 

Wherever the Clyde clay has become well drained the Kentucky 
bluegrass spreads naturally over the fields not kept in constant culti- 
vation. It forms a thick mat along the roadsides and invades fields 
which have been seeded to other grasses for any length of time. 

Wherever it is permitted to remain it forms an excellent pasturage 
and, if the land were not usually much more valuable for growing 
the tilled crops or other grasses, it would constitute one of the best 
sources of pasturage in the Central States. The use of such a field 
for pasturing hogs is shown in Plate IV, figure 2. 

Where tile drainage has been completely installed and the land 
fully drained to a depth of 3 feet or more, alfalfa succeeds very 
well upon the Clyde clay. Drainage is a fundamental essential to 
success with this crop, but otherwise the soil is in excellent condition 
for alfalfa seeding. It is productive, well supplied with organic 
matter, and so calcareous that liming is usually unnecessary. Even 
the inoculation with the proper bacteria is sometimes naturally se- 
cured through the rather general growth of sweet clover or Melilotus 
throughout the area occupied by the better-drained portions of the 
type. Upon well-drained fields of alfalfa south of Toledo, Ohio, 
34 to 4 tons of hay per acre are obtained in three or four cut- 
tings each year. Such a field is shown in Plate V, figure 1. The 
stand of alfalfa usually lasts for four or five years. It is then ad- 
visable to plow the land for corn, as Kentucky bluegrass will usually 
invade the fields to such an extent that tillage for a year and 
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then reseeding to alfalfa is more profitable than continuing the 
harvesting of the mixed hay. 

Winter wheat is a minor crop upon the Clyde clay, although it was 

formerly extensively grown. The yields are still above the average 
for the wheat-growing States, but the increased value of the land 

has rendered the production even of fairly large crops no longer 

profitable. Yields of wheat range from 15 to 25 bushels per acre on 

the Clyde clay. ; 
Within recent years sugar beets have come to be grown to quite an 

extent upon the Clyde clay. The tonnage secured is good, ranging 
from 10 to 12 tons per acre of beets of rather high sugar content. 
The beets are grown to best advantage where tile drainage has been 
established. They may not be grown where drainage has not been 
perfected, at least by open ditches. A very uneven stand is obtained 
where drainage is neglected. It is probable that the Clyde clay is 
second in value only to the Clyde loam as an eastern sugar-beet soil. 
The acreage upon this type should be extended as rapidly as factory 
facilities are provided. 

Potatoes are grown on this type only to a very limited extent and 
chiefly for home use. Wherever another more friable soil is avail- 
able it should be used for Irish potatces in preference. Yet yields 
of 100 bushels or more per acre may be obtained upon well-drained 
land. The tubers are likely to be rather dense and to cook to a dark 
color. 

It is apparent from the crop adaptations of the Clyde clay that it 
is a soil whose most productive crops are especially well suited to 
the fattening of beef cattle, the feeding of dairy cows, and the grow- 
ing and fattening of hogs. This type of farming is being gradually 
extended over the different areas of the Clyde clay, although the 
present dominant form is usually that of producing corn, other 
grains, and hay for sale. The fact that corn, mixed grasses, blue- 
grass for pasture, and even alfalfa, may be grown to excellent 
advantage upon this soil marks it as destined to become more and 
more a stockgrowing and dairying type. 

In all cases where the Clyde clay has been drained and used for 
tillage forms of agriculture the equipment of farm buildings is that 
of a prosperous general farming community. The dwellings and 
outbuildings are most commonly frame structures or the house is 
of brick. The teams used are among the heaviest and best of the 
Central States. The implements and machinery used are commonly 
of improved sorts well suited to the management of a stiff and re- 
fractory soil. Yet there are portions of the type where drainage 
is just becoming established where the old log house and barn still 
persist and where the improvements have not yet attained to the 
excellent condition of the longer occupied areas. There are still 
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thousands of acres of this excellent soil that await drainage and 
occupation. 

CROP USES AND ADAPTATIONS. 

A general review of the crop adaptations of the different soils of 
the Clyde series may be presented in tabular form. The materials 
from which this tabulation is compiled comprise the results obtained 

in 26 different soil surveys, located in 6 different States, and cover- 
ing an aggregate area of more than qa million and a quarter acres of 
the ditierent soils. Because of the widespread distribution of the 
areas and of the very different conditions of drainage and utilization 
which are prevalent in these different areas, the tabulation is decid- 
edly generalized, and may be taken to comprehend the chief crop 
adaptations of each soil type, with local differences of climate and 
of drainage, either natural or artificial, eliminated, or at least sub- 
ordinated to a rank of minor importance. The instances considered 
also comprehend considerable variations in market and transporta- 
tion facilities, so that the general summary possesses the widest pos- 
sible application. 

This table is to be understood to refer only to the agricultural 
conditions as they exist at present in the region chiefly occupied by 
the soils of this series. The table makes no prediction as to ultimate 
crop adaptations when the soils of this series have become more gen- 
erally and more thoroughly drained, or when a larger number of 
different crops has been tried out and the unsuited crops discarded 
for those which give the best economic results. 

Tabular summary of the crop adaptations of soils of the Clyde series. 

| Specific adaptations. 

Soil type. 

Of prime importance. Of moderate importance. May be grown. 

Sand group: 
Clyde sand......... 

Clyde gravelly sand. 
Clyde fine sand..... 

Sandy loam group: 
Clyde sandy loam. . 

cides stony sandy 

Clyde fine sandy 
loam. 

Loam group: 
Clyde loam ......2.. 

Clyde silt loam..... 

Clay group: 
Clyde silty clay 

loam. 
Clyde clay loam.... 

Clyde clay.......... 

| 

Corn, oats, hay, beans. 

Corn, oats, hay, sugar 
beets, beans. 

Corn, oats, hay, sugar 
beets. 

Corn, hay, sugar beets. 

Corn, oats, hay, blue- 
grass pasture. 

Corn, hay, sugar beets, 
bluegrass pasture. 

Rye, beans, early Irish 
potatoes, clover. 

Rye, buckwheat, clover. . 

Corn, oats, timothy and 
clover, beans. 

Corn, oats, timothy and 
clover, beans. 

Wheat, sugar beets........ 

Wheat, rye, barley, buck- 
wheat. 

Pasturage, in poorly drain- 
ed areas. 

Oats, barley, cabbage...... 

Cabbage, onions........... 

Wheat, oats...... besitos 

Corn, oats, mixed hay. 

.| Corn, oats. 
Rye, Irish potatoes, clover. Corn, mixed hay. 

Sugar beets, tomatoes, po- 
tatoes, alfalfa. 

Sugar beets, wheat, oats, 
apples. 

Cabbage, onions, chicory. 

Cabbage, alfalfa, apples, 
pears, quinces. 

Late potatoes, cauliflower. 

Late potatoes (small area 
cleared and drained). 

Late potatoes, alfalfa on 
tile-drained land. 
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Fic. 1.—THIRD CUTTING OF ALFALFA IN ONE SEASON. TILE DRAINED CLYDE CLAY, 

NEAR GENOA, OHIO. 

Fig. 2.—PULLING SUGAR BEETS, NEAR Owosso, MICH. 
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Fic. 1.—TOPPING BEETS. CLYDE LOAM, NEAR ST. JOHNS, MICH. 

Note piles of tops available for stock feeding. 

Fig. 2.—LOADING BEETS TO HAUL TO SHIPPING STATION, NEAR GENOA, OHIO. 
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FIG. 1.—WEIGHING IN AND SAMPLING BEETS PRIOR TO SHIPMENT TO THE SUGAR 
FACTORY, NEAR Owosso, MICH. 

Fic. 2.—SHIPPING SUGAR BEETS AND CABBAGE, NEAR RACINE, WIS. 
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Fig. 1.—LOADING CARS BY MEANS OF CHUTES. A LABOR-SAVING DEVICE IN SHIPPING 

BEETS. 

Fia. 2.—A Day’s LOADING IN THE MICHIGAN SUGAR-BEET TERRITORY. 
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SUGAR BEETS. 

The climatic zone within which sugar beets may be advantageously 

grown under humid conditions crosses the northern part of the 

United States, including practically all of the Great Lakes region. 

Within this section of the country there is a wide diversity in soils 

and upon many of these different soils the cultivation of the sugar 

beet has been attempted at one time or another during the last 20 

years. Asa result of the gradual elimination of soils not well suited 
to the crop the industry in the north-central States has become some- 
what concentrated within areas which are dominated by the soils of 
the Clyde series. The first intimation of this was obtained by the 
Bureau of Soils in the summer of 1904, when soil surveys were made 

in several areas through the southern peninsula of Michigan for the 
purpose of determining the kinds of soil best suited to the growing 
of sugar beets upon a commercial scale. 

While sugar beets may be grown upon quite a variety of soils* it 
soon became evident from a field study of the soils of the beet-pro- 
ducing region that a typical beet soil must be one which is in such 
physical condition as to maintain a considerable supply of soil mois- 
ture during the growing season without becoming waterlogged; that 
the best sugar-beet soils were also sufficiently friable to enable the 
beet roots to penetrate to a considerable depth; that the most suc- 
cessful crops were grown upon soils well supplied with organic mat- 
ter; and that the tonnage of the crop was generally greatest upon 
soils which were at least mildly calcareous. 

The heavier soils of the Clyde series meet all of these requirements, 
and it became evident that the sugar content and index of purity of 
the beets grown upon the different soils of the Clyde series always 
compared favorably with those of beets grown upon any other soils, 
while these factors of quality were usually best in beets grown upon 
the Clyde loam or some very similar soil. 
A consideration of the acreage and yield of sugar beets in the lake- 

region States will serve to show how closely the growing of sugar 
beets is associated with the soils of the Clyde series. 

The State of Michigan reports considerably more than one-fifth 
of all the acreage of sugar beets grown in the United States in 1909.? 
Only the States of Colorado and California exceed the Michigan 
acreage, and the latter State only by a few acres. Wisconsin is the 
only other Eastern State which produces any large acreage, although 

portions of Ohio and Indiana show small plantings. 

1See Farmers’ Bulletin No, 568, Sugar-beet Growing under Humid Conditions, for a 

complete discussion of sugar-beet growing. 

2Census of the United States, 1910. 
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It is more than a mere coincidence that the counties in Michigan 
which report over 1,000 acres of sugar beets all contain large areas 

of the soils of the Clyde series, while all but one of such counties lie 

in or adjacent to the glacial lake basins where the soils of the series 
dominate. The six leading Michigan counties in sugar-beet acreage 
are Bay, Gratiot, Huron, Saginaw, Shiawassee, and Tuscola. Refer- 
ence to the map, figure 1, will show that all of these counties le in or 
adjacent to the area of the old glacial Lake Saginaw. These six 
counties contain two-thirds of the total acreage of sugar beets grown 
in the State, and they yield over seven-tenths of the total tonnage 
produced. <A field inspection of the location of the beet acreages in 
such counties as Shiawassee, where only a portion of the total area 
lies in the lake basins, only emphasizes the close association of beet 
production with the glacial lake soils which are classed in the Clyde 
series. The greatest area devoted to sugar beets is invariably located 
within the lake basins and upon soils of the Clyde series. 

The case in Ohio is even more marked than in Michigan. All of 
the Ohio counties which report more than 200 acres of beets are so 
jocated as to be dominated by the soils of the Clyde series. They lie 
in or adjacent to the area of the ancient glacial Lake Maumee. The 
soils are chiefly members of the Clyde series, with the Clyde clay, 
clay loam, and loam most extensively developed. In this region ex- 
tensive tile underdrainage has rendered even the more claylike and 
compact soils suitable for beet growing. 

The association of beet-growing areas and the presence of soils 
of the Clyde series is not so obvious in Wisconsin as in the other two 
States. This arises from the fact that the soils of the Clyde series 
are distributed through a large number of small local lake basins, 
in the main, and the details of beet production are not sufficiently 
precise to permit of close correlation with these small and scattered 
areas. Yet a field examination of the territory shows that the soils 
of the Clyde series in Calumet, Fond du Lac, Kenosha, Milwaukee, 
Racine, and Waukesha Counties are utilized for beet growing, while 
smaller areas in Dane and Rock Counties, together with other closely 
related soils, are the chosen ones for beet growing in these leading 
beet-producing counties of the State. 
Among the soils of the Clyde series the Clyde loam is the best for 

beet production, although well-drained areas of the Clyde clay and 
portions of the Clyde fine sandy loam, which are particularly weil 
supplied with organic matter in the surface soil, are also excellent 
beet soils. The yields upon the Clyde fine sandy loam are not usually 
so heavy as upon the Clyde loam, while the stiff surface soil of the 
Clyde clay does not favor the intensive tillage required by the grow- 
ing crop, and it also offers considerable resistance to root penetration. 
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Both of these difficulties may be overcome by perfecting the drainage 
and by the careful preparation of the land prior to seeding to beets. 

It is probable that the greatest acreage of sugar beets grown upon 
any one of the eastern soil types is produced upon the Clyde loam. 
Yet only a very small percentage of the total available acreage of this 
one soil has been utilized for sugar-beet growing. . 

If this and other well-suited types of the Clyde series were also 
used for sugar-beet growing the acreage devoted to this crop could be 

considerably increased in the humid region. 
Until the soils of the Clyde series have been more completely 

occupied for beet culture there should be little extension of acre- 
age upon other eastern soils not so well adapted to this crop, although 
certain upland soils of glacial origin? which are well drained and 
well supplied with organic matter are also available for an even 
greater development of the beet-sugar industry. 

The production of sugar beets in the humid regions of the United 
States is of such recent origin and the areas within which beets are 
now grown are so localized that an account of the chief steps in the 
agricultural practice is essential to show under what conditions beet 
growing may pr ofitably be undertaken upon added areas of the soils 
of the Clyde series. 

Tt has been quite generally the custom ae plant beets upon land 
which was in sod during the previous year. The beets thus take 
about the same place in the rotation as corn and frequently replace 
a part of the acreage formerly given to that crop. The preparation 
of the land for beets is about the same as for corn, except that deeper 
plowing is considered advisable to aid the taproot of the beet in its 
deeper development. It is essential that thorough cultivation should 
be given the land prior to planting, so that as many weeds as possible 
may be germinated and killed before the seeding of the crop. Beets 
will stand some degree of frost and may be planted at an early 
period, usually in the latter half of May, even in the more northern 
localities. The land must be dry at the surface, for standing water 
will always give an uneven germination and incomplete stand of the 
plants. 

Special beet drills are used and the rows are variously spaced, but 
usually at 24 to 28 inches. The drills sow the seed thickly, and the 
crop must be thinned to a stand after the tops have grown to a height 
of about six inches. This is done entirely by hand labor. Fre- 
quently the companies for which the beets are grown contract to 
furnish all of this hand labor at a stated price per acre. The beets 
are also hoed once or twice during the season by the best growers, and 
the sides of the ridges are lightly dressed with the hoe at these times. 

+The deep phase of the Miami silt loam, particularly in southeastern Wisconsin, is one 

of the most extensive of these soils. 
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Frequent cultivation with horse cultivators is essential, and the most 

successful growers state that the more frequent and the deeper the 
cultivation the larger the crop. All of the horse labor in connection 
with the tillage of the crop is performed by the farmer who contracts 
the acreage. 

Under ordinary climatic conditions the crop is ready for harvest- 
ing in the middle or latter part of September, throughout the Great 
Lake region. The first step is that of hfting the beets. This is 
accomplished by the use of a special tool, built like a large subsoil 
plow with narrow flanges set to raise the earth as the plow passes 
between the rows. The beets are thus loosened in the soil. They 

are pulled by hand and this labor is usually furnished by the com- 
pany at a fixed charge per acre. (See Pl. V, fig. 2.) The beets are 
topped in the field as they are pulled (Pl. V, fig. 2, and Pl. VI, fig. 
1) and the roots are loaded on wagons (PI. VI, fig. 2) for transporta- 
tion directly to the factory or for weighing in (Pl. VI, figs. 1 
and 2) and shipment by rail (Pl. VIII, figs. 1 and 2). When 
weighed, the beets are also sampled to secure representative roots 
for analysis, as the majority of the factories pay for the beets upon 
the combined basis of tonnage and sugar content. 

The fertilization of lands upon which beets are grown has not been 
varied greatly from the common farm practice for corn. Stable 
manure is applied either to the clover sod before plowing or to the 
beet land after it has been plowed. Even this is omitted in the 
majority of instances and only the rotting vegetation is depended 
upon for direct fertilization. Some few growers have used small 
quantities of complete commercial fertilizer upon beets. From 200 to 
300 pounds of a formula commonly used for corn has been used. It 
analyses about 3 per cent of nitrogen, 9 per cent of phosphoric acid, 
and 3 per cent of potash. Upon much of the land now used for beet 
culture it is probable that the use of commercial fertilizers is not 
fundamentally necessary. Yet the use of lime, in the form of 
ground limestone, quick lime, slaked in the field and applied broad- 
cast, or the refuse ime from the beet factories would prove decidedly 
beneficial. Few farm crops are more favorably affected by liming ~ 
that the sugar beet. It is also desirable that large amounts of 
organic manures should be thoroughly incorporated with the surface 
7 to 9 inches of soil. This is the reason for the general use of clover 
sod for beet growing. Where possible it would be good practice to 
apply stable manure to the clover sod before turning it under for 
the beet crop. This may be done immediately before plowing, or the 
manure may be broadcasted over the grass land the year previously 
so that its first effects are gained by the growing grass and the 
residual benefits are secured by the beets. 
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_ The prime necessity for securing large yields of beets upon the 
Clyde loam and, in fact, upon all of the heavier soils of the Clyde 
series is adequate drainage. This should be perfected not only for 
the surface of the land but also for the subsoil to a depth of 2 or 3 
feet. It can only be made most effective and more nearly permanent 
when it is accomplished through thorough tile underdrainage. The 
outlets for complete farm drainage are usually provided by the 
county and township ditches and nearly every farm on the Clyde 
loam or clay loam may be connected with such outlets. 

For complete drainage on such dense soils as the Clyde loam, clay 

loam, and clay. lines of tile should be located at intervals of not 
more than 60 feet while an interval of 40 feet is not too close in 
many cases. The tile should be laid at a minimum depth of 2 feet 
to 30 inches and tile of smaller inside diameter than 4 inches should 
not commonly be used. The best beet fields upon both the Clyde 
loam and clay were invariably found to be tiled. The more adequate 
drainage resulted both in a more nearly perfect stand and in the 
added length and weight of the mature beets. Danger from poor 
germination was avoided in the early part of the season, while greater 
root penetration into the more porous and friable soil gave greater 
opportunity for maximum growth than upon any of the fields not 
tile drained. It is estimated by some growers that the cost of tiling 
the fields is repaid by two or at most three beet crops through in- 
creased tonnage and higher sugar content of the beets. Other crops 
grown in rotation with the beets are, of course, correspondingly 
benefited. 

The yields obtained upon the several soils of the Clyde series have 
been stated in the general discussion of the different types. For the 
sake of comparison they may be restated. 

While the more sandy members of the series may be used locally 
for beet growing this is not advisable, and the Clyde fine sandy loam 
is the coarsest textured soil upon which good yields are consistently 
obtained. The Clyde fine sandy loam gives average yields of 10 to 
12 tons per acre. The Clyde loam produces 7 to 10 tons per acre 
upon lands not tile drained, and yields of 12 to 18 tons per acre upon 
tile-drained lands where the greatest care is exercised in the prepara- 
tion of the land and the fertilization of the beets. It is probable that 
the general average for the type is in excess of 10 tons per acre, 
ranging upward on the better drained portions of the type and down- 
ward upon lands where drainage is not so complete. A few areas 
of the Clyde silty clay loam, which have been planted to beets give 
large yields of relatively low sugar content. The yields are reported 
to range from 12°to 18 tons. In almost all cases these yields were 
obtained upon new land, recently drained and placed under cultiva- 
tion. It is probable that as this soil is used longer for beets and 
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other crops that the tonnage will somewhat decrease and the sugar 
content increase. The Clyde clay gives average beet crops ranging 
between 10 and 12 tons per acre. In northwestern Ohio yields of 
15 tons per acre upon well-drained areas of the Clyde clay are not at 
all unusual. The region where the beets are grown upon the Clyde 
clay in the Maumee Basin is rather more calcareous than the aver- 
age, and there has been a general adoption of tile underdrainage. 

It is probable that under equal conditions of skill in growing and 
with all lands properly tile drained,.the valuation of the soils of 

the Clyde series for beet production would about follow the average 
mechanical composition of the types. The Clyde fine sandy loam 
would be the coarsest grained soil generally advisable for the crop. 
The Clyde loam, because of its wide distribution, would remain one 
of the most important soils for this crop. The Clyde clay would be- 
come of far greater importance than at present, but only on the 
completion of added drainage facilities. The largest yields per acre 
might be expected from the clay, but the majority of farmers under 
the natural conditions would probably find that the Clyde loam was 
the safest soil.upon which to plant the crop. It is certain that only 
limited areas of other upland soils will be found te compete on even 
terms with these soils of the Clyde series for the extensive and long 
continued cultivation of beets. 

BEANS. 

While beans are chiefiy grown upon upland soils, both in southern 
Michigan and western New York, they are also produced upon the 
better-drained areas of various members of the Clyde series. In 
Michigan the six leading counties in acreage and preduction of 
beans are all counties which contain considerable areas of the more 

sandy members of this series. These and the upland soils both con- 
tribute to the success of bean production. 

In New York State, the connection between the soils of the Clyde 
series and the production of beans is not so close, chiefiy because the 
larger areas of the Clyde soils are not so well drained either natu- 
rally or artificially as in more western occurrences. 

The soil surveys which have been made in both States show that 
for bean production the more sandy soils of the series and the better 
drained areas of the Clyde loam are the soils of the series most suc- 
cessfully used for bean growing. Beans are not reported as a princi- 
pal crop upon any of the types more dense than the loam, while the 
larger acreages are always found on the Clyde sandy loam and Clyde 
fine sandy loam. From the soil survey reports it is possible to give a 
general idea of the average yields from the different soil types of 
the Clyde series. The bean yields upon the Clyde sand are obtained 
from a small acreage only, but average from 12 to 16 bushels per 
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acre. The yields upon the Clyde sandy loam range from 8 to 20 
bushels, with an average around 12 bushels per acre. The small 
area of the Clyde stony sandy loam, probably because of better drain- 
age, shows a range in yields from 10 to 20 bushels per acre. The 
Clyde fine sandy loam is one of the types of the series particularly 
well adapted to bean growing, and the yield is given as ranging from 
10 to 25 bushels per acre. It is probable that the general average for 
the type is about 15 bushels. The portions of the Clyde loam which 
are particularly well drained are found to give large crops of beans, 

and the yields range from 18 to 25 bushels per acre, with an average 
probably exceeding 20 bushels. Such a field is shown in Plate IX, 
figure 1. There is an excellent opportunity to extend bean produc- 
tion upon this soil as additional areas are improved with tile under- 
drainage. Beans should constitute a part of the regular crop rota- 
tion on the best drained areas of the Clyde loam and should be in- 
creasingly grown where the somewhat more profitable sugar-beet 
crop has not been introduced or may not be grown at present. be- 

cause of distance from shipping point or factory. 

Beans require a well-drained soil, naturally well supplied with 
organic matter, mildly calcareous, and in good fertile condition. 

They may be grown upon less desirable soils, but the most profitable 
crops are always secured upou land as fertile as is required for the 
production of a good crop of corn. For beans the soil must be warm 
and well drained in order to give good germination and a consequent 
complete stand. The land should be stone free so that improved ma- 
chinery may be used to the best advantage for the harvesting of the 
crop, yet good yields may be obtained upon gravelly and even stony 
soils. 

The best farm practice tends toward planting beans rather late in 
the season after the surface soil has become well warmed and is in 
good condition to give high germination, since beans are intolerant 

of wet, cold weather at planting time. Frequent shallow cultivation 
is required during the season. Many growers depend upon the re- 
sidual effects of stable manure applied to a corn crop for the fer- 
tilization of the bean crop. Others plant upon stubble land and use 
small quantities of fertilizer containing a large proportion of phos- 

phoric acid, a smaller proportion of potash, and little nitrogen. 
Harvesting usually is accomplished by the use of special machinery 

which pulls two rows of beans at a time and throws the vines into 
a windrow from which small bunches are formed by hand. The 
beans are field cured and usually carried to the barn for more com- 

plete curing before thrashing. The harvesting is frequently de- 
layed until after the first hght frosts of autumn. 
A yield of less than 14 to 15 bushels of beans per acre is not usually 

profitable because of the amount of labor required for the care and 
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harvesting of the crop. The best growers, especially upon well- 
drained land, obtain yields which range from 18 to 25 bushels. 

These are decidedly profitable, and beans should constitute an im- 
portant field crop upon all of the better drained and more porous 
members of the Clyde series of soils. 

CABBAGE, ONIONS, AND CHICORY. 

Cabbage is grown on a small acreage upon several types of the 
Clyde series. Upon the Clyde sand-and fine sandy loam cabbage is 
produced for local markets and constitutes an early special crop. 
The yields range from 8 to 14 tons per acre and the crop is ready for 
market in August or early September. The total acreage, thus 
grown, is small and confined to the near vicinity of city markets. 

Cabbage is also grown as a shipping or storage crop upon the 
heavier members of the Clyde series, particularly upon the Clyde 
loam, clay loam, and silty clay loam. The acreage on the Clyde loam 
is small, but the yields obtained are fair. A production of 8 to 15 
tons per acre of marketable heads is common. 

The Clyde clay loam and silty clay loam are far more extensively 
used for cabbage growing than any other members of the series. In 

the vicinity of Racine, Wis., several hundred acres of cabbage are 
annually grown, both fer the local city markets and for shipment to 
southern cities. Danish Ball Head, Flat Dutch, and other shipping 
varieties are chiefly planted. The crop is grown in regular rotation 
with other field and truck crops and the average yields vary from 10 
to 15 tons per acre, dependent upon seasonal variations, chiefly. It 
has been found that cabbage should follow onions in the truckers 
rotation, while they may be grown upon clover sod or after corn in 
the general farming rotation. Cabbage should not be grown more 
frequently than once in four years upon the same land in either rota- 
tion. This interval is essential to assist in the control of fungous 
diseases. It is a good practice to lime the land where cabbage is to 
be grown, using either a ton of burned lime per acre or an equivalent 
in the form of 2 or more tons of ground limestone. The source of 
supply for the latter material is near at hand in the case of the 
Racine, Wis., area and not usually remote in other instances. Stable 
manure, plowed under in the fall before the crop is planted, consti- 
tutes one of the best fertilizers for cabbage, while various commercial 
fertilizers in moderate amounts are used by some truckers. Usually, 
the general fertility of the soil is chiefly depended upon for the grow- 
ing of cabbage upon the Clyde soils. The yields obtained are high 
under these circumstances. Wherever there is a fair local market or 
an opportunity to ship to advantage, cabbage growing might well be 
extended upon the heavier soils of the series. 
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Fic. 1.—A TYPICAL FIELD OF NAvy BEANS AS GROWN ON 

THE SOILS OF THE CLYDE SERIES, NEAR FLINT, MICH. 

Fi@. 2.—UNDRAINED CLYDE FINE SANDY LOAM. BIRCH, TAMARACK, AND RUSHES THE 

ONLY PRODUCT. 



Bul. 141, U. S. Dept. of Agriculture. PLATE X. 

Fig. 1.—A COUNTY DRAINAGE DITCH IN CLYDE LOAM. 

Hundreds of square miles of this productive soil have been reclaimed 
for agricultural uses in this manner. 

FIG, 2,—CLEARING THE CLYDE CLAY IN PREPARATION FOR TILE UNDERDRAINAGE. 

Note the excellent crop of corn on land already tiled. 
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Onions are grown to some extent upon various soils of this group. 
The Clyde fine sandy loam is the type best suited to onion culture, 
although the Clyde clay loam when well drained and in good physical 
condition at the surface also constitutes an excellent soil for the crop. 
On the Clyde fine sandy loam onions yield from 300 to 500 bushels 
per acre under ordinary conditions of cultivation, while crops in 
excess of 800 bushels are reported upon the well-drained and heavily 
fertilized land. The crop is benefited by the application of large 
quantities of stable manure and by the use of fertilizer high in nitro- 
gen and potash. The use of considerable amounts of organic manure 
is necessary for the best results with onions upon the Clyde clay loam, 
as the surface soil must be rendered rather more friable than in the 
ordinary field condition. 

Chicory has been grown as a special crop upon the Clyde sand 
and Clyde sandy loam in certain parts of Michigan. Both of these 
soils give yields of approximately 10 tons per acre. The acreage 
devoted to the crop is rapidly diminishing since other more profitable 
crops may be grown upon both soil types. 

VEGETABLES. 

In the vicinity of the larger cities the more sandy members of the 
Clyde series are used to a rather small extent for market gardening. 
Wherever drainage has been installed and where stable manures may 
be obtained from city or other sources the Clyde sand, fine sand, and 
sandy loam constitute excellent market-garden soils. 

Early Irish potatoes, string beans, cucumbers, cabbage for summer 
marketing, cauliflower, tomatoes, and other garden vegetables are 
successfully grown upon all of these types. It 1s probable that celery 
would prove successful and profitable upon the Clyde sandy loam and 
fine sandy loam, especially where irrigation of the beds is possible. 

DRAINAGE. 

Until some form of artificial drainage was instituted, large areas 
of the different types of the Clyde series in all localities could not be 
occupied for any form of agriculture more intensive than the grazing 
of cattle during periods of especially dry weather. The larger part 
of all of the types now classed as soils of the Clyde series existed only 
in a swampy condition when the region where they are found was 
first explored. The northwestern counties of Ohio were long known 
as the “ Black Swamp” country, and it was not until within the last 
40 years that any great progress had been made toward the occupa-’ 
tion of this land for planting. The adjacent portion of Indiana was 
similarly a vast swamp until recent times. The region around Sagi- 
naw Bay was little used for farming before the early eighties. Even yet 
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there are thousands of acres of the fertile soils of the Clyde series, 
located in New York, Ohio, Indiana, Michigan, and Wisconsin, which 
are either swampy or in such poorly drained condition as to produce 
only hay or grass for pasturage. Other extensive areas remain in 
tracts of forest consisting of water-loving trees and undergrowth. 
(See Pl. IX, fig. 2.) 

In so far as the soils of the Clyde series have been reclaimed for 
agriculture, this has been accomplished through the extensive sur- 
face and under drainage of the lands so used. In nearly all of the 
larger areas occupied by soils of this series, drainage has already 
been accomplished through community effort in the construction of 
the larger drainage ditches and through individual effort in the 
draining of the farm lands into these outlets. This is the present con- 
dition in the Maumee Basin, in the Saginaw Bay region, and to a less 
extent in the smaller areas in Wisconsin where the Clyde soils are 
found. Such a county drainage ditch is shown in Plate X, figure 1. 

There is no single improvement in the condition of the soils of 
the Clyde series so essential to crop production as drainage. It 
is not sufficient to provide extensive open ditches for conducting 
away the surface waters. It is just as essential to provide com- 
plete tile underdrainage for the more dense members of the series, 
in order to reduce the amount of moisture held within the soils 
and deeper subsoils. The tiling of such land is shown in Plate 
X, figure 2. Only the shallow rooted crops may be successfully 
grown upon the Clyde loam and the heavier members of the series 
until tiling is installed. The largest crop yields observed in any of 
the soil surveys and during the special examination of the different 
soils of the series were always located upon tile-drained land or upon 
land which was so situated as to require little artificial drainage to 
supplement unusually good natural conditions. The widest ranges 
in crop adaptations were also closely associated with good natural 
conditions, or with artificial drainage to supplement unusually good 
natural conditions.. It would scarcely be possible to overestimate 
the value of drainage for the soils of this group. 
When drained, the soils of the Clyde series are almost universally 

of great natural fertility and of well-sustained producing power. 
They are composed of a heterogeneous mixture of many minerals; 
they are almost universally well supplied with lime—in the subsoil, 
at least; and they are unusually well provided with partly decayed 
organic matter in the surface soil. Through these characteristics 
they are easily worked and friable to a degree unusual in heavy, 
close-grained, swampy soils. Both the lime and the organic matter 
assist In maintaining good tillable condition, if the soils are handled 
with a normal degree of skill. 
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It is, therefore, very desirable that artificial drainage should be 
extended in areas where it has already been begun and that steps 
should be taken to reclaim these fertile and valuable soils in regions 
where community soil drainage and even local farm drainage are 
not yet practiced. The value of the reclaimed land is always sutli- 
cient to repay the expenditure for any well-planned drainage opera- 
tions upon the soils of the Clyde series. This has been proved by 
the success attained in the drainage of hundreds of thousands of 
acres of the different types. 
Many problems of engineering are involved in good file drainage. 

For discussion of these the person particularly interested is referred 
to Farmers’ Bulletin No. 524 of the United States Department of 
Agriculture. Also to the Special Bulletin No. 56 of the Michigan 
Agricultural Experiment Station and to numerous other experiment 
station bulletins. 

SUMMARY. 

The Clyde series includes types with dark-colored surface soils, 

usually well filled with organic matter, underlain by gray or mottled 
subsoils. 

They have been formed as glacial lake sediments, as terrace de- 
posits along glacial streamways, and as accumulations in small ponds, 
lakes, or in other positions of obstructed drainage within the 
glaciated region of the northern United States. The deeper sub- 
soils of the finer grained members of the series are usually calcareous; 
that is, they contain more than 1 per cent of lime carbonate. 

The soils of the Clyde series have been encountered in 37 different 
areas of which soil surveys have been made, located in 7 different 
States, and covering an aggregate area of 1,877,700 acres. 

They are chiefly found in level or depressed areas within the glacial 
lake and river terrace province. 

Because of the level topography and of prevalent dense subsoil con- 
ditions, the different soils of the Clyde series were usually swampy or 
very poorly drained in their natural condition. 

Soils of the Clyde series are found at all elevations from approxi- 
mately 250 to 800 feet above sea level, throughout the region of 
the Great Lakes. Usually there is little topographic relief in any 
small area and the slopes are gentle. Some members of the series 
consist of low ridges or gently undulating plains. 

The soils of the Clyde series are divided into 11 different types 
upon the basis of differences in texture. These range from gravelly 
sand to clay. 

The crop adaptations of the different soils of the series are given 
in detail in the text of the bulletin for the different localities in 
which they occur, 
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Sugar beets are the most important special crop. <A large part of 
the eastern-grown sugar beets is produced upon the Clyde loam, fine 
sandy loam, and sandy loam, and even upon the better drained areas 
of the silty clay loam and the clay. The average yields from the 
different types show that the tonnage and sugar content of the beets 
grown upon the Clyde loam and Clyde clay are usually greater than 
upon any other soils of this or other soil series. 

Beans constitute another special crop grown upon the better- 
drained areas of the soils of the Clyde series, particularly upon the 
Clyde loam and more sandy types. Good drainage is the chief 
essential to the production of large yields. 

Cabbage, onions, celery, and chicory are locally grown for nearby 
city markets or for shipment. 

Drainage is the mest important of all forms of soil improvement 
upon the soils of the Clyde series. Proper drainage not only increases 
the yields of crops now grown but also widens the crop adaptations 
of the different soil types. 

Extensive areas of the soils of the Clyde series have been brought 
under cultivation by means of artificial drainage. Other areas still 
remain undrained. In the case of these soils the cost of tile drainage 
is usually repaid within a short time by increased crop yields. 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 

THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 

WASHINGTON, D. C. 

AT 

15 CENTS PER COPY 

Vv 



, BULLETIN OF THE 

Ss) USDEPARENT OFAC 
No. 142 

Contribution from the Bureau of Soils, Milton Whitney, Chief. 
December 29, 1914. 

THE MIAMI SERIES OF SOILS. 

By J. A. BonstTEEL, Scientist in the Soil Survey. 

INTRODUCTION. 

The Miami series comprises an important group of soils which are 
distinguished by prevailing brown, light-brown, or gray surface soils 
and yellowish-brown or darker brown subsoils. In the heavier mem- 
bers of the series, especially where the natural drainage is not com- 

plete, the deeper subsoils are mottled with shades of brown and 
gray. 

The topography of the different members of the series ranges from 
nearly level or only gently undulating to more rolling and ridged. 
Locally, sharply sloping ridges and small areas in which erosion has 
developed a choppy surface are encountered. By far the greater 
part of the area occupied by the important types of the series is 

best described as gently undulating to moderately rolling. 
The natural drainage over a large part of the territory occupied 

by this series is fair to good. In the more nearly level tracts, par- 
ticularly of the heavier soils, artificial underdrainage is highly 
beneficial. 

In its original condition practically the entire extent of territory 
occupied by the soils of this series was heavily forested with hard- 
woods. Beech was the dominant growth on the more nearly level 
tracts, while sugar maple was most commonly found in the more 
‘rolling and better drained areas. Associated with these trees were 
walnut, several species of oak, basswood, and elm and ash, the two 
latter in areas where drainage was markedly deficient. 

The soils of the Miami series are all derived from a thick sheet 
of glacial drift which covers the general region of their occurrence, 
extending to depths varying from a few feet to more than 350 feet. 

The deeper subsoils of the Miami series are generally calcareous 
to a varying degree, but it is a common characteristic of practically 
all of the surface soils that they are lacking in lime, and their agricul- 
tural value is generally increased by the addition of this material. 

Notr.—This bulletin is of interest to those engaged or desirous of engaging in farming 
in the North Central States. 4 

55813°—Bull. 142—14-_1 
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The soils of the Miami series do not occupy all the territory within 
which they are developed. In addition to these soils, and closely 
associated with them in the lower peninsula of Michigan and in 
portions of central Wisconsin, are those of the Coloma series. The 
latter are distinguished by light-brown to gray surface soils, yellow 
or reddish subsoils, and by their derivation from noncalcareous ma- 
terials. They are prevailingly more gravelly and sandy than the 
soils of the Miami series. 
Throughout all of the more nearly level areas occupied by the 

Miami soils there are large and small areas of soils which have dark- 
gray or nearly black surface soils and gray, drab or mottled sub- 
soils. These soils are classed in the Clyde series, and are distin- 
guished by the large quantities of organic matter which have accu- 
mulated in the surface soil. They occupy areas in which obstructed 
drainage gave rise to small ponds, or to swamps. They occur in 
the depressions and level areas lying between the low swells and 
ridges occupied by soils of the Miami series. 
Toward the western boundary of the Miami series these soils are 

associated with dark-brown or black soils, which are classed as the 

Carrington series. Originally the Carrington soils were mainly 
prairie. They are of glacial origin, and usually calcareous in the 
subsoils, but are distinctly and uniformly much darker in color 
than the soils of the Miami group. 

In nearly every area in which the soils of the Miami series are 
encountered there are also found extensive areas of water-worked 
and stratified soils of glacial origin which were deposited either as 
terraces along streams issuing from the melting ice or in the form 
of nearly level outwash plains of varying size. Several different 
series of soils have thus been formed. They are all distinguishable 
from the soils of the Miami series through the presence of stratified 
beds of sand and gravel at or near the surface and through the pre- 
dominance of gravelly and sandy soils. 

GEOGRAPHICAL DISTRIBUTION. 

The soils of the Miami series occur most extensively in the west- 
ern part of Ohio, the central and northeastern part of Indiana, in 
southern Michigan, south of a line connecting Bad Axe and Muske- 
gon, in the Traverse Bay region of Michigan, in extreme north- 
eastern Illinois, throughout eastern Wisconsin, and in a portion of 
the upper peninsula of Michigan, adjoining Green Bay. The loca- 
tion of the Miami series of soils is shown in figure 1. 

The eastern boundary of the region dominated by the soils of the 
Miami series extends southward from the vicinity of Tiffin, Ohio, 





4 BULLETIN 142, U. S. DEPARTMENT OF AGRICULTURE. 

through Bucyrus and Columbus to the vicinity of Chillicothe. The 
line is irregular, and coincides roughly with the eastern boundary of 
the Scioto Basin. From the vicinity of Chillicothe the southern 
boundary extends generally westward through Hillsboro and Hamil- 
ton, Ohio, to the Indiana State line. In southeastern Indiana the 
southern boundary is irregular and crenulated, swinging north nearly 
to Connorsville, and thence southwestward through Greenburg to a 
point seme 20 miles southeast of Columbus. Thence it extends 
northwestward through Columbus and Martinsville nearly to Green- 
castle. From this point the western boundary of the region ex- 
tends in a generally northward direction, following approximately 
the course of the Wabash River, between Logansport and Coving- 
ton. Between the Wabash and Tippecanoe Rivers a large area of 
the soils of this series extends westward to the eastern part of 
Pulaski County. The western boundary thence swings eastward to 

the vicinity of Warsaw, and northward in a very irregular line to 
Elkhart. From this point it crosses into Cass County, Mich. In 
southwestern Michigan the soils of the Miami series are so intimately 
associated with those of the Coloma series and with the soils of the 
extensive outwash plains that it is almost impossible to establish 
boundaries between sections dominated by the soils of the Miami 
series and those in which soils of other series predominate. How- 

ever, along the border of Lake Michigan and extending around its 
southern end there is a belt of rolling and elevated territory within 
which the Miami soils are decidedly important. This belt stretches 
from the vicinity of Kalamazoo through the extreme southwestern 

part of Michigan, around the end of Lake Michigan, but at some 
distance from the shore. 
From Tiffin, Ohio, through Fostoria and Findlay to the north of 

Lima, Ohio, and thence to the vicinity of Fort Wayne, Ind., the 
soils of the Miami series are bordered to the north throughout the 
Maumee Basin by an extensive, nearly level area, in which the soils 
of the Clyde series are the most extensive. There are a few small 
areas of Miami soils within this basin of the Maumee River. 
From Fort Wayne, Ind., the eastern boundary of the area within 

which the soils of the Miami series predominate extends in an almost 
due northeasterly direction to a point in the “thumb” of Michigan 
immediately north of Bad Axe. To the east and south of this line 
the soils of the Clyde series are extensively developed between the 
area of Miami soils and the shores of the Lakes. In the Saginaw 
Bay region the boundary of the Miami series extends southwestward 
from near Bad Axe to the vicinity of Flint and thence westward to 
a point a little to the northwest of St. Johns, Mich. Thence it fol- 
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lows an irregular course to the north as far as the northern boundary 
of Gladwin County, thus extending around the shore line of Saginaw 
Bay at a distance varying from 25 to 50 miles inland. 
From the southwestern corner of Ogemaw County, Mich., the 

boundary of the area within which the soils of the Miami series are 
chiefly developed extends southwestward to the vicinity of Newaygo, 
Mich., and thence southerly near the shore of Lake Michigan to St. 
Joseph. It will thus be seen that a large total area in the southern 
part of the lower peninsula of Michigan is occupied by the soils of 
this series, although soils of the Coloma and other series derived 
from the glacial outwash are closely associated with the soils of the 
Miami series, and that in some localities, as along the southern 

boundary of Michigan between Hillsdale and Three Rivers and 
thence northward to Kalamazoo, the soils of the Miami series occupy 
only a small part of the territory. 
A disconnected area of soils of the Miami series is also encountered 

in the Traverse Bay region. It occurs as a narrow belt of elevated 

land along the eastern shore of Lake Michigan, extending from the 
vicinity of Manistee to Traverse City, Mich., and as a broader belt 
between Great. Traverse and Little Traverse Bays. 

In eastern Wisconsin the western boundary of the area dominated 
by soils of the Miami series extends from the immediate vicinity of 
Beloit northwestward through Madison and thence northward to the 
vicinity of Portage, Wis. Thence it extends irregularly northeast- 
ward to a point west of Oshkosh. Nearly all of the territory lying 
between this line and the western shore of Lake Michigan is oceupied 
by the soils of the Miami series, although large areas of other im- 
portant soils are intimately associated with them. ‘This section is 
separated from a more northern area of Miami soils by the glacial 
lake deposits and by other soils of glacial origin covering a consider- 
able area in the lowlands which surround the southern end of Green 
Bay, and extend south and west of Winnebago Lake. 

While the regions as outlined contain all of the larger areas of 
soils of the Miami series which have been mapped in the progress 
of soil-survey work, it is probable that small local areas of the soils 
of this series may be encountered to the west of the territory indi- 
cated. There is little possibility of any extensive areas occurring 
in more southern and eastern localities. It should be held in mind 
that a wide variety of other soils of different origin and of different 
characteristics is associated with the soils of the Miami series within 
the area where these soils constitute the most extensive types, and 
the most important in agriculture. The detailed soil surveys of the 
mdividual county areas only can show the relative extent of the 
Miami and other soils and their intricate geographical distribution. 



6 BULLETIN 142, U. S. DEPARTMENT OF AGRICULTURE. 

PHYSICAL FEATURES. 

The soils of the Miami series occur in the northeastern part of 
the great Central Plain, which extends from the region of the 
Great Lakes southward beyond the Ohio River and westward be- 
yond the Mississippi. The greater part of this area, especially 
the extensive tracts in western Ohio and in central Indiana, is 
drained by streams belonging to the Mississippi drainage system. 
Large areas in the northern region are drained by the small tribu- 
taries of the Great Lakes. In general, the region consists mainly 
of extensive plains which range from about 600 feet in altitude to 
extreme elevations of 1,500 feet above sea level. 

The broader features of topographic relief within this region are 
primarily due to the elevation of the rock floor which underlies the 
surface deposits. The eastern border of the region is indistinctly 
separated from the more elevated Appalachian Plateau by a transi- 
tion from the more rugged topography of the plateau to the gently 
undulating plains to the west. Along a large part of this border the 
difference in relief is not so pronounced as to form a distinct bound- 
ary, there being only a gentle gradation from hilly and dissected 
country into a region whose interstream areas are but gently undu- 
lating and within which the major streams occupy narrow or broad 
trenched valleys of no great depth. Along this eastern border the 
elevation of the plain ranges from about 700 feet, east of Chillicothe, 
Ohio, to approximately 900 feet immediately east of Columbus and 
about 1,000 feet to the east of Bucyrus. Near its eastern border 
that part of the plain occupied by the soils of the Miami series sinks 
gently toward the basin of Lake Erie, the northeastern border of 
the section following the ancient shore lines of the glacial lake which 
occupied the Maumee Basin. This shore line has an elevation of 
about 800 feet above tide level throughout its extent, from Tiffin, 
Ohio, to Fort Wayne, Ind. The eastern boundary of the area, ex- 
tending from Fort Wayne to Bad Axe, Mich., has approximately 
the same elevation. 
From the eastern border of this region in central Ohio the plains 

undulate westward, gradually increasing in elevation until a maxi- 
mum altitude of 1,500 feet is attained over a small area in the vicin- 

ity of Bellefontaine. This marks the extreme altitude in an elevated 
ridge which extends in an almost due north and south direction from 
the vicinity of Bellefontaine to that of Hillsboro. This ridge varies 
from 25 to 40 miles in width and has an elevation of more than 1,000 
feet. It constitutes a gently rolling watershed separating the drain- 
age of the Scioto River from that of the Mad River and the Little 
Miami. 
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Another area within which the altitudes are greater than 1,000 
feet lies along the southern portion of the Ohio-Indiana State line 
from near Portland, Ind., to the vicinity of Liberty. This rolling 
upland separates the drainage of the Miami River from that of the 
Whitewater River, while a branch of the same ridge hes between the 
latter stream and the eastern tributaries of the East White River. 
These ridges do not exist as distinct topographic features, but merely 
comprise the higher elevations in a rolling country between the 
principal drainage basins of southwestern Ohio and southeastern 
Indiana. With few exceptions, the local slopes and changes of ele- 
vation are very moderate. The plain merely swells to higher inter- 
stream ridges and sinks to the broad, terraced valleys of the present 

streams. 

Toward the north the plain sinks in gentle undulations to the basin 
of Lake Erie and its continuation in the broad, flat drainage system 

of the Maumee River. 
The greater part of central Indiana consists of a nearly level plain 

having a slight inclination toward the drainage basin of the Wabash 
River on the north and west and toward the course of the White 
River in the south-central part of the State. Along the Wabash 
this plain sinks to elevations of 700 to 800 feet. The southwestern 
and western borders of the region occupied by the soils of the Miami 
series do not greatly depart from the 700-foot contour line through 
much of this region. 

North of the Wabash River the region is considerably more roll- 
ing, partly on account of the greater absolute elevation of the under- 

lying rock formations and partly because the area is dissected by 
numerous large streams which have cut comparatively deep channels. 

Beginning in extreme northeastern Indiana in the vicinity of 
Kendallville, an elevated area extends to the northeast past Hills- 
dale and Howell, Mich., to the vicinity of Lapeer. This rolling and 
ridged section has an extreme breadth of about 50 miles and lies 
chiefly above the 1,000-foot contour line. The elevation is due 
mainly to the altitude of the underlying rock which is near the sur- 
face, particularly in the vicinity of Hillsdale, and in part to the 
depth and ridgy character of the superficial glacial deposits over 
the more northern part of the ridge. From this ridge the land 
slopes to the southeast and the northwest in gently undulating or 
slightly ridged areas with intervening nearly level plains of varying 
size. 

The only other elevations in excess of 1,000 feet in the section of 
southern Michigan where the soils of the Miami series prevail occur 
along the extreme northwestern border of the area. 
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The small detached area in the Traverse Bay region occupied by 
soils of the Miami series ranges in elevation from about 600 feet to 

approximately 900 feet above sea level. The elevations within small 
areas vary more widely in this section than in any other part of the 
more eastern development of the Miami soils. It is a territory of 
undulating to hilly topography, with small areas of nearly level 
land. The nearly level areas are chiefly occupied by soils of other 
series. 

In general, the areas occupied by the soils of the Miami series in 
southern Michigan may be characterized as rolling to ridged in the 

more elevated portion as described, and as gently undulating plains 
through the greater part of central Michigan from Howell to the 
vicinity of Grand Rapids. The western and southwestern part of 
the lower peninsula is occupied by broad, low ridges parallel with 
the lake shore, with intervening extensive outwash valleys which do 
not usually comprise large areas of Miami soils. 

The small sections of northwestern Indiana and northeastern 
Illinois included within the region of mainly Miami soils consist 
chiefly of broad, flat ridges whose highest elevations do not exceed 
800 feet. The local variations in altitude are usually slight, and the 
slopes are gentle, except in minor areas. 

In the portion of eastern Wisconsin which is largely occupied by 
soils of the Miami series the topographic features differ materially 

from those within the territory already described. The land along 
the western shore of Lake Michigan from Racine to the mouth of 

Green Bay has an altitude of about 600 feet, or an elevation of 20 
to 40 feet above the level of the lake. From the shore of the lake it 
rises rapidly toward the west, elevations of 900 feet or more being 
attained along a line from the center of the Door Peninsula south- 
westward to the vicinity of Beloit, Wis. In part this altitude is 
caused by the elevation of the underlying rock floor; but the minor 
differences in elevation and slope, and to some degree the absolute 
altitude, are determined by the thickness of the superficial deposits 
which cover this region. The central ridge is marked by choppy, 

steeply sloping ridges with large and small intervening hollows and 

plains, which give an appearance of rugosity in marked contrast with 

the surface of the areas occupied by the soils of the Miami series in 

Indiana and Ohio. The rolling topography typical of southeastern 

Wisconsin is shown in Plate I, figure 1. Over a large part of the 

section in southeastern Wisconsin immediately west and northwest 

of the high central ridge there are long, rounded, nearly parallel hills 

which, with the intervening hollows, give a fluted aspect to the 

surface. 
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FIG. 1.—ROLLING TOPOGRAPHY OF THE MIAMI SERIES IN WAUKESHA COUNTY, 
SOUTHEASTERN WISCONSIN. 

[Miami silt loam in the foreground; Miami gravelly loam on the hills.] 

FIG. 2.—ROAD CUT IN GLACIAL TILL IN SOUTHERN MICHIGAN, SHOWING THE 
MINGLING OF STONES AND GRAVEL WITH THE FINER PARTICLES OF SAND 
AND CLay. 
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Fic. 1.—A CHARACTERISTIC CUT IN THE PARTIALLY WATER-SORTED DRIFT OF 

SOUTHEASTERN WISCONSIN. 

[The material is sandy and gravelly, and gives rise to such soils as the Miami gravelly 
sandy loam. ] 

Fic. 2.—A LIMESTONE LEDGE, KEWAUNEE COUNTY, WIS. 

{This rock underlies the rolling, glaciated upland. Glacial bowldersareseen in the stone 
fence. ] 
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From this region the area occupied by the soils of the Miami series 
extends westward in broad, undulating swells, the elevation varying 
widely within the limits of a county, while smaller areas are usually 
smooth or rolling. A general elevation of 900 to 1,000 feet is main- 
tained to the western border of the region of Miami soils near the 
Wisconsin River. Along the extreme western border some rough 
and hilly country is encountered within the known limits of the oc- 
currence of soils of this group. The most notable example of this 
topography is found in the eastern end of the Baraboo ridge imme- 
diately west of Portage, Wis. 

In general, the region occupied by the soils of the Miami series in 
Wisconsin not only possesses greater variations in elevation than the 
other sections dominated by these soils, but the local variations are 
greater, the slopes are more pronounced, and the surface is rougher 
and more complexly ridged than in the majority of the other regions. 

ORIGIN. 

All of the soils of the Miam+ series owe their origin to the glacia- 
tion of the region in which they occur. 

Within recent geologic times practically all of the northern part 

of the continent was repeatedly covered by glacial ice. The ice ad- 

vanced as far south as the region of the Ohio River and as far west 

as that of the Missouri. The successive-advances and retreats of 
the ice each occupied a considerable period of time and gave rise to 
different deposits of materials which cover the central part of the 
United States to depths ranging from a few feet to a maximum of 
400 or 500 feet. 

The soils of the Miami series are developed chiefly within the 
territory which was most recently covered by the ice. This inva- 
sion is known as the Wisconsin stage of glaciation. 

During the Wisconsin stage of glaciation the center of dispersion 
of the ice was undoubtedly within the region of the Canadian High- 
lands to the northeast of the Great Lakes. From this section the ice 
advanced as a thick sheet over all the territory to the south, ex- 
tending as far as Chillicothe, Ohio, beyond Indianapolis, Ind., and 
into eastern and northeastern Illinois. It occupied the greater part 
of eastern and northern Wisconsin and covered considerable areas 
west of the Mississippi River. 

In the region of the Great Lakes the ice sheet of the Wisconsin 
glaciation characteristically occupied the chief lines and basins of 
depression in the existing land surface in the form of broad tongues 
or lobes, which have been given the names of the important lakes, 
bays, and streams which now occupy these basins. 

55813°—Bull 142—14_2 
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The ice sheet which occupied the basin of Lake Erie was continued 
southward in lobes which approximately coincided with the basin 
of the Scioto River, that of the Maumee and Miami Rivers, and 
another which extended westward through the Maumee Basin and 
overspread the northeastern and central part of Indiana as far as 
Indianapolis and the drainage of the Wabash River. From the 
deposits formed by this glacier the plains of western Ohio and east- 
ern and central Indiana were formed, and these are extensively 
occupied by the soils of the Miami series. 

Another large lobe of this glaciation extended southwestward 
through the Saginaw Bay region as far south as the northern part 
of Indiana. To the east its margin joined that of the Huron-Erie 
lobe, and the combined deposits of the two give rise to the rolling 
and hilly territory which extends southwestward from the “thumb” 
of Michigan to the vicinity of Logansport, Ind. It laid down the 
materials which constitute the ridged plains of central Michigan 
from Saginaw to the vicinity of Jackson and Kalamazoo. It did not 
extend entirely to the shore of Lake Michigan, but adjoined a larger 

lobe, which occupied the basin of Lake Michigan. Along the junc- 
tion of these two lobes were formed deep and extensive deposits of 
ice-borne material along the eastern border of the lake from the 
vicinity of Newaygo to the Indiana State line. 

The Lake Michigan lobe was almost coextensive with the present 
area of that lake, but extended slightly beyond its present bound- 
aries, and laid down deposits which circle the lower extremity of 
the lake, giving rise to soils of the Miami series in northern Indiana 
and northeastern Illinois. 

Another lobe of the Wisconsin glaciation extended to the south- 
west through the basin now occupied by Green Bay and Winnebago 
Lake. The front of this lobe and of the smaller Delavan lobe ex- 
tended from the vicinity of Beloit, Wis., beyond Madison and 
Portage, and thence northward into central Wisconsin. Along the 
line of its juncture with the Lake Michigan lobe extensive and deep 
glacial deposits were formed which accentuate the area of highland 
separating the Green Bay basin from that of Lake Michigan. 
When the ice sheet of the Wisconsin glaciation advanced to its 

extreme limit it extended over a region which had previously been 
glaciated one‘or more times. It filled the existing valleys and deeply 
covered the interstream ridges and hills. Its base rested upon the 
unconsolidated deposits of the previous invasions and upon exposed 
ledges of consolidated rock of various character and hardness. The 
ice scoured and eroded these surfaces, picked up masses of rock, 
gravel, sand, and clay, and after thoroughly mixing them trans- 
ported the material a varying distance along its path. It is prob- 
able that a large part of this reworking and transportation was 

s 
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accomplished beneath the ice and in the lower zones of the glacier. 
At the same time other materials, frequently derived from remote 
sources, were carried within the upper part of the glacier and upon 
its surface. 

The glacial advance to the extreme limits of the Wisconsin stage 
of glaciation occupied a long period of time. There is also evidence 
that the ice front remained stationary, or nearly so, along the region 
of its extreme advance for some time, resulting in the thickening of 
the ice-deposited material along the outer margin of the glaciated 
region, forming hills and ridges of some elevation. These deposits 
are technically known as moraines, and comprise the material car- 
ried under, within, and upon the ice and piled up as a heterogeneous 
mass of stone, gravel, sand, and clay where the ice was melting along 
a nearly stationary position at its terminus. The outer margin of 
the area covered by the Wisconsin stage of glaciation is quite com- 
monly marked by such morainal accumulations. Sometimes these 
moraines are heaped against more elevated land, which arrested the 
advance of the ice. Such moraines occur along the southeastern bor- 
der of the area under discussion, particularly from near Chillicothe, 

Ohio, to the vicinity of Lancaster, Ohio. In other locations the front 

of the ice rested upon a nearly flat surface, and the morainal front 
rises from the outer plain like a low, irregular wall. The southern 

border of the region occupied by the soils of the Miami series is 
chiefly of this character from Chillicothe westward to the Wabash 
River and throughout a great part of the southwestern and. western 
margin of this stage of glaciation. 

From this position of its extreme advance the ice slowly receded, 
with numerous periods of halting and some stages of readvance over 
territory which had been once freed from its ice cover. At each of 
the stages of halting large or small marginal moraines were formed 
which still exist as low, rolling ridges, usually occupying long, nar- 
row belts of higher land arranged concentrically with the margin of 
the individual ice lobes and around the extremities of the basins 
through which the various ice sheets advanced and retreated. 

Between these swelling and rounded moraines the material which 
was carried under and within, the ice sheet was distributed in the 
form of a thick sheet of clay, sand, gravel, and bowlders known as 

glacial till. A cut in this material is shown in Plate I, figure2. This 
material does not differ greatly from that of the thicker morainal 
accumulations, except in having a more nearly level surface and in 
the lack of linear ridging and hummocky surface features. In gen- 
eral there are more extensive areas of water-washed and stratified 
material at some points within the moraine areas than within the till 
plains, although the work of the water from the melting ice is rec- 
ognized to some extent in each of these forms of glacial deposition. 
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Bowlders and larger stones are more numerous within the moraine 
areas, especially those crystalline and other extraneous rock masses 

which were in all probability carried at or near the surface of the ice 
sheet. Large areas of the till plains are nearly stone free at the 
surface. 

It is characteristic of the Wisconsin stage of glaciation that the 
thickest and most hilly areas of morainal deposition were formed 
between the lobes of the glacier invading the Lake region. Along 
such interlobate lines both lobes of the glacier deposited the included 
earthy and stony material as the ice melted. Along such lines also 
the action of water upon the glacial material was pronounced and 
many of the interlobate moraines consist of true unstratified till, of 
hillocks and ridges of water-washed and partly assorted gravel and 
stone, and of nearly level sandy areas. The associated hillocks, 

ridges, basins, and hollows, largely formed from stratified material, 

are commonly called kames. They differ from the morainal areas 
chiefly in the predominance of stratified drift and to some extent in 
the presence of kettle-shaped hollows inclosed between sharp ridges 
and knolls. A characteristic cut in such stony and sandy material 
is shown in Plate II, figure 1. 

The melting of the glacier was accompanied by a greatly swollen 
condition of the streams which issued from the ice front. These 
streams carried large quantities of gravel, sand, and silt southward 
to the uncovered drainageways of the larger rivers. As a result the 

lower courses of the majority of the streams from the glaciated ter- 
ritory are bordered by terraces of water sorted and washed material 
not included in the Miami series of soils. In some instances partial 
readvances of the ice sheet covered such stratified deposits with a 
later sheet of till, and there are large and small areas of the Miami 
soils within the till plains which are underlain at various depths 
with stratified deposits of such origin. 

In many instances the glacial drainage issuing from the inter- 
lobate moraines carried out sorted material which was deposited 
over broad frontal plains in the form of outwash aprons and terraces 

along drainageways. While these areas do not give rise to soils of 
the Miami series, they are intimately, associated with them, occupy- 
ing extensive level tracts between the ridged moraine areas and 
bordering on the undulating or nearly level till plains. It is 

natural that considerable areas in southern and southwestern Michi- 
gan should be formed by such deposits, since the drainage from the 
interlobate region between the Saginaw and the Erie lobes and 
between the Saginaw and Lake Michigan lobes escaped to the south- 
west across the Michigan-Indiana line. This condition also gave 

rise to extensive upland areas where the glacial deposits are so evi- 
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dently water washed as not to be included within the soils of the 

Miami series. 
Another form of glacial deposits of less extent consists of the 

long, low, rounded hills, frequently elliptical in shape and made up 
chiefly of unstratified glacial material, which are known as drum- 
lins. These hills usually occur in groups. The longer axes of the 
different ridges are as a rule approximately parallel, and the result- 
ing topography is fluted and ridged with greater or less regularity. 
Tt is thought that these glacial forms were produced beneath the 
ice and that the direction of the longer axes marks in a general way 
the direction of ice flow. These hills are mainly covered by the 
unstratified glacial till, so that they are occupied generally by the 
same soils as the intervening till plains and the associated morainal 
ridges. 

Along the southern and western margin of the region occupied 
by the soils of the Miami series and to some distance within its 
outer border the surface of the moraines and till plains alike is 
covered by a thin layer of distinctly silty, rather homogeneous and 
stone-free material. It is probable that this material originally was 
carried beyond the ice border in the form of fine sediment washed 
out by the water from the melting ice. It is also thought that it 
owes its present position over the uplands to the long-continued 
action of the wind, which, sweeping over silt-covered plains, car- 
ried large quantities of this fine earth over the upland, depositing 
it as a surface covering of varying depths over the moraines and till 

plains. Where this silty mantle, known as loess, attains a thickness 

of more than 3 feet, it gives rise to distinct soil types not included 
within the Miami series. In many cases it forms only a thin surface 
covering, as in large tracts in Indiana, Ohio, and Wisconsin, and in 

these localities the glacial till forms the deeper subsoil, the resulting 
soil type being classed as the Miami silt loam. 

It is a common characteristic of all the materials which were min- 
gled to form the moraines, the till plains, the drumlins, kames, and 
other forms of glacial drift, and which give rise to the soils of the 
Miami series, that the earthy mass and the included gravel and stone 
were derived from various sources along the path of the glacial inva- 
sion. It is probable that at the time of the latest stage of the Wiscon- 
sin glacial advance there were exposed extensive areas of the older 
drift sheets which mantled a large part of the region now covered by 
these later deposits. Numerous well borings and many exposures of 
the older drift in deeply cut stream channels show that it still exists 
and that the newer drift rests upon its surface throughout a great 
part of the general region of the Miami soils. Since it presented a 
soft, unconsolidated surface to the erosive action of the readvancing 
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ice, it is more than probable that a very large part of the earthy mate- 
rial which was reworked into the later till sheet was contributed by 
this older till and its associated sandy and gravelly deposits. Through 
this unconsolidated material the local country rock had been exposed 
by water erosion occurring between the different stages of glaciation. 
As the ice readvanced over the surface of the region it picked up 
earthy material from the older till, mingled it with earthy and stony 
material from the various rock outcrops, and contributed varying 
amounts of extraneous material carried into the region from the 
areas of crystalline rocks which were exposed to glacial action in 
the territory north and east of the Great Lakes. 

Jt is probable that a large part of the material derived from local 
sources was carried under the ice and within its *lower sections. 

There is considerable evidence that such local materials were moved 

enly short distances and rearranged and deposited by the melting ice 

to form the deeper part of the surface till covering. For this rea- 
son the local country rock exerts a strong influence upon the litho- 
logical character of the till sheet, in some cases giving rise to 90 per 
cent or more of the coarser stony particles which may be identified. 

Thus, the ice of the Wisconsin stage of glaciation in its advance 
collected material from the limestones and shales of western Ohio 
and central and eastern Indiana, from the limestones, shales, and 
sandstones of the lower peninsula of Michigan, and from the lime- 
stones and associated shales which cover large areas in southeastern 
Wisconsin. Even where the limestone rocks do not directly under- 
lie areas now occupied by the soils of the Miami series, broad areas 
of limestone lay directly across the path of the advancing glacial ice, 
as in the neck of the Saginaw Bay region, and, from exposed out- 
crops, contributions of earthy and stony material were obtained. 
It is also probable that materials derived from the remaining de- 
posits of previous glaciation contained a fair percentage of such 
calcareous material. In Plate II, figure 2, a part of a ledge of the 

limestone which underlies portions of the Miami soils is shown. 
The soils of the Miami series contain varying quantities of lime- 

stone bowlders, gravel, and rock flour in nearly all areas where they 
are mapped. This is particularly true of the deeper subsoil, which 
it is presumed most nearly represents the materials existing on the 
surfaces over which the ice moved. Examinations of the deeper 
subsoils show a general calcareous condition below depths of 1 to 2 
feet, especially in the areas surveyed in Ohio, Indiana, and Wis- 

consin. The presence of the limestone or calcareous shale in the 
drift is not nearly so marked in southern Michigan as in other re- 
gions dominated by the Miami soils, but analyses of the drift indi- 

cate that as much as 25 per cent of the material is of a calcareous 

nature over considerable areas. - 
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On the other hand, the surface soils of the different types in the 
Miami series are distinctly lacking in lime to a depth of 1 foot or 
more. Whether this condition is due to the original deposition of 
earthy material lacking in lime or is the result of the lime having 
subsequently been removed is not known. 

The textural character of the rock prevailing in the different 
regions where the soils of this series occur has some influence upon 
the texture of the resulting soils. Thus, in the region of western 
Ohio, eastern and central Indiana, and a large part of southeastern 
Wisconsin, the most extensive areas are occupied by the clay loam 
and silt loam members of the series. These regions are also charac- 
terized by the presence of extensive beds of limestone and shale. 
These rocks in their original condition consist of rather finely 
divided mineral particles. Under the influences of glaciation they 
gave rise to fine-grained rock powder, and this was extensively 
worked into the till sheet. Some coarser particles were present, giv- 
ing the material a sandy texture, and the gravel and stone are merely 
large fragments of rock which were not completely ground down by 
ice action. In the Lower Peninsula of Michigan and along the west- 
ern border of the area occupied by soils of this series in Wisconsin, 
sandstones were much more generally exposed, and the loam and fine 
sandy loam types are extensively developed. In some parts of these 
sections the material derived from sandstone is so abundant that 
types of the Coloma series are intricately associated with the soils 
of the Miami series. 

The thickness of the sheet of glacial drift from which the soils of 

the Miami series are chiefly derived varies considerably in different 
sections. It is usually greatest within the interstream areas and least 
where erosion has cut the valleys of the major streams deeply into 

the till plains. The drift is naturally somewhat thinner along the 
outer margins of the different areas than within the main areas of 
glaciation. Over the greater part of the area covered by these soils 
the total thickness of the glacial drift is made up of the combined 
depths of the latest till sheet and of one or more layers of older 
drift, although this condition is not universal. For these reasons the 
depth of the drift varies from a few inches to more than 500 feet. 
Along many of the major streams which flow to the south from the 

glaciated region, such as the Scioto, the Mad, and the Miami Rivers 

of Ohio and the Whitewater and White Rivers in Indiana, ledges 
of rock outcrop along the crests of the slopes from the upland to the 

stream valley. In other instances the rock, whether limestone, shale, 
or sandstone, is only exposed in patches along the bed of the stream 

or in the narrow gorges of tributary brooks. Such exposures are 
usually absent over a large part of the main areas of glaciation. 
Only a few exposures of bedrock occur in southern Michigan, and 



16 BULLETIN 142, U. S. DEPARTMENT OF AGRICULTURE. 

they are by no means numerous in northwestern Ohio and northern 
Indiana. In eastern Wisconsin there are some clifflike outcrops of 
limestone where the deposits of drift are relatively thin and do not 
entirely cover the irregularities of the preglacial topography. They 
are most numerous to the east of the basin of Green Bay, from the 
center of the Door Peninsula southwestward beyond Fond du Lac. 
Ledges of limestone and sandstone are exposed also along the west- 
ern margin of the glaciated area of southern Wisconsin, from the 
vicinity of Portage to Beloit, Wis. These mark the thin outer edge 
of the till sheet. 

Within the main glaciated regions there are numerous small areas 
where the till sheet is only a few feet in thickness, and in some of 
these localities erosion has so far removed the surface covering that 
only the surface soils are derived directly from the till, while the 
deeper subsoils are formed from materials resulting from the partial 
weathering of the underlying rock. The total extent of these areas 
which are occupied by rock outcrop or by a thin veneer of glacial 

material over the local rock is so small that they are relatively unim- 
portant. 

It is probable that, taking the region as a whole, the depths of the 
different till sheets average as much as 150 feet and that the area in 

which the till covering is 100 feet or more in depth greatly exceeds 
that in which the average thickness is less than 100 feet. The depth 
of the later Wisconsin till alone varies from a few feet to more than 
150 feet. 

There is one other common characteristic of the majority of the 
areas in which the soils of the Miami series are extensively devel- 
oped. Owing to the irregularities of surface configuration the re- 
gion is one within which numerous large and small areas of ponded 
and obstructed drainage exist. In the regions of greatest variation 

in relief, such as in southern Michigan and eastern Wisconsin, there 
are numerous large and small lakes and many depressed areas which 
are either in a swampy condition or have remained poorly drained 
until within the time of human occupation. Even within the gently 
rolling to undulating region of western Ohio and central Indiana 
the hollows and extremely level areas were poorly drained in their 
natural condition. In all such localities there has been an accumu- 
lation of partially decayed organic matter which gives a distinctly 
black or very dark brown color to the surface soils. For this reason 
the surface of the broad region chiefly occupied by the lighter col- 
ored soils of the Miami series is frequently and repeatedly inter- 
rupted by large and small areas of these darker soils which have 
been correlated mainly with the soils of the Clyde series. Where 
such areas are of too small extent to be separated on the scale used 
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Fic. 1.—IRISH POTATOES ON THE MIAMI FINE SAND, COLUMBIA CouNTY, WIS. 

[Yields of 150 to 175 bushels per acre are obtained.] 

Fla. 2.—PASTURE LAND ON THE HILLY MIAMI GRAVELLY LOAM, WAUKESHA 

CounTY, WIS. 

[The rolling and hilly topography of this soil renders it somewhat unsuitable for tillage.] 



Bul. 142, U. S, Dept. of Agriculture. PLATE IV. 

Fic. 1.—DiVERSiITY OF CROPS ON THE MIAMI FINE SANDY LOAM. 

[Potatoes, cabbage, clover cut for seed, oat stubble, corn, and a hay field are shown in an 
area of less than 40 acres. ] 

Fla, 2.—APPLE ORCHARD ON THE MIAMI FINE SANDY LOAM IN THE MICHIGAN FRUIT 
BELT, NEAR GRAND RAPIDS, MICH. 

[Note the roling and rigid topography.] 
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in mapping the soils, some of them are included with areas of the 
Miami types. In other cases the surface covering of this dark-col- 
ored soil is too shallow to warrant the separation of such areas, and 
there are included within the limits of certain types of the Miami 
series small areas in which the surface soils are considerably darker 
than the average of the series. Such areas are in rather sharp con- 
trast with the prevailing light-colored Miami surface soils, but are 
necessarily included with the more typical development. 

The details of surface topography and drainage, of local variations 
in derivation and thickness of the soil-forming material, of degree 
of agricultural development, and of cropping systems can only be 
given in the detailed soil surveys of counties and other areas. From 
such surveys and from the examination of areas not yet covered by 
the soil survey the main characteristics of the different soils of the 
series are summarized. 

TYPE DESCRIPTIONS. 

MIAMI SAND. 

The Miami sand is mapped in Waukesha County, Wis., over a 
total area of 1,920 acres. This type consists of a yellowish to brown- 
ish gray medium to fine sand 6 to 8 inches deep, underlain by a yel- 
low, loose, incoherent sand of the same grade. The soil is very low in 
organic matter. Because of its loose, open structure it is easily cul- 
tivated, and can be worked under almost any moisture condition. 
Where the surface is not covered by a crop the sand is sometimes 
drifted by the wind, though not to any great extent. 
Owing to the gently rolling to rolling topography, together with 

the loose, open character of the soil and subsoil, the drainage is ex- 
cessive, and crops suffer from drought, except during seasons of 
unusually well distributed rainfall. 

Practically all of the Miami sand is derived from glacial moraine 
material. The type was originally forested with a scrubby growth 
of bur oak, red oak, and white oak. At present hazel bushes cover a 
part of the type. The greater part of it is under cultivation, the 
principal crops being corn, oats, rye, and clover. When the rainfal! 

is well distributed, fair yields are obtained. The land is not highly 
developed. 

_ Soils like the Miami sand are better adapted to early truck crops 
than to general farming. For any crop it is necessary to increase 
the organic-matter content of the soil. This is best accomplished 
by frequently turning under green manuring crops and saving and 
applying all available stable manure. 

55813°—Bull. 142—14_3 
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MIAMI FINE SAND. 

Areas of the Miami fine sand have been encountered only in Co- 
lumbia and Jefferson Counties, Wis. The total area mapped thus 
far amounts to 47,296 acres. 

The Miami fine sand consists of a light-brown, loose, incoherent fine 
sand, which is low in organic matter. At about 9 to 10 inches in 
depth the material is light yellow, becoming lighter in color with 

depth, until at 30 to 36 inches it is almost white. The till bed, con- 
sisting of a mixture of sand, gravel, silt, and bowlders, is encountered 
at depths of 4 to 6 feet. Small quantities of limestone gravel and 
bowlders occur on the surface and throughout the soil section, but are 
seldom sufficiently numerous to interfere with cultivation. 

The type is subject to some variation. On the lower slopes and 
in depressions the surface is darker and contains a larger amount 
of organic matter than the typical soil. Such areas are slightly 
loamy and have a somewhat higher agricultural value than the re- 
mainder of the type. In a few places a sticky sand is encoun- 
tered at depths of 30 to 36 inches. A few gravel beds are scattered 
throughout the type, and such deposits have only a shallow surface 
covering of soil. Exposed areas are sometimes wind drifted, small 
dunes being formed. In general the Miami fine sand is both coarser 
in texture and lower in agricultural value than the Miami fine sandy 
loam, with which it is closely associated. 

The topography varies from gently rolling to rolling. The sur- 
face is sometimes broken by sand dunes and depressions, though 
rarely to such an extent as to render cultivation impracticable. 
Owing to the loose, open structure of the material and to the sur- 
face configuration, the natural drainage is excessive and the soil as 
a whole is droughty. There are a few kettle-shaped basins and dune 
depressions which are not connected with drainage channels, and 
even in these places the drainage is usually sufficient, owing to the 
sandy nature of the deeper subsoil. Except during the heaviest 
rains, storm waters are rapidly absorbed by the soil and danger from 
erosion through surface run-off is reduced to a minimum. 

The type is largely of glacial origin, being derived from the 
weathering of the glacial till, somewhat modified by wind and 
stream action. The weathering of the limestone fragments in the 
underlying till has a tendency to correct any acidity existing in the 
soil material, though this is often counteracted by leaching, leaving 

the surface soil more or less acid. 

The original forest growth consisted chiefly of white, red, and 
bur oak, with some hickory and hazel brush. All of the merchant- 

able timber has been cut, but the scrubby growth of oak and hazel 
bushes has been allowed to remain on a few of the poorest areas of 
the type. 
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About 75 per cent of the Miami fine sand is under cultivation, 
while approximately 22 per cent remains in untilled pasture land. 
About 2 per cent consists of sand dunes and about 1 per cent of 
moraines, kettle basins, and land too stony and rough to be of any 

value except for pasture. 
The general farm crops common to the region are grown. Corn 

under normal conditions averages 25 bushels to the acre, oats 22 
bushels, rye 12 bushels, and timothy and clover about 1 ton. Pota- 
toes yield as high as 150 to 175 bushels per acre where given special 
attention, though the average is lower than this for the entire type. 
A crop of potatoes on the Miami fine sand is shown in Plate ITI, 
figure 1. Beans, tobacco, and cucumbers are grown to a small extent. 

No definite crop rotation is in general use on this type, but one 
which gives good results in some sections consists of corn, followed 
by oats one year, then by rye for one year with clover and timothy 
seeded for hay. The hay is usually cut for one year and the second 
year the land is pastured, after which it is plowed again for corn. 
Where manure is available it is usually applied to the sod. Green 
manuring is not practiced to any extent and commercial fertilizers 
are seldom used. Another rotation which has given success on simi- 
lar sandy soils consists of potatoes, followed by a small grain such 
as rye or oats, and the land seeded to clover. The first crop of clover 
is usually cut for hay and the second plowed under for green 
manuring. If sufficient manure is available the second crop of 
clover may be left for seed. Corn may be grown in the place of 
potatoes if desired. Where the soil conditions are made favorable, 
alfalfa may be successfully grown on this soil, though it is more 
difficult to secure and maintain a good stand than on a heavier soil. 
The production of truck crops is profitable on this type, especially 
near shipping points or home markets. 

Owing to its loose, open structure, this soil is easily cultivated, and 
under good methods of farming the productiveness of the type 
gradually increases. The methods now followed over a large part 
of the type, however, are not such as tend to bring about this result. 

The lack of organic matter in the soil and its low water-holding 
capacity are best corrected by the use of stable manure and green 
manuring crops. 

MIAMI GRAVELLY LOAM. 

The Miami gravelly loam has been mapped over a total area of 
45,184 acres in Fond du Lac County, Wis., and 192 acres in Auglaize 
County, Ohio. 

The surface soil consists of a light-brown silty loam, having an 
average depth of about 8 inches. The subsoil to a depth of 2 or 3 
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feet is a brown or yellowish-brown silty clay loam, which is in most 
cases underlain by a heterogeneous mixture of sand, gravel, clay, and 

bowlders. Gravel and bowlders in varying quantities are also scat- 
tered over the surface and mixed with both soil and subsoil. In 
some cases the type occurs over small hills, and in such positions it is 
underlain at shallow depths by limestone. 
The topography varies considerably, although over most of the 

areas it 1s rolling to hilly. On the steeper slopes it is necessary to 
leave this type in grass or in forest in order to prevent erosion. 
These features are shown in Plate ITI, figure 2. The natural drain- 
age of the type is good, and in places where the gravel beds or the 
underlying rocks are near the surface it is excessive, causing the soil 
to be droughty in years of light rainfall. 

The Miami gravelly loam is derived from glacial till, or partially 
reworked glacial till occurring in the form of glacial moraines, 
kames, and eskers. In some places where the covering of glacial ma- 
terial is shallow the underlying rock has contributed limestone frag- 
ments, at least to the lower subsoil. 

The type was originally forested with a growth consisting chiefly 
of maple and oak, with some hickory. 
Where the soil and subsoil have a total depth of 24 inches or more 

and where the surface slopes are not too steep, fair average yields 
are produced during seasons of normal rainfall. Where the surface 
covering is less than 2 feet either over the gravel or the underlying 
limestone, crop yields are low, and such areas are of greater value for 
grazing than for the production of cultivated crops. Corn, oats, 
barley, and mixed hay are the chief crops on the tilled areas. The 
rougher areas are utilized chiefly for permanent pasture and farm 
woodlots. Not over one-half of the type is used for crop production. 

MIAMI GRAVELLY SANDY LOAM. 

The Miami gravelly sandy loam has a total area of 66,944 acres 
in Jefferson and Waukesha Counties, Wis. 

The surface soil of this type, extending to a depth of 8 to 10 
inches, consists of a hght-brown sandy loam. Where typically de- 
veloped the soil is friable and rather loose. Varying quantities of 
gravel and numerous bowlders are found in the surface soil. The 
larger bowlders are usually removed from cultivated areas. The 
subsoil to a depth of about 2 feet is a reddish-brown or yellowish- 
brown gritty clay loam. This is generally underlain by a mass of 
gravel, cobblestones, and bowlders. The stony material largely con- 

sists of limestone. 
he topography of the Miami gravelly sandy loam ranges from 

rolling to ridged and hilly. The material is derived chiefly from 
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moraine and kame areas of glacial origin in which the underlying 
beds of gravel and bowlders are covered with a thin surface deposit 
of till. The drainage of the type is good to excessive. The steeper 
slopes are frequently subjected to erosion and are unfavorable for 
tilled crops. The more gently rolling and sloping areas, where the 
depth of soil and subsoil is 2 feet or more, retain sufficient moisture 
to mature good crops in seasons of average rainfall. 

About one-half of the total area of the Miami gravelly sandy 
loam is under cultivation. The remainder of the type is occupied 
about equally by permanent pasture, consisting chiefly of bluegrass 
and white clover, and by farm woodlots or small tracts of forest. 

The cultivated areas of the Miami gravelly sandy loam are de- 
voted to mixed general farming, including the production of corn, 
oats, rye, and hay, and the raising of dairy cattle and hogs. Corn 
yields from 25 to 40 bushels per acre. It is not so extensively 
grown upon the Miami gravelly sandy loam as upon the heavier 
members of this series with which this type is associated. Oats con- 

stitute the chief small grain crop, giving yields of 25 to 40 bushels 

per acre. A small acreage of rye is grown, yielding 15 to 25 bushels 
per acre. Wheat and barley are grown to a small extent. The hay 
crop generally consists of mixed timothy and clover, and yields of 
about 14 tons per acre are secured. Alfalfa is quite extensively 
grown on this type and is usually successful. Owing to the excel- 

lent drainage of this type and the large amount of lime carbonate 

in the soil, it is well adapted to alfalfa where the total depth of 
soil and subsoil over the underlying bowlders and gravel is 2 feet 

or more. This crop is not usually successful on the crests of hills 

and along eroded slopes where the underlying stony material is 

near the surface. 

The Miami gravelly sandy loam is usually associated with other 

types of the Miami series which are somewhat better suited to the 
growing of corn and oats, and there is a tendency to leave this 

- rougher and more stony land in permanent pasture. It is capable 
of supporting a good sod of bluegrass and white clover, and with 
but little attention produces good pasturage. 

MIAMI SANDY LOAM. 

The Miami sandy loam has thus far been encountered in only two 
small areas. It occupies a total of 5,440 acres in Genesee County, 
Mich., and a total of 1,280 acres in Fond du Lac County, Wis. 

The surface soil of the Miami sandy loam has an average depth 
of about 10 inches, and consists of a yellowish-gray to brown sandy 
loam. The subsoil to a depth of 3 feet or more is a light-yellow 
sandy loam. This is underlain by the sandy clay or clay which 
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constitutes the deeper till of the region. Gravel in varying. quan- 
tities is found in both the soil and subsoil and is frequently scat- 
tered over the surface. 

The topography of this type varies from undulating to hilly, and 
the natural drainage is good. During dry seasons crops suffer some- 
what from drought. 

Corn yields from 15 to 30 bushels an acre, with an average of about 

20 bushels. Oats yield from 25 to 50 bushels, and rye averages 

about 15 bushels per acre. Timothy and clover are grown for hay, 
producing from 1 to 2 tons per acre. Irish potatoes are grown to 

some extent, the yields ranging from 100 to 200 bushels per acre. 
Small areas of beans and buckwheat are grown. 

MIAMI FINE SANDY LOAM. 

The Miami fine sandy loam is one of the more important and exten- 
sive members of the series. It has been mapped over a total of 
281,664 acres. The principal areas thus far encountered are in the 

eastern and southern sections of the lower peninsula of Michigan 
and in the southeastern part of Wisconsin. It is probable that other 
areas of this type are developed in adjoining sections of these two 
States and in the northern part of Indiana. 

The soil of the Miami fine sandy loam to an average depth of 
about 8 inches is a light-brown to grayish-brown medium to fine 
sandy loam. The color varies somewhat in different areas of the type. 
There is usually a tendency toward a yellowish-brown color at the 
surface on ridges or in other positions exposed to erosion, while the 
color is darker in the more nearly level areas and on the lower slopes 
where organic matter has accumulated to a considerable extent in 
the surface soil. The subsoil to an average depth of about 2 feet 
is a brown or yellowish-brown loam, usually containing a large 
amount of fine sand. This grades through a sticky sandy loam into 
a heavy clay loam or clay which is usually encountered at a depth 
of 3 feet or more. A small quantity of gravel is commonly present 
in the surface soil, and in greater amounts in the deeper subsoil, 
which also generally contains cobblestones and bowlders. In some 
localities bowlders are scattered over the surface of this type, 
although the majority of these have been removed and used in the 
construction of fences or the foundations of farm buildings. The 
gravel and other stones of smaller size, particularly in the deeper 
subsoil, consist largely of local limestone rock. The larger bowlders, 
especially those scattered over the surface, are usually crystalline 

rocks brought to the region through the agency of glaciation. In 
some instances, where the covering of glacial material is thin, lime- 
stone rock is encountered at a depth of 3 to 5 feet. 
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The surface configuration of the Miami fine sandy loam varies 
‘widely. The type generally occupies the rolling to hilly upland 
areas which mark the location of old glacial moraines. The topog- 
raphy ranges from rolling to ridged, with many small intervening 
depressions and inclosed basins between the ridges. The Miami fine 
sandy loam is comparatively thin over the ridges, frequently becom- 
ing thicker along the lower slopes and in the more nearly level areas. 
It is particularly well developed in the rolling to hilly belt which 
extends from the “thumb” of Michigan southwestward to the Ohio- 
Indiana State line. It also covers portions of the low moraines in 
central Michigan, from the vicinity of Lansing west and north 

nearly to the shore of Lake Michigan. 
Tn south-central Wisconsin the topography of the Miami fine sandy 

loam is generally undulating to rolling. The type occupies low 
morainal ridges, undulating till plains, and some nearly level mar- 
ginal areas. In extreme northern Wisconsin a large area of the 
type found in Marinette County is nearly level to only slightly 
undulating. 

In general, the natural drainage of the Miami fine sandy loam is 
good. Where the depth of the surface sandy material is 2 feet or 
more, especially if the surface slopes are at all steep, there is a tend- 
ency toward droughty conditions. This is also true on the narrow 
crests of morainal ridges and in other places where erosion has 
exposed the underlying gravelly or stony material. These areas, 
however, are of comparatively small extent and over the greater part 

of the type the texture and depth are favorable to the absorption 
and retention of sufficient moisture for the production of the staple 
crops of the region. Some of the small, depressed, kettle-shaped 
areas of the type are rather poorly drained and are subject to the 
accumulation of drainage and seepage waters from higher areas of 
the type. These are the only areas in which the need for artificial 
drainage is great. 
The Miami fine sandy loam has been formed by the weathering 

of glacial till. It is probable that the surface material has been 
assorted and modified to some extent through the melting of glacial 
ice, but in almost all instances the deeper subsoil consists of unmodi- 
fied glacial till. This material has accumulated in long, irregular 
ranges of morainal hills, in low, undulating swells, and in the form 
of nearly level but somewhat irregular, dimpled till plains. The 
material entering into the composition of the Miami fine sandy loam 
consists largely of the local country rock, which in a majority of cases 
comprises limestone, sandstone, and shale mingled with a varying 
amount of the débris of crystalline rocks brought to the region dur- 
ing the period of glaciation. It is a common characteristic of the 
type that a large part of the finer gravel and even some of the coarser 
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sandy material consists of local limestone or calcareous shale. Usu- 
ally this lime-bearing material is distributed through the surface 
soil and upper subsoil in small quantities, becoming predominant 
only in the deeper subsoil. As a result, the surface soil of the Miami 
fine sandy loam is frequently shghtly acid, while the subsoil com- 
monly contains sufficient lime carbonate to effervesce when treated 
with acid. 

The greater part of the Miami fine sandy loam thus far encoun- 
tered in soil-survey work occurs in areas which have been used for 
agriculture for a long period of time, and from two-thirds to three- 
fourths of the area of the type in these localities is cleared and 
cultivated. It is only in the northern part of Wisconsin that any 
considerable area of the type remains to be utilized. The more roll- 
ing and thinner portions of the Miami fine sandy loam have been 
left in forests or permitted to grow up to scrubby timber. These 

and small areas which are either too steep for tillage or too poorly 
drained constitute the only parts of the type which are not used for 
farm crops. 

The form of agriculture commonly practiced on the Miami fine 

sandy loam consists of mixed general farming, usually supplemented 
by dairying, hog raising, and the fattening of a few beef cattle. 

Corn is the chief intertilled crop grown on this soil. It is usually 
planted upon sod, and applications of stable manure are commonly 
made. The yields range from 15 to 40 bushels per acre with a gen- 
eral average of about 30 bushels under ordinary seasonal conditions. 
The yield of corn on the deep sandy areas of the Miami finé sandy 
loam is usually less than on the typical areas of this soil. The Miami 
fine sandy loam is somewhat too porous and sandy to constitute an 
ideal corn soil, although the free use of stable manure and of other 
organic fertilizers such as clover sod and green manuring crops 

enable the farmers upon this type to produce fair average yields. 

Oats constitute the chief small-grain crop grown upon the Miann 
fine sandy loam. The corn stubble is usually plowed in the fall or 
early spring and the seeding to oats is made as early in the season 
as possible. Under conditions of normal rainfall oats yield from 
25 to 50 bushels per acre, with an average for a long period of years 
of about 35 bushels. It is a common practice to seed mixed timothy 
and red clover or mixed red clover and alsike with the oats. In this 

case the land remains in hay for one or two years. The oat stubble 
is sometimes plowed for a succeeding crop of wheat, but this prac- 
tice is no longer popular, as the yield of wheat on this soil ranges 
from 10 to 20 bushels per acre, with an average of not more than 14 
bushels. Wheat production upon the Miami fine sandy loam is 

decreasing. In some localities the growing of rye has taken the 
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Fic. 1.—PEACH ORCHARD ON THE MIAMI FINE SANDY LOAM IN THE MICHIGAN FRUIT 
BELT, NEAR GRAND RAPIDS, MICH. 

Fic. 2.—AN EXTENSIVE CHERRY ORCHARD ON THE MIAMI FINE SANDY LOAM. 
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Fic. 1.—CONCORD GRAPES ON THE MIAMI FINE SANDY LOAM IN WESTERN MICHIGAN. 

[A large apple orchard is shown in the background. | 

FiG.2.—A GoopD YIELD OF WHITE DENT CoRN ON MIAMI LOAM IN SOUTHERN 

MICHIGAN. 

[A part of the corn is husked in the field and a part is cut into the silo shown in the 
background. | 
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_ place of wheat in the rotation, and yields of 15 to 25 bushels, with 
an average of about 18 bushels per acre are secured. 

Barley is probably more extensively grown on the Miami fine 
sandy loam than any other small grain except oats. Yields of 20 
to 30 bushels per acre are secured, and the grain is of excellent qual- 
ity. Both rye and barley do better than wheat on this type. 

The area devoted to hay production varies widely in the different 
sections where the Miami fine sandy loam is encountered. In south- 
eastern Michigan probably one-third of the total area of the type 
produces some form of hay. Timothy and clover are most com- 
monly seeded, especially on the dairy and stock farms. In such 
cases the hay is cut for one or two years, and the mowing land is 
then pastured for one year before being plowed for corn or some 

other intertilled crop. Where red clover is seeded alone the first 
crop is usually cut for hay and the second crop matured for seed. 
The yields of hay are good on all the type except the most sandy 
or the eroded areas. Yields of 14 to 2 tons of mixed hay per acre 
are common. The yield of clover is usually about the same. In 
addition to the portion of the mowing land which is annually pas- 
tured, a large part of the more rolling areas of the Miami fine sandy 
loam is in permanent pasture. This natural pasture consists largely 
of Canada bluegrass (June grass) and white clover. It usually 

constitutes good pasturage during the early part of the season, but has 
a tendency to become dry and unpalatable in mid-summer. 

Beans constitute a cash crop quite generally grown on the Miami 
fine sandy loam in southern and southeastern Michigan. The crop 
is planted either on sod land or following corn. The common 
navy bean is most extensively grown, the yields ranging from 12 
to 20 bushels per acre, with a general average of about 15 bushels. 

The beans are thrashed and sold to the cleaner, while the bean straw 
and refuse beans are commonly fed to sheep. 

Early Irish potatoes constitute another special crop of importance 
on the Miami fine sandy loam. It is the usual practice to plant the 
potato crop on sod land, clover sod being preferred. The yields 
secured range from 60 to 150 bushels per acre, with an average of 
about 100 bushels. Growers who are particularly careful with the 
cultivation and fertilization of the crop easily exceed this average. 
Potatoes are commonly grown in small patches chiefly for home use, 
with a small surplus for market. In some parts of southern Wiscon- 
sin, however, they constitute the chief cash crop on the Miami fine 
sandy loam. The field shown in Plate IV, figure 1, indicates the 
diversity of crops grown on this soil. 
Throughout southern Michigan, and to a less extent in southern 

Wisconsin, on nearly every faci located on or containing a con- 
55813°—Buli. 142—144 
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siderable area of the Miami fine sandy loam a small family apple 
orchard is grown on this soil. Nearly all of the standard varieties 
are grown. The Baldwin, Duchess, Wealthy, and Wagener, are the 

most popular varieties in these small orchards. 
The Miami fine sandy loam occurs quite extensively upon the hills 

and rolling ridgés of the Michigan fruit belt along the eastern side 
of Lake Michigan. It is utilized extensively for commercial or- 
charding, and many varieties of apples are grown successfully. It 
is the best soil used for the production of the Baldwin apple. 
Wherever the heavier subsoil is near the surface the type is well 
adapted to the growing of the Spy. The other varieties grown upon 
this type in commercial orchards are the Wealthy, Wagener, and 
Shiawassee, together with subordinate varieties such as the Che- 
nango, Maiden Blush, and Snow. The Jonathan is also grown. 

Apple trees on the Miami fine sandy loam are shown in Plate IV, 
figure 2. 

Where local climatic conditions are favorable, as in the Michi- 
gan fruit belt, peaches constitute an excellent orchard crop on this 
type. The Elberta is the principal variety, although the Crawford 
and Lewis are also grown. Peach trees on this type are shown in 
Plate V, figure 1. 

In some localities, particularly in the Traverse Bay region, the 
growing of cherries on the Miami fine sandy loam has become an 
important industry. The Montmorency, Ordinaire, Morello, and 
Richmond varieties are chiefly grown. A mature cherry orchard on 
the Miami fine sandy loam is shown in Plate V, figure 2. 

In some localities grapes are successfully grown upon the Miami 
fine sandy loam. The Concord is the’'most common variety. <A typi- 
cal vineyard is shown in Plate VI, figure 1. 

In general, the Miami fine sandy loam is well suited to orcharding 

and fruit growing wherever climatic conditions are favorable, ani 
especially upon the gently rolling or slightly hilly portions of the 
type which are favored by good air and water drainage. 

In southern and southeastern Michigan, and to a less extent in 

southwestern Wisconsin, dairying is an important industry on the 
Miami fine sandy loam. A large part of the corn grown upon this 

soil is cut for the silo, and this, together with the hay grown upon 
the farm, constitutes the chief winter feed of the cattle. The herds 

are usually small, averaging 10 or 12 cows to the farm, and grade 
animals of the different dairy breeds are commonly kept. A few 
farmers on this type fatten beef cattle during the winter. The rais- 
ing and fattening of hogs is practiced on many of the farms. Where 
beans are an important crop, some sheep are kept and fed on 
the bean straw and other forage. 
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_ The Miami fine sandy loam constitutes a fairly good general farm- 
ing soil, giving average yields of the staple crops under normal cli- 
matic conditions. It is well suited to the growing of beans and Irish 
potatoes. Where the climate is favorable it is used extensively for 
fruit production. Locally this type supports the dairy and other live- 
stock industries. There is a general appearance of prosperity about 
the farms located on this soil; the farm buildings are usually well 
built and in good repair, and include, in addition to the dwelling 
house, large barns and outhouses for the storage of hay and grains 
and for the housing of stock. In the dairy section of southern 
Michigan silos are found on practically every farm. 

MIAMI LOAM. 

The Miami loam has been encountered in 15 different soil surveys 
located in southern Michigan, northeastern Illinois, and southeastern 

Wisconsin. A total area of 714,614 acres of this type has been 
mapped. It is probable that additional areas of considerable extent 
will be encountered as the soil survey work is extended in this general 
region. 

The soil of the Miami loam to an average depth of about 10 inches 
is a soft, friable loam of a brown or grayish-brown color. When 
dry the surface of a plowed field is light gray or ashy gray, while in 
depressions or other locations where organic matter has accumulated 
the color is dark gray to brown. In the more rolling areas of the 
type the color is usually light brown or yellowish brown. When 
moist the surface material is uniformly somewhat darker. Usually 
small quantities of gravel and in some localities a few bowlders are 
scattered over the surface. Some gravel is encountered in the 

surface soil. One phase of the type, occurring in hilly areas, is 
decidedly stony, but this constitutes only a small part of the area 
mapped. 

The subsoil of the Miami loam to a depth of 2 feet or more is 

characteristically a yellowish-brown heavy loam or clay loam, which 
contains an appreciable amount of coarse sand and fine gravel and 
is usually somewhat gritty. This grades downward into a compact 

gritty clay which contains large quantities of gravel and bowlders 
of various sizes. The color of the deeper subsoil varies, but is 
usually brown or gray, or shows mottlings of these colors. 
Throughout southeastern Wisconsin and northeastern Illinois a 

large part of the coarser sand and gravel, and many of the bowlders, 
consist of limestone of local derivation, and the deeper subsoil is 
consequently calcareous. In southern Michigan the limestone is not 
so abundant, but it is estimated that approximately 25 per cent of 
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the material of the deeper subsoil is derived from calcareous rocks. 
In Michigan a much larger proportion of granites, schists, and other 

crystalline rocks has been mixed with the soil-forming material. 
Field determinations indicate that the surface soil of the Miami 

loam is generally acid to a depth of 9 to 12 inches, even where the 
subsoil contains large quantities of limestone fragments. 

All of the areas of the Miami loam thus far mapped are derived 
from the broad till plains and rolling morainic areas of glacial 
drift formed during the last stage of the Wisconsin ice invasion. 
While a large part of the material entering into the composition of 
the soil is derived from the local rock of each region where it is 
mapped, there has been added a varying amount of material brought 
by the glacial ice from distant localities. The crystalline rocks in 
the form of bowlders and gravel are of such origin, and it is prob- 
able that a large part of the finer-grained material of the soil and 
subsoil was similarly contributed. Consequently the Miami loam 
consists of a heterogenous mixture of mineral matter from a wide 
variety of rocks, and it is partly due to this fact that this soil is 
highly productive and durable under continued cultivation. 

All of this derivative material was brought to its present posi- 
tion by the glacial ice which overspread the region. It was depos- 
ited as a thick sheet of till over the more nearly level areas, and 
accumulated in ridged and hilly tracts where the front of the ice 
stood temporarily during the retreat of the glacier. Usually such 
areas are marked by accumulations of bowlders at the surface and 
within the soil and subsoil, while occasional gravel beds and some 

sand occur in the deeper subsoil. Over the till plains the entire mass 
is a rather uniform compact, gritty, and gravelly bowlder clay. 

The topography of the greater part of the Miami loam is undu- 
lating to gently rolling. There are large areas within which the 
surface is hilly or ridged and where the elevations rise 75 to 100 
feet above the general level of the upland. These ridged areas are 
interspersed by large and small kettle-shaped depressions, so that the 
surface is decidedly irregular. Such areas are encountered where 
the type occurs on the morainal ridges. In southeastern Wisconsin 
the type is gently undulating to rolling. It occurs to some extent as 
long, low, gently sloping ridges, with large areas of nearly level land 
intervening. In general, there is sufficient slope to insure good sur- 
face drainage over the type, although in the more nearly level tracts 

and in local depressions the installation of tile underdrains is bene- 
ficial. 

Probably over three-fourths of the total area of the Miami loam 
encountered in the progress of soil-survey work is under cultivation. 
The remainder of the type consists of broken or hilly tracts which 
are either forested or are utilized as permanent pasture. The type 
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is highly esteemed for farming, and wherever the topography is 
favorable it is regularly cropped. 

Corn is extensively grown upon the Miami loam in all of the areas 
mapped except in Kewaunee County, Wis., where the acreage is 
somewhat restricted by a normally short growing season. Elsewhere 
corn is the chief intertilled crop. The dent varieties are princi- 
pally grown, although some flint corn is produced in the more north- 
ern localities. Under average seasonal conditions corn yields from 
30 to 50 bushels per acre, depending upon the degree of care exercised 
in the preparation of the land and the tillage of the crop. The gen- 
eral average for the type is probably about 40 bushels per acre. A 
large part of the corn crop is harvested for the grain, although there 
is an increasing tendency to use it for silage. Where grown for 
silage the yields secured range from about 10 tons to as high as 15 

- or 16 tons per acre. In the dairy districts this use of the crop is 
becoming general. A corn field on the Miami loam is shown in 
Plate VI, figure 2. 

The oat crop occupies the largest area among the small grains. 
Oats are commonly sown following corn in the rotation. The yields 
obtained range from 30 to 50 bushels per acre under ordinary condi- 
tions, although a production of 75 bushels per acre has been ob- 
tained. A large part of this crop is usually fed on the farm, but a 
portion is sold in some localities. The straw is usually fed or used 
for bedding. A field of oats.on the Miami loam is shown in Plate 
VI, figure 1. 

Winter wheat is grown on the Miami loam to a small extent in 
southern Michigan, giving yields of 12 to 30 bushels per acre, with 
a general average of something less than 18 bushels. The acreage 
is steadily decreasing. In southeastern Wisconsin barley constitutes 
an important crop on this soil, and yields of 25 to 30 bushels per 

acre are commonly obtained. It is probable that the average yield 
for the type is in the neighborhood of 25 bushels. Rye and buck- 
wheat are also grown to some extent, giving fair average yields. 
Hay is produced over an extensive acreage on this soil. The most 

common hay crop consists of a mixture of timothy and clover, 
although in some cases clover is seeded alone. The yields obtained 
range from 14 tons to 2 tons per acre. Where clover is seeded alone 

it is a common practice to cut the first crop for hay and to mature 
seed from the second crop. In some localities in Michigan and 
more generally in southeastern Wisconsin the growing of alfalfa 
upon the Miami loam has been tried. It is a successful crop over a 
large part of the type, producing 23 to 5 tons per acre. It is con- 
sidered advisable to apply ground limestone at the rate of 1 or 2 
tons per acre and to inoculate the alfalfa fields. It is also essential 
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that the land be well drained in both the soil and subsoil. There has 
been a considerable increase in the acreage of this crop on the Miami 
loam during the past few years, chiefly on the dairy farms of 
southern Michigan and in the southeastern counties of Wisconsin. 

Several special crops are grown to some extent upon the Miami 
loam. It is probable that the acreage of beans is largest among 
these crops in southern Michigan. The navy beans are grown, 
giving yields of 12 to 30 bushels per acre, with an average of about 
20 bushels. Plate VII, figure 2, shows a good field of beans on this 
type. In localities near sugar factories some sugar beets are pro- 
duced on the Miami loam. The yields range from 7 to 12 tons per 
acre, and the quality of the beets is good. The areas of the type 
which are well supphed with organic matter are better suited to this 
crop than the lighter colored areas. 

Nearly every farm upon the type produces sufficient potatoes for — 
home use, but the crop is not grown on a commercial scale to any 
extent. The yields range from 65 to 150 bushels per acre, the aver- 
age being about 100 bushels per acre. The type is well adapted 
to the commercial production of this crop. 

Under favorable climatic conditions the Miami loam is fairly well 
suited to the production of fall and winter varieties of apples. 
Many farms include small orchards of standard varieties which sup- 
ply home needs. In southwestern Michigan the more rolling areas 
of the type are utilized for commercial orchards. Peaches also are 
grown successfully near the shore of Lake Michigan on the Miami 
loam. Recently grapes have been grown with success on this type 
in Cass County, Mich. The more rolling areas of the Miami loam, 
possessing good soil and air drainage, are available for orchard 
development, especially within the section of southwestern Michi- 
gan, where the climate is most favorable owing to the proximity of 
the lake. 

The dairy industry constitutes an important branch of farming 
upon the Miami loam. In all areas where it has been encountered 
the chief use of the hay and grain crops is for feeding to dairy cattle. 
A good dairy herd is shown in Plate VIII, figure 1. The milk pro- 
duced is either sold to city markets or made into butter or cheese at 
local factories. In some localities beef cattle are fattened from the 
products of this soil. Hogs are generally raised in connection with 
the dairy and beef cattle industries, and large numbers are mar- 
keted each year. Some sheep are kept, especially in the section 
where beans constitute a staple crop, the bean straw and cull beans 

being used for feed. 
In general the farms on the Miami loam present an appearance 

of prosperity. The farm buildings are well built and well main- 
tained. On the average dairy or stock-feeding farm the buildings 
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consist of a good farm house, large dairy and stock barns, and usu- 
~ ally one or more silos for the storage of the corn crop. Such 2 
group is shown in Plate VIII, figure 2. The work stock is quite 
generally of good quality and of sufficient weight to accomplish the 
tillage of this soil. A large part of the farm work is done by the 
use of horsepower machinery. 

Tile underdrainage has been installed only to a small extent in 
this soil. The larger part of the type is fairly well drained in its 
ratural condition, but the more nearly level areas, especially where 
the subsoil is compact, heavy clay loam, are materially benefited by 
the use of tile. The yields of all crops are increased, while the profit- 
able production of alfalfa and even of red clover depends to a con- 
siderable degree upon the use of tile drains to improve the drainage 
of the subsoil. 

The crop rotations upon the different areas of the Miami loam 

vary considerably. The general practice is to plow sod land for the 
growing of corn. The next year the land is seeded to oats. This 
crop is usually followed either by wheat or barley, and a seeding 
to mixed timothy and red clover or to clover alone is made with the 
second grain crop. The land is allowed to remain in hay for two 
or more years. It may be pastured the last year in sod. Potatoes, | 
beans, sugar beets, or other intertilled crops are usually planted on 
sod land, although the local practice varies somewhat. 

Little commercial fertilizer is used upon the Miami loam. The 
cheaper grades, rather high in phosphoric acid, are used for wheat 
to some extent. The stable manure produced upon the farm is com- 
monly applied to the land to be plowed for corn. Some farmers 
use the manure as a top dressing on the grass land the second year 
after seeding. Practically no use of green manuring crops is made, 
and the stable manure and the sod, which is turned under for the 

corn crop, are depended upon for the maintenance of organic mat- 
ter in this soil. A field in which clover sod is being plowed under 
is shown in Plate IX, figure 1. It is probable that considerable 
improvement in the condition of the more sloping areas of this 
type could be effected through the use of winter cover crops, to be 
turned under to increase the organic matter in the surface soil. 

Although the subsoil of the Miami loam is generally well sup- 
plied with lime, it has been found profitable to apply lime to the 
surface soil when seeding to clover or alfalfa. Usually 1,000 to 
1,500 pounds of quicklime or 1 to 14 tons of ground limestone per 
acre is sufficient to put the surface soil in good condition for the 
growing of the leguminous crops. 

Practically all of the Miami loam which is not too steep or stony 
for cultivation is utilized for cropping. The type may be classed 
as a very good general farming soil, upon which corn, oats, wheat, 
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barley, and hay produce yields in excess of the general average for 
the different regions in which the type is found. Special crops are 
grown to some extent in different localities. Of these beans and 
sugar beets are most important, while nearly every farm on the type 
annually produces enough potatoes for the home supply. This crop 
might be more extensively grown to advantage. Rye and buckwheat 

produce fair yields, but are not grown extensively. 
The crops produced upon the Miami loam are largely fed to dairy 

and beef cattle and to hogs and sheep. The wheat and some of the 
oats and barley are sold. The sale of surplus hay is an important 
source of income in some localities. The farms are generally well 
improved, well stocked, and maintained in a good state of produc- 
tiveness. Under favorable conditions of climate and drainage it is 
possible to utilize this soil for the growing of the standard varieties 
of apples and for the production of peaches and grapes. 

MIAMI SILT LOAM, 

The Miami silt loam is an important and extensive soil type which 
has been encountered chiefly in central Indiana, northeastern Illinois, 
and southeastern Wisconsin. It has been mapped in 11 soil survey 
areas, occupying a total of 1,230,116 acres. It is known to occur in | 
areas of considerable size in adjoining regions. 

The different areas of the Miami silt loam vary somewhat in color, 
topography, and drainage. Some of these variations are of sufficient 
effect upon the cropping value of the soil and upon the methods 
by which it may best be tilled and managed to warrant the separation 
of two phases of the type, in addition to its normal development. The 
iypical soil is the most extensive and important, but the flat phase 
and the deep phase occupy large areas. 

The Miami silt loam consists normally of a dark-gray or light- 
brown, friable silty loam having an average depth of about 10 inches. 
The surface soil is usually somewhat deeper over level or depressed 
areas and shallower on steep slopes and over the crests of ridges. 
When moist the surface color is almost uniformly a grayish or yellow- 
ish brown, but when thoroughly dry it becomes a light or ashy gray. 

The immediate subsoil to a depth varying from 20 to 80 inches is 

x yellow or yellowish-brown silty clay loam. This is underlain by 
a yellowish-brown or brown, gritty or sandy clay, usually contain- 
ing an appreciable amount of coarse sand, gravel, and bowlders. 
As a rule this stony material consists chiefly of limestone, although 
crystalline erratics of various kinds form a part of the coarser 
grained material. 
A scattering of gravel and some cobblestones are encountered on 

the ridges and knolls occurring within the Miami silt loam, and in some 
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Fig. 1.—OATS ON MIAMI LOAM NEAR WAUKESHA, WIS. 

{Note the rolling surface of the country. ] 

Fig. 2.—BEANS ON THE MIAMI LOAM IN GENESEE COUNTY, MICH. 

[The farm buildings are typical of the region. ] 
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Fic. 1.—A PUREBRED DAIRY HERD ON THE MIAMI LOAM IN SOUTHERN WISCONSIN. 

Fic. 2.—CHARACTERISTIC FARM BUILDINGS ON A DAIRY FARM IN SOUTHERN 
MICHIGAN, NEAR FLINT, GENESEE COUNTY. 
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Fia. 1.—PLOWING UNDER SECOND GROWTH OF CLOVER TO ADD ORGANIC MATTER 

TO THE SOIL, SOUTHERN WISCONSIN. 

Fia. 2.—UNDULATING TILL PLAINS OccUPIED BY MIAMI SILT LoAm, DEEP PHASE, 
IN JEFFERSON COUNTY, WIS. 
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Fic. 1.—HERD OF BEEF CATTLE ON MIAMI SILT LOAM. 

Fic. 2.—REPRESENTATIVE FIELD OF CORN ON MIAMI SILT LOAM IN SOUTHERN 

WISCONSIN. 
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localities bowlders were numerous until removed from the fields and 

used for the construction of foundationsof farm buildings. Thestony 
areas are not usually extensive. On steep slopes within the type 
erosion has sometimes exposed the deeper subsoil, and gravelly and 
stony patches are found. 

The topography of the greater part of the Miami silt loam is 
gently rolling to ridged and hilly. The type also occupies smaller 
tracts which are merely undulating or nearly level. The range in 
elevation within the limits of the type is greater in the southeastern 
part of Wisconsin than elsewhere, differences in elevation of 100 to 
200 feet being encountered in the majority of the areas, with an 
extreme range of 500 feet or more. The type in this region occupies 
the tops and slopes of ridges, and the gently rolling or undulating 
till plains between the more pronounced glacial ridges. The undulat- 
ing surface of such areas of the type is shown in Plate IX, figure 2. 
In central Indiana the differences in elevation are not so great. The 
elevation ranges from 50 to 150 feet, and a larger part of the type 
is marked by a low, undulating surface whose extreme elevations 
are not more than 25 to 50 feet above the general level. It is only 
along the courses of the larger streams, where erosion has modified 
the original surface, that steep slopes or considerable differences 

in elevation are found in this section. The greater part of all the 
areas mapped is best described as gently rolling or undulating, with 
a smaller part either nearly level or distinctly ridged. 

Because of this moderate relief and of the generally sloping sur- 
face of the Miami silt loam it is commonly well drained in its natural 

condition. The presence of the gravelly and stony deeper subsoil 
also aids in subsurface drainage of the type. It was usually suffi- 

ciently well drained and elevated to be selected by the early settlers 
in the different regions. In some localities the low ridges included 
within areas of this soil were the only available sites for homes in 
pioneer days. 

The entire type was originally forested, mainly with sugar maple, 
beech, hickory, oak of several species, some walnut, and a small 
amount of elm and ash. Nearly all of this original growth has been 
removed, and only the steeper and more hilly or stony areas remain 

in forest or farm woodlots. In some sections more than 95 per cent 
of the type is under cultivation, while it is probable that 80 per cent 
of the total area of this soil is used for some form cf crop production. 
The remainder consists of pasture land and woodlots. 

In all the regions in which it is developed the Miami silt loam 
has been esteemed as a productive general farming soil since its first 
occupation. In its forested condition a fair amount of organic mat- 
ter accumulated in the surface soil, and it was usually well drained. 
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The timber growth furnished materials for the construction of farm 
buildings. The associated prairie lands were usually either poorly 
drained or covered with a tough sod which was difficult to break and 
convert into tilled fields. Wheat and corn were the crops first pro- 
duced, and these are still important crops upon this soil. At one time 
it was found that the yields of wheat were decreasing, because of the 
practice of continuous cropping to this grain, and, probably, because 
of the exhaustion of a part of the original supply of organic matter 
in the surface soil. Definite crop rotations were introduced, and corn 
assumed considerable importance. At present a decidedly diversified 
type of general farming is commonly practiced on the Miami silt 
loam, while in southeastern Wisconsin the dairy industry occupies a 
prominent place upon it. In Indiana dairying is usually subordinate 
to the growing of grain crops, and to the fattening of beef cattle and 
the production of pork. A good herd of beef cattle is shown in 
Plate X, figure 1. 

Corn is produced on practically all areas of the type. The yellow 
dent varieties are generally grown, although the white dent corn is 
also popular. Little flint corn is grown, as the growing season is 
sufficiently long to permit the production of the heavier yielding dent 
varieties. A representative field of corn on the Miami silt loam is 
shown in Plate X, figure 2. 

The greater part of the corn harvested from this type is husked 
and shelled for the grain. Yields vary in different seasons and with 
different methods of cultivation, but a production of 40 to 60 bushels 
of corn per acre is not unusual, while yields of as much as 75 bushels 

per acre are obtained under favorable circumstances. The general 
average production is probably about 40 bushels per acre. A large 
part of the corn crop is annually cut into the silo, especially in the 
dairy district of southeastern Wisconsin, and upon those farms in 
Indiana where the fattening of beef cattle forms a part of the farm 
system. This is shown in plate XI, figure 1. The practice is increas- 
ing in popularity. Yields of silage range from 10 to 15 tons per acre, 
with an average of about 12 tons. All the better drained areas of the 
type which are fairly well supplied with organic matter produce 
good average yields of corn, although the yields obtained are usually 
below those secured upon the “ black land” of the Clyde series asso- 
ciated with the Miami silt loam in many localities. In general, the 
largest yields of corn are secured where a regular rotation of crops 
is observed and where the corn is planted upon a clover sod or upon 
a timothy and clover sod. On the dairy and stock farms, where such 
rotations are practiced, and where a considerable amount of stable 
manure is also used upon the corn land, the yields of corn are 
above-the general average for the locality. The tile underdrainage 
of this type in the more nearly level areas increases the certainty of 
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securing a good stand of corn and improves the yields. In many 
‘cases corn is planted for two or three years in succession upon the 
same field, but it is generally recognized that better results are ob- 
tained where it is only grown for a single year upon sod ground and 
followed in regular rotation by small grains and grass. 
Among the small grains oats are most extensively grown, particu- 

larly in the more northern localities. The crop is sown upon corn- 
stubble land. Such land is usually plowed for the oat crop, but may 
be prepared by disk harrowing without plowing. The yields ob- 
tained range from 35 or 40 bushels to as high as 65 bushels per acre. 
The general average for the type is probably about 40 bushels per 
acre. A large part of the grain is fed on the farm, and the straw is 
used for feed and bedding. In some localities a small part of the 
grain is marketed. 

Winter wheat also occupies an important acreage upon the Miami 
silt loam, although the area annually sown to this crop is decreasing. 
Yields range from 12 to 30 bushels, with a general average of about 
18 bushels per acre. It is the usual practice to plow the oat-stubble 
land for wheat and to seed timothy with the wheat in the fall. In 
the spring an additional seeding of clover is made upon the wheat. 

The growing of hay crops is important on the Miami silt loam. 
The acreage devoted to mixed timothy and clover probably exceeds 
that of any other single crop on the type. The yields secured are 
excellent, ranging from 14 tons to as high as 24 tons per acre. A 

smaller acreage of.clover alone is grown, giving about the same 
yields. Usually the mixed seeding is cut for two or more years, and 
a crop of timothy seed is sometimes secured from the last cutting or 
the meadows are grazed before being broken for corn. The second 
crop of clover is often matured for seed. Timothy yields 7 or & 
bushels and clover 1 to 2 bushels of seed per acre. 

In some parts of southeastern Wisconsin alfalfa has been success- 
fully grown on the better drained areas of this soil. The yields range 
from 24 to 5 tons per acre in three cuttings. The acreage of alfalfa 
upon this and associated soils of the Miami series is steadily increas- 
ing in this region. It has been found that inoculation of the soil is 
essential to success with alfalfa, and it is considered advisable to use 

ground limestone rock at the rate of a ton or more per acre where 
alfalfa is to be seeded. Even where there is a considerable amount 
of limestone gravel in the deeper subsoil the use of lime to sweeten 
the surface soil is generally necessary. ~ 

Some of the more rolling and rougher areas of the Miami silt loam, 
where the surface is too uneven for cultivation, afford excellent 
natural pasturage in which Kentucky bluegrass usually predomi- 
nates. These pastures are maintained permanently in sod. 
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Potatoes are nowhere grown to any extent-as a commercial crop 
on the Miami silt loam. Nearly every farm annually produces a 
small acreage for home use. The yields range from 75 to 150 bushels 
per acre, and it is probable that improved methods of fertilization 

and cultivation would make the crop a commercial possibility. 
Beans are grown to a limited extent in some localities in southeast- 

ern Wisconsin, giving an average yield of about 20 bushels per acre. 
Sugar beets also are grown in this section and the yields range from 
10 to 15 tons per acre. The preduction of tobacco is chiefly confined 
to the deep phase of the type. A field is shown in Plate XI, figure 2. 
Many of the farms on the Miami silt loam include small orchards 

for the home supply of fruit. Where orchard locations are well 
selected upon rolling or hilly ground, giving good air and water 
drainage, the winter varieties of apples are successfully grown. 
Cherries and plums do well in the home orchards. It is hardly ad- 
visable to attempt commercial orcharding on any large scale on this 
soil. 7 

The usual crop rotation on the Miami silt loam in Indiana consists 
of corn grown for one or more years, followed by oats for one year; 
then winter wheat is grown for one year, and a seeding to mixed 
timothy and red clover or to clover alone is made on the wheat, and 
the land is devoted to hay for one year. The field may be pastured 
for one year or the sod turned under to return to corn. There is a 
constant tendency to grow as large an acreage of corn as possible and 

to reduce the acreage in wheat. It is claimed that the yields of winter 
wheat are not as large as in former years and the production is such 
that other crops prove more profitable upon this high-priced land. In 
southeastern Wisconsin, barley has almost completely displaced wheat 
and wheat growing has been practically discontinued. The usual 
crop rotation in this section consists of corn for one year, followed 
by oats one year and then barley, or the barley may be omitted. In 
either case a seeding to mixed timothy and clover is made with the 
small-grain crop and the land is usually kept in hay for two or more 
years. The sod is then plowed for corn. 

In the dairy regions stable manure is the chief fertilizer used 
on the Miami silt loam. It is usually apphed to the corn ground 
either on the sod before turning under or on the plowed land to be 
harrowed in before the planting of the crop. In some cases a com- 

mercial fertilizer is used with the small grain crop. In Indiana 
the use of commercial fertilizer is more general. It is apphed at 
the rate of 150 to 250 pounds per acre on the corn, and a like amount 
is frequently applied with the wheat. One of the chief needs of 
this soil is the restoration of organic matter, and the more general 
use of stable manure is to be recommended. Where possible it is 



THE MIAMI SERIES OF SOILS. 37 

also advisable to use some of the leguminous crops, such as clover, 

-for green manuring. Regularly plowing under a good clover sod 
in the rotation is a fairly satisfactory means of maintaining the 
organic-matter supply in the surface soil. 

The Miami silt loam is used for somewhat different types of farm- 
ing in the various areas where it has been mapped. Its chief use 
in southeastern Wisconsin is for mixed general farming, with the 
dairy industry as an important part of the system. Many excellent 
herds of registered and grade cows of the leading dairy breeds are 
maintained. The crops most successfully grown—corn, clover, 

alfalfa, and oats and barley—are all suitable for dairy feeding. The 
dairy farms are usually well improved with modern farmhouses, 
large dairy barns, silos, and necessary outbuildings. The fertility 
of these farms is well maintained by the use of stable manure, and 
the crop yields are quite generally satisfactory. In Indiana a much 
larger proportion of the type is used for grain farming, supple- 
mented in many instances by the fattening of beef cattle and the 
growing of hogs. Where beef cattle are fattened the improvements 
are about the same as upon dairy farms. Both systems of agri- 
culture are well suited to this soil. Where the production and sale 
of grain is made the chief object, the buildings are not usually so 
complete and the crop-producing power of the land is not so high. 
This probably arises to a considerable degree from the lack of stable 
manure, the use of which is of great benefit to this soil. 

The majority of the farms on the Miami silt loam are in good 
condition and show evidences of a prosperous state of agriculture. 

Flat phase—tThe flat phase of the Miami silt loam is almost ex- 
clusively confined to the areas surveyed in central and west-central 
Indiana. These areas include Boone, Hamilton, and Tipton Coun- 
ties, where this phase predominates, and portions of Montgomery 
and Tippecanoe Counties, where it is subordinate in area to the 
normal or rolling phase of the type. 

In this region the Miami silt loam, flat phase, is a hght-colored 
upland soil, locally known as “clay land” to distinguish it from the 
black silty clay loam soils with which it is commonly associated. 
It occupies from 40 to 60 per cent of the total area in this section. 

The surface soil to an average depth of 10 inches is a light-gray 
silt which varies in color from ashy gray when dry to a pronounced 

brownish-gray under normal moisture conditions. It is a soft, 
flourlike material which contains few coarse particles and which is 
usually rather deficient in organic matter. 

The subsoil to a depth of 25 to 80 inches is a stiff silty clay loam 
or clay. The upper part of the subsoil is frequently mottled yellow 
and gray, and may be somewhat friable. With increasing depth it 
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becomes more compact and claylike. The lower part of the 3-foot 
section is usually a brownish clay or clay loam containing consider- 
able sand and gravel. At greater depths the material becomes dis- 
tinctly gravelly and sandy, and numerous bowlders are encoun- 
tered. The flat phase grades into the Clyde silty clay loam in 
depressions where there has been a considerable accumulation of 
organic matter, and into the normal or rolling phase of the Miami silt 
loam where the topography becomes somewhat more rolling and 
the covering of silt over the underlying sandy and stony clay is of 
less depth. This phase of the type is practically stone free at the 
surface. 

The surface of practically all of this phase is only very gently un- 
dulating, while considerable tracts are nearly level. Some small 
areas of low relief are found within the phase. The depressed and 
nearly level areas are usually rather poorly drained, and only the 
more elevated areas lying along the crests of low swells have fair 
to good natural drainage. The greater part of the phase would be 
materially benefited by the installation of tile underdrainage. 

The flat phase of the Miami silt loam originally supported a mixed 
growth of hardwood timber in which beech predominated. It came 
to be known as “beech land,” in distinction from the more rolling 
phase of this type, which was known as “ sugar-tree land” because of 
the greater abundance of sugar maple. With the exception of small 
woodlots, the phase has been cleared, and probably 90 per cent of its 
area is under cultivation. 

Corn is extensively grown, giving yields which average somewhat 
below 40 bushels per acre. During exceptionally wet years the yield 
is far below this, and extreme drought also exerts a very unfavor- 
able influence upon the yield. This phase is not so well suited to 
corn production as the more rolling part of the type, and the yields 
are frequently below the average for the region. 
Wheat is commonly grown and constitutes the chief small-grain 

crop on this phase of the type. The yields range from 12 to 20 
bushels per acre, with an average of about 15 bushels. Oats are 
also grown, and in years of abundant rainfall give excellent results. 
The yields range from 30 to 50 bushels per acre, with an average 
of approximately 35 bushels. 
Timothy and clover constitute the chief hay crops. Timothy is 

well suited to this soil, while red clover is not so successfully grown 

as on the more rolling phase. 
Tomatoes for canning are grown to some extent, and potatoes and 

garden vegetables are produced for home consumption. 
Deep phase-—The deep phase of the Miami silt loam has been 

mapped extensively in south-central Wisconsin, where it occurs in 

Deane, Columbia, and Fond du Lac Counties. 
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The surface soil of this phase extends to an average depth of 10 
inches and consists of a light-brown friable silt loam. The color of 
the surface soil when dry is ashy gray. The subsoil is a yellow silt 
loam, which becomes heavier with increased depth, grading into a 
yellowish-brown silty clay loam at 20 to 24 inches. This material 
usually extends to.a depth of 3 to 6 feet, where it is underlain by 
glacial till consisting of a mixture of sand, silt, clay, and gravel. 
There is a sharp line of demarcation between the silty material form- 
ing the surface soil and the immediate subsoil and between the sub- 
soil and the deeper glacial till. Stone and gravel are almost entirely 
lacking in the surface 2 or 3 feet, but are numerous in the deeper 
subsoil. A large part of this stony material consists of limestone. In 
some localities the underlying rock is encountered at a depth of 
2 feet or less. In general stony areas are of small extent within this 
phase. 

The topography of the Miami silt loam, deep phase, is gently 
rolling or undulating, and the surface slopes are generally smooth 
and gentle. Differences of elevation of 100 feet or more occur 
within the phase, and there are some distinctly hilly areas of rather 
small extent. ‘The phase occupies the tops and sides of the low, 
rolling hills and the more gently undulating intervening plains. 
In a small area west of the Wisconsin River, in Columbia County, 
this phase is distinctly hilly, with differences in elevation of 500 or 
600 feet. In general the surface drainage of the phase is good, 
although small depressed areas are in need of tile underdrainage. 

The deep phase of the Miami silt loam is the most productive part 
of the type. Practically all of it is under cultivation, all the general 
farm crops of the region being produced. Corn is the leading crop, 
and average yields of 40 bushels per acre are secured. Yields of 
as much as 70 bushels have been obtained. Oats occupy the largest 
acreage of any small-grain crop and give yields of 35 to 70 bushels, 
with an average of 40 bushels per acre. Barley also is grown, pro- 
ducing 20 to 45 bushels per acre. Some winter wheat is grown, giv- 
ing acreage yields of 15 to 30 bushels. The acreage of both wheat 
and barley is said to be decreasing. The thrashing of small grains 
on a farm located on this phase in southern Wisconsin is shown in 
Plate XII, figure 1. 
A large area of this phase is seeded to mixed timothy and clover, 

and yields of 1 to 24 tons of hay per acre are secured. In some 
localities difficulty has been experienced in securing a stand of 
clover, and timothy is being seeded alone. 

In Columbia County, Wis., several special crops are grown to ad- 
vantage on this phase. Green peas for canning produce 1,800 “o 
2,000 pounds per acre. Where allowed to mature, a yield of about 
15 bushels per acre of seed peas is secured. Beans also are grown, 
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giving an average yield of about 20 bushels per acre. Some sugar 
beets are planted, producing from 10 to 15 tons per acre of beets of 
good quality. In southern Wisconsin the binder type of tobacco 
ix grown on this phase, giving yields of 1,000 to 1,500 pounds per 
acre. Potatoes are grown chiefly for home use. 

It is a common practice on the deep phase of the Miami silt loam 
to use a rotation consisting of corn, followed by a small grain, either 
oats, barley, or wheat, then seeding to timothy and clover. The 
small grain is sown either one or two years. Hay is usually cut for 
one or two years, and the land is sometimes pastured for an addi- 
tional year. The field is then manured and again plowed for corn. 

General farming, consisting mainly of the production of hay and 
grain, and dairying are the dominant types of agriculture practiced 
on this phase. Where local market facilities are good the growing of 
special crops, such as sugar beets, peas, beans, and tobacco, is prac- 

ticed in conjunction with the production of the more common farm 
crops. 

The farms on the deep phase of the Miami silt loam are commonly 
well equipped with buildings, work stock, and machinery, and indi- 
cate a generally prosperous condition. While farming conditions 
are fairly good, the average yields produced upon this phase are 
somewhat below the natural capacity of such a soil. The rather 
general lack of organic matter in the surface soil should be cor- 
rected by the use of stable manure and the plowing under of green 
manuring crops. The use of ground limestone at the rate of 1 ton 
or more per acre would assist in securing a better stand of-clover, 
and alfalfa can be grown successfully only where such an applica- 
tion is made. 

The Miami silt loam, in its different phases, is a fairly good general 
farming soil, suited to the growing of small grains and grass and 

giving fair to good results with corn. The flat phase is rather poorly 
drained and yields are generally low in years of excessive rainfall. 
It is also difficult to secure good yields under drought conditions be- 
cause of the tendency toward the baking of the surface soil. Under- 
drainage and the incorporation of large quantities of organic matter 
will tend to remedy this condition. 

The normal phase of the type is usually sufficiently rolling to have 
fair natural drainage, although some nearly level areas and many 
small depressed areas are in need of tiling. The rolling areas of this 
phase are adapted to a wide range of farm crops and are also better 
suited than any other part of the type to the growing of home 
orchards of winter apples and other fruits. The deep phase of the 
type is generally well drained and somewhat superior to other parts 
of the type, especially for corn production. 
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Although the deeper subsoil of all parts of the type is usually well 
supplied with limestone, it has been found that the surface soil is de- 
cidedly benefited by the application of ground lmestone at the rate 
of 1 ton or more per acre. The limestone is helpful in securing better 
stands of clover and decidedly essential to the growing of alfalfa. 

Hay, oats, and corn constitute the crops most extensively grown, 
while winter wheat and barley are also important. In the more 
southern areas hay and grain production and the fattening of beef 
cattle are the dominant industries, while in Wisconsin the growing of 

general farm crops and dairying predominate. 

THE MIAMI CLAY LOAM. 

The Miami clay loam is most extensively developed in Indiana, 
Michigan, and Ohio, though small areas are found in Wisconsin and 

Iowa. A total of 2,342,410 acres of this type has been mapped in 
the five States in which it has been encountered. The soil surveys 

already completed, however, indicate that the Miami clay loam con- 
stitutes one of the dominant soils of central and western Ohio, north- 

ern Indiana, and southern Michigan. From all of the localities in 
which this type has been recognized its area extends into bordering 
counties, indicating the existence of millions of acres of the type 

within the general region in which the Miami series is developed.’ 
The surface soil of the Miami clay loam is a brown, yellow, or gray 

silty loam. The depth of this surface soil is rarely less than 6 inches, 
except in small areas on steep slopes, where erosion has been active. 

Tt is generally more than 10 inches in depth, constituting an unusu- 
ally deep surface soil. This material is frequently underlain by a 
yellow or brown heavy silty loam which extends to a depth of about 
2 feet, and this in turn is underlain by a brown, yellow, gray, or drab, 

frequently mottled silty clay loam or heavy clay. At a depth vary- 
ing from 2 feet to 5 or 6 feet the typical blue or drab bowlder clay, 
with the characteristic glacial pebbles and bowlders, is almost uni- 
versally developed. Only on slopes and in other localities where the 
surface soil and subsoil are unusually shallow is the consolidated 
underlying rock encountered. Usually the depth of the glacial till 
over bedrock is from 40 to 250 feet. The Miami clay loam is de- 
rived from deep, complex, mechanically broken soil-making material 
of glacial origin. The soil itself has been slowly formed through the 
processes of weathering of the surface portion of this material. The 
glacial origin of the soil, insuring the commingling of earthy mate- 
rial from a great variety of sources, the great depth of the soil-mak- 
ing material, and the compact nature of the mass which resists exces- 

11t is probable that some areas of Miami silt loam have been included with areas of the 

Miami clay loam in some of the earlier soil surveys in Ohio and Indiana. 
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sive erosion all tend to form a soil of medium to good fertility and 
of a most durable quality under even fair conditions of agricultural 
use. 

In many regions where the Miami clay loam is encountered, 
scattered bowlders and small stones are found locally over the sur- 
face of the type, and in increasing quantities in the deeper subsoil 
and underlying till. In some small areas this accumulation of stone 
may be sufficient to interfere somewhat with cultivation. In such 
cases the stone is usually gathered from the field and used in the 
construction of fences or buildings. -In general, however, the surface 
soil is fairly free from any large masses of rock or extensive ac- 
cumulations of stone and gravel. The larger rock masses associated 
with the Miami clay loam roughly indicate the character of the 
finer grained soil-forming material. The bowlders, stone, and gravel 
comprise fragments of practically every known variety of igneous, 
metamorphic, and sedimentary rock occurring within the area occu- 
pied by the type or within the extensive tracts to the north from 
which the glacial ice passed southward to deposit its load. Granites, 
gneisses, schists, sandstone, limestone, and quartzite are all found 
among the glacial bowlders and pebbles. The softer rocks, such as 
shale, have usually been so finely ground by glacial action as to pre- 
vent identification in the majority of the areas. Usually a large part 
of the rock fragments in the deeper subsoil consists of limestone. 

Considering the wide extent of territory over which the Miami 
tlay loam is developed and its derivation from ice-laid materials, 
the surface configuration of the type is unusually uniform, or at least 
varies within reasonably narrow limits. In general, the surface of 
the type is gently undulating or slightly rolling with local low, 
rounded hills or steep-sided knobs in areas which include distinct 
glacial moraines. The only other hilly or steeply sloping areas of 
the Miami clay loam are those found where postglacial streams have 
cut deeply below the glacial upland surface, and have extended their 
minor branches through the upland areas occupied by the Miami 

clay loam. 
The altitudes at which this type is developed vary from ap- 

proximately 600 feet above tide level in the vicinity of Lakes Erie 
and Michigan to altitudes of a little more than 1,300 feet in south- - 
western Ohio and southeastern Indiana. These differences in alti- 
tude arise chiefly from differences in the elevation of the rock floor 
over which the glacial materials were laid down. The rolling surface 
of the soil type itself slopes gently upward from its lower elevations 
to the highest altitudes attained near the southern boundary of gla- 
ciation. 

There is considerable variation in the natural drainage of the 
Miami clay loam. The more nearly level areas, especially those some- 
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what remote from lines of pronounced stream drainage, are usually 
wet and poorly drained. This is due both to the level surface of the 
soil and to the great depth of the massive, stiff glacial clay from 
which the soil itself has been formed. Thus, both the surface drain- 

age and the internal soil and subsoil drainage are deficient over such 

areas. In the more rolling portions, such as comprise extensive areas 
in southern Michigan, west-central Ohio, and eastern Indiana, the 
drainage of the type is unusually good, and for this reason it was fre- 
quently selected for settlement in pioneer days. In no case is the 
drainage of the Miami clay loam excessive. 

Erosion constitutes a soil problem only in the steeper sloping 
areas of the Miami clay loam where the land breaks sharply from the 
general upland level down to the valley of some deeply incised 
stream course. Such areas are usually maintained in forests or 
woodlots, or at most are occupied for permanent pasture, so that 
the erosion problem upon this type is scarcely worthy of serious 
consideration. — 

The organic-matter content of the surface soil varies with the 
slope of the type and with its condition of natural drainage. In 
lower lying hollows and at the lower altitudes there is a tendency 
toward the accumulation of organic matter, resulting in the darker 
brown to black coloring of the surface soil and frequently in a more 
mealy and friable structure. In such locations the material grades 
toward the soils of the Clyde series, the silty clay member of which is 
generally associated with this type. Over the greater part of the 
area of the Miami clay loam the surface soil is brown or gray in 
color. In such areas a moderate amount of organic matter is present 
within the surface soil and the best conditions for crop production 
are thus indicated. On steep slopes, where erosion has been active, 
the surface soil is frequently absent and the brown, pale-yellow, ash- 
colored or blue subsoil material is exposed. Very little organic 
matter is present in the surface material of such areas, and the in- 
corporation of organic manures is necessary. In general, the or- 
ganic-matter content of the Miami clay loam, particularly in for- 
ested regions, is about the average for upland glacial soils. 

All areas of the Miami clay loam mapped le within the coo} 
temperate region of central United States, which is supplied with 
abundant but not excessive rainfall. This fact, coupled with the 
fine texture and dense structure of the soil material itself, restricts 
the use of the soil to the production of general farm crops, particu- 
larly the small grains and grasses. Thus the Miami clay loam is a 
general farming soil rather than a special-purpose soil, and its crop 
adaptations are such as to encourage the production of small grains. 
The increased yields of the general farm crops secured upon such 

tracts of this type as have been adequately tile drained indicate that 
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this is one of the most effective methods of improving the Miami 
clay loam. Particularly where the surface features are level to gently 
undulating, where farm lands are remote from deeply cut stream 
trenches, or where depressions exist over the surface of the type, the 
installation of tile drains is of fundamental importance in the proper 
utilization of this soil. The contrasts in crop yields between properly 
drained and poorly drained areas of the type, whether this drainage 
is accomplished naturally or through the installation of tile, are 
marked. With adequate drainage the Miami clay loam ranks high, 
not only for the production of winter wheat, oats, and grass, but 
also as a corn-producing soil. On the other hand, where drainage 
is deficient the production of corn and of winter wheat is practi- 
cally impossible, or the yields secured are too small to justify the 
growing of these crops. There are areas of the Miami clay loam, 
particularly in the more eastern States, which, because of poor drain- - 
age, have not been cleared and brought under cultivation until 
within the last half century, and then only through the construction 
of open ditches and the installation of systems of tile drainage. Flat 
areas which have not been so treated still produce small crop yields 
where they are farmed and do not possess that wide range of cropping 
possibility which is essential to a well-balanced system of general 
farming. The cost of tile draining a stiff, impervious soil of this 

character, and especially one where the deeper subsoil is hkely to 
contain considerable masses of stone or even large bowlders, is rather 
high, ranging from $20 to $30 an acre for the complete drainage of 
entire fields. Nevertheless, when this is considered as an invest- 
ment, adding to the permanent value of the land, it is usually justi- 
fied, not only by the increased yields secured, but also by the rapidly 
increasing value of the land itself. Tile drains to be effective upon 
the Miami clay loam should have considerable internal diameter 
and adequate fall along the ditch line, and should be placed at rather 
frequent intervals and at an average depth of not less than 3 feet. 
These requirements give rise to the rather high cost of adequate 
underdrainage of the type. 

The frequent incorporation of a reasonable amount of organic mat- 
ter in the surface soil is also requisite to maintain or to increase the 
efficiency of the Miami clay loam. The prevailing systems of farm- 
ing upon the type are fairly adequate for this purpose, in that grass 
constitutes an important crop in the regular rotation practiced over 
practically the entire area of this soil. The plowing under of the 
sod in the preparation of the land for corn or other hoed crops 
assists in the maintenance of organic matter in the soil, while the 
keeping of beef cattle and of dairy cows upon the areas of this type 
renders the application of stable manure possible over a large part 
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of the arable acreage each year. The better farmers throughout the 
section occupied by the Miami clay loam practice these methods of 
organic-matter restoration and are well repaid by crop yields being 
maintained and even increased. 

In connection with the production of the grass crops, particularly 
the clovers, the application of lime to this dense, compact soil results 
in increased yields wherever it is properly practiced. Either finely 
ground limestone rock or the burned stone lime may be used for this 
purpose. Where the powdered limestone is used, considerably larger 
applications are required than in the case of the quick lime. In the 
latter case applications of 1,500 to 2,000 pounds per acre result in 
marked increases in the yields of clover hay. At least double this 
quantity of ground limestone is necessary in order to secure the same 
results. 

Another method for securing improvement in the crop yields of 
the Miami clay loam consists of the maintenance cf the best tilth 
possible in the surface soil. The fine texture of the surface soil gives 
rise to a tendency toward clodding and baking unless the land is 
handled when the moisture conditions both of the surface soil and 
subsoil are particularly favorable. Plowing should not be attempted 
either when the soil is thoroughly baked and hardened or when it is 
wet and soft. In the former case large clods are formed which are 
very difficult to break down into a favorable condition by any sub- 
sequent tillage operations. In the latter case both the surface soil 
and the subsoil at plow depth are likely to become puddled and to 
form a “hardpan” or other physical condition unfavorable to the 
processes of root growth. A little care in the plowing of this land 
when it is in the condition of optimum moisture content will usually 
obviate both of these difficulties. It should be held in mind, more- 
over, by every owner of land of this character that the soil resources 
locked up in the baked and hardened clods are absolutely unavailable 
for the use of the growing crops, besides constituting a danger in the 
cultivation of the intertilled crops through the breaking down of 
the young plants. Thorough harrowing, preferably with the disk 
harrow, will generally serve to break up the surface clods, and the 
use of some such tillage implement is necessary in the proper prepara- 
tion of the land. 

There are few special crops which are suited to production upon 
the Miami clay loam, and the best types of agriculture conducted 
upon this soil are those embodying the production of grain and 
grass and the utilization of these for feeding dairy cattle and other 
stock. In the more rolling areas, especially where the low hills of 
the morainal belt are found, apple orcharding may be undertaken on 
# small scale. Even in such areas the heavy texture of the soil and 
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the dense subsoil limit the varieties which may be produced. Pears 
constitute the only orchard fruit other than apples that is well suited 
to a soil of such heavy texture. 

Tobacco is produced on the Miami clay loam in southern and 
southwestern Ohio in areas which are particularly well drained, are 
heavily manured and fertilized, and which have been brought into 
good mechanical condition by careful tillage. These constitute prac- 
tically the only special crops which are suited to production upon 
the Miami clay loam, both because of its textural peculiarities and 
because of the climate. 

The Miami clay loam, locally known as “ maple land” or “ walnut 
land,” from the dominant species of its native hardwood trees, was 
selected for clearing and settlement early in the pioneer days in 
Michigan, Ohio, and Indiana. The type supported a heavy growth 

of a great variety of hardwoods. Throughout Ohio it was forested 
with oak, maple, beech, basswood, walnut, poplar, cherry, ash, elm, 
hickory, black gum, buckeye, and ironwood. In localities where the 

maple or walnut prevailed the type soon attained a wide reputation 
for its fertility and sustained crop-producing power. In general 

the lands occupied mainly by a beech forest were not so highly es- 
teemed, while the growth of black gum and elm usually indicated 
low-lying areas within the type in which the natural drainage was 
too poor for their immediate occupation. 

The gently undulating or rolling surface of the Miami clay loam 
“was favorable for agriculture, and as the timber was removed a 

steadily increasing acreage was used for farm crops. At present over 
80 per cent of the total area of the type is either arable land or is held 
in more or less permanent pastures, which are occasionally plowed 
tor the production of a crop. The remainder of the type consists of 
woodlots, the somewhat hilly and stony areas which are occasionally 
encountered, and those steeper slopes along the margins of the type 
where the upland surface breaks down to the deeply trenched 
streams. 

In general the Miami clay loam is highly prized as an agricul- 
tural soil. Its value varies, depending upon its location with respect 
to markets and to transportation facilities, from $50 or $60 an acre 
to $250 or more where the land is located near the outskirts of the 

larger manufacturing cities. 
There is little possibility that the area of the Miami clay loam 

under cultivation may be greatly extended. Such extension mav 
occur only through the draining of areas which still remain some- 
what swampy or through the clearing of forested areas which are 
required for the use of the farms upon which they occur. The 
former improvement might well be undertaken. The clearing of 
woodlots could scarcely be called an improvement. 
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The Miami clay loam is principally devoted to the production of 
corn, wheat, oats, and hay. Of the grain crops the acreage of corn 
takes first rank, the crop being extensively grown upon this type in 
Indiana, Michigan, Ohio, and Wisconsin. In general, the dent varie- 
ties of corn, either white or yellow, are produced in the more southern 
regions, while to a small extent in Michigan the flint corn is also 
grown upon this type. In Indiana the yields of corn range from 25 
to 60 bushels per acre, with an average yield of something over 40 

bushels per acre. In Michigan the yields range from 25 to 50 bushels, 
with an average of about 30 bushels per acre. In Ohiocorn upon the 
Miami clay loam produces from 30 to 60 bushels per acre, with an 
average yield of about 40 bushels. In Wisconsin, the yield is 25 to 

40 bushels per acre, the average being about 35 bushels. In the areas 
where the Miami clay loam has been mapped in Indiana the acreage 
annually devoted to corn exceeds that devoted to any other grain 
crop, wheat being second in acreage and oats third. In Ohio the 
acreage devoted to corn is usually greatest, although in some instances 
this is exceeded by either wheat or oats, while in Michigan wheat is 
the crop most extensively grown, with corn second in acreage and 
oats third. In general the Miami clay loam is not considered quite 
as good a corn soil as the Clyde silty clay loam, or the Marshall silt 
loam, when these occur in the same areas where the Miami clay loam 
is found. It is, however, an excellent corn soil measured by the aver- 
age yields produced, even in the great corn-growing region of the 
central prairie States, and with proper drainage and careful prepara- 
tion of the land annual yields averaging from 45 to 50 bushels may be 
expected. The corn is usually planted on sod which has been turned 
under, and not infrequently applications of stable manure are made. 
In general, the Miami clay loam occupies a region in west-central 
Ohio and east-central Indiana where the average production of corn 
is in excess of 40 bushels per acre. The only regions of any extent in 
which this yield is exceeded are those somewhat farther to the west. 
which are occupied mainly by the Marshall silt loam. Thus the 
Miami clay loam may be ranked as one of the important corn soils of 
the United States. 

The majority of the farmers consider the Miami clay loam even 
better suited to the production of wheat than to the growing of corn. 
Of the total area of the Miami clay loam which has thus far been 
mapped, the counties in which the type constitutes more than one- 
half of the total area show an acreage devoted to wheat only less 
than that devoted to corn, and the computed average yield of wheat 
per acre in such counties in Indiana and Ohio is slightly more than 
17 bushels. Wheat yields, ranging from 15 to 25 or 30 bushels per 
acre, have been reported in these States, and it is probable that the 
average for the Miami clay loam considerably exceeds the general 
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average for the counties in which it occurs, since in each case it con- 
stitutes the best wheat soil of the area. A typical field of wheat on 
the Miami clay loam is shown in Plate XII, figure 2. Usually wheat 
is seeded on land upon which corn has been produced the preceding 
year. The winter varieties only are grown, spring wheat being prac- 
tically unknown in this section. In Michigan the area devoted to 
wheat usually exceeds that devoted to any other grain crop on this 
soil type, and the average yields upon all soils in the counties of 
which soil surveys have been made are in the vicinity of 13 bushels 
per acre. The yields reported from this soil type in the same coun- 

ties are 15 to 25 bushels per acre, indicating again that the Miami 
clay loam is a good wheat soil. Complete commercial fertilizers are 
sometimes used with the wheat seeding, but in general the fertilizers 
incorporated with the soil in the preparation of the land for corn are 
chiefly relied upon for the production of the succeeding wheat crop. 
In many cases wheat is produced two years in succession, and grass 
is seeded with the second crop. In other instances oats are seeded 
upon the corn land and followed by wheat. 

The acreage devoted to oats in the counties in which soil surveys 
have been made and in which the Miami clay loam predominates 
is usually subordinate both to the wheat acreage and to the acreage 
in corn, although in some instances the acreage in oats is second only 
to that devoted to corn, For these counties Census statistics indi- 
cate an average yield of over 35 bushels of oats per acre. In In- 
diana the average yields for the Miami clay loam are stated in the 
soil survey reports at 30 to 35 bushels per acre, while in Michigan 
and Ohio the average yields are given as 40 to 60 bushels per acre. 
These estimates are fully verified by an examination of the statistics 
of yields in the counties mapped. As has been noted, oats frequently 

take the place of wheat as a first-year small-grain crop. In other 
instances, particularly in Michigan and the northern part of Ohio, 
the wheat is entirely displaced by oats, which are seeded only for a 
single year, being immediately followed by grass. 

The area devoted to grass growing and hay production in the 

counties in which the Miami clay loam is the dominant soil type 
almost equals the area devoted to the production of the grain crops. 
This is due to the fact that grass usually occupies the ground for 
two or three years in the regular rotation, being cut for hay during 
the first and second years and not infrequently pastured the third 

year preparatory to breaking the ground for corn. The average 
yields for the counties in which soil surveys have been made exceeds 
1.3 tons of hay per acre, and again the Miami clay loam may be 
credited with a yield greater than the average for these counties. 
On this type the yields range from 1 to 2 tons per acre, and the 
latter yield is sometimes exceeded. In all areas where the Miami 
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FiG. 1.—CUTTING CORN INTO THE SILO ON A DAIRY FARM LOCATED 

ON MIAMi SILT LOAM IN SOUTHEASTERN WISCONSIN. | 

Fia. 2.—TOBACCO ON MIAMI SILT Loam, DEEP PHASE, IN SOUTHEASTERN WISCONSIN. 
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Fig. 1.—THRASHING SMALL GRAINS ON THE MIAMI SILT LOAM, DEEP PHASE, IN 
SOUTHEASTERN WISCONSIN. 

Fic. 2.—A TYPICAL FIELD OF WINTER WHEAT ON THE MIAMI CLAY LOAM IN WEST- 

CENTRAL OHIO. 

[Note the nearly level surface of this soil type.] 
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clay loam occurs the rougher and more sloping portions of the type, 
together with many areas which may be so covered with bowlders 
as to make cultivation difficult, are usually devoted to permanent 
pastures. The growth of native and tame grasses is excellent, and 
many pastures have been maintained from 50 to 100 years without 
reseeding or breaking the sod. 

Of the principal crops suited to the middle temperate region, the 
Miami clay loam ranks high in the production of corn, wheat, oats, 
hay, and pasturage grasses. Itistherefore one of the most important 
general farming soil types in the eastern part of the Central States. 

In addition to the crops above mentioned, which dominate the 
agricultural practice of the region and the type, rye is also occa- 
sionally produced in Michigan, giving yields of 15 to 25 bushels 
per acre. Barley production is confined to southeastern Wisconsin, 
and the yields reported vary from 20 to 40 bushels per acre. Beans 
also constitute an important crop in southern Michigan, pro- 
ducing from 10 to 22 bushels per acre, and the latter yield is 
sometimes exceeded. In central Indiana tomatoes are being produced 
as a canning crop, yielding 200 bushels per acre, and in the same 
region green peas are raised for the city markets and as a canning 
crop, giving yields of about 2,000 to 2,500 pounds per acre. These 
constitute secondary special crops, chiefly of local importance and 
produced because of local market conditions. 

In central and southern Michigan the Miami clay loam is also 
frequently used for the production of sugar beets. This crop takes 
the place of a part of the corn acreage in the regular rotation and 
has been produced extensively in this general region. The yields 
vary from 6 to 12 tons per acre, and the beets usually have a high 
sugar content and a high index of purity. The crop is grown only in 
the vicinity of established sugar-beet factories or in neighboring 
localities where transportation to the factories is well provided. 

Another special crop producted on the Miami clay loam is the 
Spanish Zimmer tobacco, grown in the Miami region of southwestern 
Ohio. In this region the tobacco usually follows the corn crop, 
and the Miami clay loam is considered the best soil in the area for 
the production of tobacco. Nearly every farm includes a small field, 
ranging in size from 3 to 8 acres, while some growers produce from 
10 to 80 acres each year. The tobacco grown upon this soil has good 

“body, good sweating properties, and is fine fibered and elastic. The 
best filler leaf produced in the region is grown on the rolling upland 
areas of the Miami clay loam. 
Among the tree fruits only apples and pears do well on the Miami 

clay loam, and even with apples it is necessary to discriminate in 
the selection of particular areas of the soil for the planting of 

orchards and also in the selection of varieties suited to such a heavy 
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type of soil. It is only on the more rolling and better-drained up- 
lands, where both surface and internal drainage are well established 
and where the air drainage over the orchard sites is good that apple 
orcharding upon a commercial scale should be undertaken. Lower 
lying areas where water drainage is interrupted or where the air 
does not circulate freely should be avoided for any extensive apple 
planting. - The varieties best suited to this type are the old standard 
northern winter apples, the Rhode Island Greening and the Northern 
Spy. Of these varieties the soil is probably best adapted to the 

Greening. Although other varieties may be grown, these are prefer- 
able for commercial plantings. 
The soil is altogether too heavy and the subsoil too dense for the 

production of peaches. Upon well-drained areas of the Miami clay 
loam the small fruits, particularly raspberries, currants, and straw- 

berries, do well and may be grown successfully not only for home 
supply but also for near-by city markets. 

There has been very little development of market gardening or 
trucking on this type, with the single exception of a locality in 
central Indiana, where tomatoes and green peas are the principal 
crops grown. There is an excellent opportunity for the production 
of cabbage and even of onions upon the lower lying portions of the 
type, especially where the dark-colored muck soil, which is frequently 
found in the hollows within the area of the type, has a depth of 6 to 
8 inches or more. 

In general, however, the Miami clay loam is too valuable as a grass 

and grain producing soil to be devoted to special crops, except in 
cases where local market demands are unusually strong, or where 
there are exceptional opportunities for rapid transportation to the 
larger cities. 

As a result of the crop adaptations of the Miami clay loam, the 
proper disposal of the farm crops annually produced has led the 
majority of farmers into some form of animal production to sup- 
plement the sale of corn, or wheat, or other grain crops. In some 
parts of Ohio and in southern Michigan dairying constitutes the 
chief means of such crop disposal. Both corn and hay are exten- 
sively fed to dairy cows, while the areas of pasture are utilized 
for the summer production of milk. A part of the milk is shipped 
to the large cities, but the greater part of it is sold to local cream- 
eries and cheese factories. In this connection young stock, includ- — 
ing calves and swine in large numbers, are fed for the purpose of 
a supplementary sale of beef, veal, and pork. In central Indiana 
and west-central Ohio the fattening of beef cattle is an important 
industry on this type. It is within the area ocupied by the Miami 
clay loam also that the principal sheep-breeding industry still main- 
tained in the Eastern States is located. The sheep are now kept 
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largely for the production of early spring lambs, although the wool 
clip constitutes an important source of revenue in many areas where 
this type has been encountered. Not as many sheep are kept within 
this general region as in the early days of wool production, but the 
number now maintained is steadily increasing with the increased 
price of spring lamb. 

It is wholly impossible properly to till the Miami clay loam with 
light-weight farm teams or light tools. This is thoroughly recog- 
nized throughout practically all areas where the type occurs, and as 
a result the heavy two-horse teams and the more powerful forms of 
farm machinery are in common use. With these teams and imple- 
ments deep plowing of the surface soil is possible, and thorough 
harrowing and tillage of the type can be conducted at later stages. 
The use of heavy teams and improved machinery is shown in Plate 
XIII, figure 1. A large part of the crops grown is planted or sown 
by the use of the two-horse corn planter or the large-size grain drill 
with fertilizer and seeder attachments. Disk harrows and riding 
cultivators are also used extensively. The farm equipment is usually 
adequate and substantial. 

Because of the general practice of some form of stock raising 
within the territory occupied by the Miami clay loam, the farm 
buildings are large and substantial and the region is marked by 
well-painted houses, large and well-constructed hay and dairy barns, 
and in some sections by the necessary equipment of well-built tobacco 
barns. Not infrequently the farms on this type also possess the 
requisite equipment for the manufacture of maple sugar or sirup 
from the groves of sugar maples remaining in many areas. In gen- 
eral the teams, implements, and buildings upon the Miami clay loam 
give the appearance of a well stocked, adequately equipped, and well 
cared for farming territory. Typical farm buildings on the Miami 
clay loam in western Ohio are shown in Plate XIII, figure 2. 

CROP USES AND ADAPTATIONS. 

The soils of the Miami series are principally developed in the 
humid portion of the northern temperate region. Within the ter- 
ritory occupied by these soils the average annual precipitation ranges 
from slightly in excess of 40 inches in southern Ohio and Indiana to 
a little more than 30 inches in northern Michigan and Wisconsin. 
Over the greater part of the region it amounts to more than 32 
i.ches, and in some localities exceeds 40 inches. Throughout the 
greater part of this area the precipitation is well distributed for 
crop production, since a large part of it occurs during the growing 
season. 
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The length of the growing season, or the normal interval between 
killing frosts in spring and fall, varies widely in the different sec- 
tions of this territory. Thus in the southern areas, in southern and 
central Ohio and Indiana, the length of the growing season is ap- 
proximately 175 days. The season becomes gradually shorter toward 
the north, comprising only about 150 days in central Michigan and 
Wisconsin. Only the most northern developments of the soils of 
this series have a growing season as short as 125 days under normal 
onditions. 
Since the differences in altitude -within this section are in general 

shght, there are no marked departures from the normal changes 
in climatic condition caused by differences in elevation. The pro- | 
tective influence of large bodies of water is felt in the case of those 
areas of the series which lie along the eastern shore of Lake Mich- 
igan to a distance of 30 miles or more inland, and, to a less extent, in 
areas along the western shore of the lake and around Green Bay. 

These climatic conditions render possible the production of prac- 
tically all of the staple crops suited to a temperate climate. 

In considering the crop uses and adaptations of the different soils 
of the Miami series it must be held in mind that the different types 
are very unequally distributed through the region in which the series 
is developed. Fully 80 per cent of the total area of the Miami clay 
loam thus far encountered in the soil surveys lies in Ohio and Indi- 
ana. Approximately 50 per cent of the Miami silt loam has been 
encountered in these two States, while additional large areas occur 
in the southeastern part of Wisconsin where the climatic conditions 
are not materially different. All of the Miami fine sandy loam thus 
far mapped occurs in Michigan and Wisconsin, while the other more 
sandy and gravelly types, which are subordinate in total area, are 
chiefly confined to Wisconsin. 

This uneven distribution of the types of the series will probably 
be accentuated as the soil survey work progresses, since it is known 
that large additional areas of the Miami clay loam and silt loam 
exist in western Ohio and central Indiana. There is thus a prepon- 
derance of the heavier soil types in the more southern latitudes and 
of the more sandy or loamy types farther north. 

Moreover, the gravelly soils of the series and large areas of the 
more sandy soils are marked by a rather rough topography, and are 
less well suited to agriculture than the smoother, heavier members 
of the series. 

All of these circumstances tend toward the partial development 
only of the sandy and gravelly soils and toward a restricted crop 
use, while the fine sandy loam and heavier members of the series are 
extensively occupied for the production of a wide range of staple 
crops. 
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The Miami sand is of very limited extent, and is too droughty to 
give even fair yields of staple crops. Low yields of corn, oats, rye, 
and clover are secured. If this soil were favorably located with 
respect to markets it would constitute an early truck and fruit soil 
of considerable value. 

The Miami gravelly sandy loam and gravelly loam are somewhat 
better suited to crop production, giving fair yields of corn, oats, rye, 
barley, and hay under favorable conditions of rainfall. They are 
both subject to drought and are chiefly farmed in connection with 
other soil types. A large total area of each type is used for perma- 
nent pasture. 

The Miami fine sand produces low yields of the general farm crops. 
Corn yields about 25 bushels, oats 22 bushels, rye 12 bushels, and 
timothy and clover hay about 1 ton per acre. It is a fairly good 
potato soil and beans are successfully grown. About three-fourths 
of the total area of the type thus far encountered in the soil surveys 
is under cultivation, while the greater part of the remainder is used 
for pasture. 

The Miami sandy loam has been encountered only to a very limited 
extent. Its crop uses are about the same as those of the Miami fine 
sand, but the yields of the staple crops are slightly greater. 

The Miami fine sandy loam is the coarsest textured soil of the 
series that is well suited to the extensive production of the staple 
farm crops. Practically all of the area of this type so far mapped 
occurs in the cooler portion of the general region occupied by the 
soils of the series. The type is everywhere well drained, and the 
compact subsoil serves to retain moisture to a sufficient degree for 
maturing crops under conditions of normal rainfall. As a result 
practically all the type has been cleared and is used for general and 
special forms of agriculture. A study of the crop uses of this type 
shows that corn, oats, and hay occupy the largest acreages. upon it, 
producing fair to good yields. Barley, wheat, and rye are grown to 
a small extent. The yields of wheat are low, and the acreage de- 
voted to this crop is decreasing. Beans are grown to a considerable 
extent in Michigan, producing fair average yields. Potatoes are 
well suited to this soil, and are grown to some extent as a cash crop 
in both Michigan and Wisconsin. The type occurs extensively within 
the Michigan fruit belt, which extends inland for a distance of 30 
miles or more from the eastern shore of Lake Michigan. In this 
region it is used for apple and peach orcharding and for the grow- 
ing of cherries, grapes, and small fruits. It is found to be well 
suited to these crops. Dairying constitutes the principal form of 
animal industry on the Miami fine sandy loam, although some beef 
cattle are fattened and hogs also are grown in connection with dairy- 
ing. Sheep are raised in some localities. 
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The Miami loam is chiefly developed in southern Michigan, with — 
large areas in about the same latitude in Wisconsin. The occur- 
rence of this type in the more northern sections affects its crop uses, 
and it is probable that the largest acreage is annually devoted to 
hay production. Corn is second in acreage and oats are third. The 
area devoted to the production of winter wheat is next to that used 
for oats. The yields of all of these crops are good. Corn probably 
averages something more than 40 bushels per acre. Hay produces 
about 13 tons. Oats yield an average of about 40 bushels per acre. 
The average wheat yield is about 15 bushels. Rye and barley also 
are grown, giving good average yields. Beans constitute the most 
important special crop, being extensively grown upon the Miami 
loam in southern Michigan. The average yield per acre is about 
15 bushels. Potatoes are grown chiefly for home use, but a surplus 
is annually marketed, and the type might well become an important 
potato-producing soil. Orchard fruits are grown in favored locali- 
ties, chiefly for home use. Both in Michigan and Wisconsin the 
dairy industry is well developed on the Miamiloam. The crops grown 
are well suited to dairy feeding, nearly all of the farms include some 
land best suited to permanent pasturage, and the climatic conditions 
are suitable for the manufacture of butter and cheese. In connection 
with the dairy industry, some hogs are fattened. In the bean-grow- 
ing region sheep also are raised. But few beef cattle are kept on 
this type. 

The Miami silt loam has been mapped chiefly in Indiana and Ohio. 

Large areas are also found in the southern part of Wisconsin under 

similar climatic conditions. The larger areas of the type lie well 
within the “corn belt” and this crop occupies the largest acreage on 
the Miami silt loam. All of the better drained portions of the type 
are well suited to corn production, and the average yield obtained is 
in the neighborhood of 40 bushels per acre. It is an important corn- 
producing soil although the average yields secured from it are fre- 
quently exceeded by those produced on the darker colored soils asso- 
ciated with it. There is a general tendency over the entire type to 
produce as large an acreage of corn as is possible each year. The 
acreages given to oats and to hay are almost equal over a considerable 
part of the Miami silt loam. In the more southern regions of its 
occurrence the climatic conditions are not especially favorable for 
oat production, but near its northern limits, as in Wisconsin, this 
crop thrives and the largest acreage sown to grain is annually de- 
voted to oats. The average yield produced under all conditions of 
climate and soil is about 40 bushels per acre. The yields in southern 
latitudes are generally less than those secured farther north. The hay 
grown on the Miami silt loam is chiefly mixed timothy and red clover, 
although some localities produce clover alone. The average yields 
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range from about 1} tons per acre in more southern localities to 13 
tons in southern Wisconsin. The deep phase of the type is one of the 
best hay soils in the Central States. Winter wheat is extensively 
grown on the Miami silt loam in Ohio and Indiana, and constitutes 
the chief small-grain crop in the more southern locations. The yields 
range from 12 to 30 bushels per acre and statistics of production indi- 
cate that wheat on this soil will average from 16 to 17 bushels per 
acre over large areas through considerable periods of time. It is evi- 
dent that the acreage of wheat grown upon this type is being reduced 
somewhat, and it is claimed that the yields have decreased. It is 
probable that the greater profits secured from the production of corn 
have contributed to the restriction of wheat production. Barley is 
grown to some extent on this soil in southern Wisconsin, giving an 
average yield of 20 bushels or more per acre. Several special crops 
have been grown with success in different areas of the Miami silt 
loam. In central Indiana tomatoes are produced for canning, giving 
a fair tonnage of late tomatoes. Beans are grown to a limited extent 
in southern Wisconsin. In this region some tobacco also is grown. 
Nearly all farms upon the type produce sufficient potatoes for home 
use, but the growing of this crop on a commercial scale is not prac- 
ticed. Sugar beets are grown in southern Wisconsin, giving large 
yields of beets of fair quality. The better drained areas of the Miami 
silt loam in southern Wisconsin have been found to be well suited to 
growing alfalfa. This crop produces from 24 to 5 tons per acre. 

In all of the more southern localities of its occurrence the Miami 
silt loam is chiefly used for the production of grain and hay. In 
part these crops are fed to beef cattle and to hogs, while a part of 
the grain is sold. In the more northern regions a profitable dairy 
business is developed on the basis of the large acreage of hay and 
pasture maintained on the type, supplemented by the use of corn 
as silage. The crops sold are chiefly the small grains. In general, 
the type of farming and the character of the crops grown vary to 
a considerable degree with climatic conditions. 

Approximately 75 per cent of the total area of the Miami clay 
loam which has thus far been mapped occurs in western Ohio and 
central Indiana. It is certain that from 50 to 80 per cent of the 
total area of many of the counties in this section is occupied by this 
soil and the closely related Miami silt loam. The dominance of 

the type is so marked that the general agricultural practices of the 
section may be correlated with this soil with a reasonable degree 
of accuracy. A study of the statistics of crop production in this 
region shows that the area annually devoted to corn growing is 
double that given to any other single crop. It is only slightly less 
than the combined acreage of hay, oats, and wheat, the three next 
most important crops. This section has a growing season of 160 
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to 180 days, and is also provided with an abundant rainfall, except 
at rare intervals. Corn is generally recognized as the most profitable 
staple crop, and the constant tendency is to increase the acreage 
planted. 

The availability of the Miami clay loam as a corn soil. under these 
climatic conditions is well shown by the average yields secured over 
large areas and through periods of many years. The various soil 
survey reports indicate that the range in yield is from 25 to 60 
bushels per acre, with a general average of 40 bushels or more. 
Statistical data confirm these figures, showing an average yield of 
corn of approximately 44 bushels per acre for the western Ohio 
counties where this soil is dominant and of 45.4 bushels per acre for 
similar counties in central Indiana. In each case these yields are 
above the average for the States. While the figures may be a little 
high, due to the inclusion of average yields from excellent corn soils 
found along numerous river terraces and from appreciable areas of 
black upland soils, they are fairly representative of the capabilities 
of the Miami clay loam for corn growing. These average yields are 
only less than those secured from the dark prairie soils of the corn 
belt, occurring immediately to the west of the region where the Miami 
soils dominate. All evidences of high present yield, increasing 
acreage, and numerous instances of yields considerably in excess of 
the average production indicate that the Miami clay loam is one of 
the most important corn soils of the eastern part of the central corn- 
growing belt. The soil survey reports consistently indicate that 
portions of the type which either possess good natural drainage or 
which have been tile drained produce corn crops above the average. 
They also show that yields are increased by the practice of a regular 
rotation which includes the production of clover or mixed clover and 
timothy, and that the use of organic manures is essential to the pro- 
duction of high yields of corn. 

The acreage in hay crops is second to that devoted to corn in 
those Ohio and Indiana counties in which the Miami clay loam pre- 
dominates. The average yields of mixed timothy and clover hay 
are 1.4 tons per acre in the Ohio counties and a little over 1.3 tons 

per acre in the Indiana counties. In both cases these yields ‘are above 
the averages for the respective States. The greater part of the hay 
produced consists of mixed timothy and clover, although a large 
amount of clover alone is grown in both these States. 

Oats are third in total acreage in these counties, covering but 
slightly less area than hay. The yields per acre are slightly under 
30 bushels in each State, being less than the State averages. The 
yields of this crop on the Miami clay loam as it occurs in Michigan 
and Wisconsin are higher than in the more southern localities. 
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The Miami clay loam has its greatest development in the eastern 

region where winter wheat still constitutes an important crop. 

The acreage reported in wheat for the Ohio counties dominated by 
this type is decidedly less than that devoted to oats, but in Indiana 
the acreage nearly equals that in oats. In both cases winter wheat 
ranks fourth in acreage among the staple crops. In both States it is 
generally reported that the acreage in winter wheat is being re- 
duced, although this crop retains an important place in the farming 
system. The average yield for the Miami clay loam in western 
Ohio is approximately 14 bushels per acre, the yields ranging from 
12 to 20 bushels. In Indiana the average yield is 15 to 16 bushels 
per acre, with about the same range. In both cases the yields are 
slightly less than the averages for the respective States. Consid- 
erable wheat is also grown upon the Miami clay loam in southern 
Michigan, and the yields reported are larger than in either Ohio 
or Indiana. They average slightly less than 20 bushels per acre. 
The type is undoubtedly well suited to wheat, but the higher returns 

per acre secured from corn production have tended to increase the 
acreage of that crop somewhat at the expense of wheat. In the 
dairying regions, also, the desire to produce the largest possible 

acreage of forage crops on each farm has led to a gradual aban- 

donment of wheat. 
Barley, rye, and buckwheat are grown only to a small extent on 

the Miami clay loam, although they give good average yields in 
the more northern localities. 

Tobacco constitutes a special crop on the Miami clay loam in south- 
western Ohio and adjoining counties in Indiana. On many farms 
from 5 to 20 acres are annually devoted to tobacco and the yields are 
good, averaging 1,200 pounds or more per acre. Tomatoes also are 
grown to a limited extent in central Indiana, chiefly for canning 
purposes. The type is well suited to this crop. 
‘The Miami clay loam is developed to some extent in the southern 

counties of Michigan, and small areas are found in southeastern 
Wisconsin. In Michigan it is probable that the hay crop occupies 
the largest acreage of any single crop on the type. Mixed timothy 
and clover constitute the principal hay crop, giving an average yield 
of about 14 tons per acre. Corn is second in acreage, and produces 
an average yield of about 35 bushels per acre in this more northern 
latitude. Oats constitute the principal small-grain crop, and the 
average yield for the Miami clay loam in both Michigan and Wis- 
consin is undoubtedly in excess of 35 bushels per acre. Some beans 
and sugar beets are produced on the type. 

The dominant form of agriculture upon the Miami clay loam is 
grain and grass farming. This is supplemented to a small extent 
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and in restricted localities by the production of special crops such as 
tobacco and tomatoes. A considerable part of the corn grown is sold, 
while all of the wheat is produced for cash sale. The balance of 
the corn, the greater part of the oat crop, and nearly all the forage 
are fed upon the farm. In Ohio and Indiana the feeding operations 
consist chiefly of the fattening of cattle bought for this purpose. 
Associated with the feeding of stock is the fattening of hogs raised 
on the farm. Many of the counties in western Ohio and central 
Indiana which are dominated by the Miami clay loam and the Miami 
silt loam, annually sell more than a million dollars worth of these 
two animal products. In fact, the chief form of animal industry 
consists of fattening beef cattle, the cattle being followed in the feed 
lot by hogs. Dairying is only developed in these counties to a limited 
extent where local markets or shipping facilities render it particu- 
larly profitable. In Michigan, however, the dairy industry rather ex- 
ceeds in importance the fattening of beef cattle. Hogs are grown 
both on the dairy farms and with the beef cattle. In Wisconsin the 
type is found in the dairy section, and the growing of forage crops 
and the feeding of dairy cows are the chief industries. 

SUMMARY. 

A general consideration of the crop uses and adaptations of the 
soils of the Miami series indicates that the more gravelly and sandy 
soils of the series are relatively unimportant agriculturally be- 
cause of limited total extent, defective moisture-holding capacity, 
and a generally rougher topography. Yet some of these soils, par- 
ticularly the Miami fine sand and sandy loam, would constitute 
valuable special-crop soils if they were suitably located with respect 
to markets. 

The Miami fine sandy loam, loam, silt loam, and clay loam com- 
prise by far the greatest area of the soils of this series, and they are 
well suited with respect to topography, drainage and moisture con- 
ditions, and climatic surroundings to the growing of the most im- 
portant staple crops of the temperate region. The Miami fine sandy 
loam is the coarsest textured soil of the series which is well suited 
to general farming. It is a fairly good soil for the production of 
corn, oats, and hay, and is well suited to the growing of beans and 
Irish potatoes. The occurrence of considerable areas of the type 
under special climatic conditions has encouraged its use for orchard- 
ing and the growing of grapes and small fruits. 

The Miami loam is an excellent general-purpose soil, and is ex- 
tensively used for the growing of corn, oats, and hay, with beans as 
the chief special crop. It is also suited to orcharding upon a domestic 
scale. Climatic conditions have favored the development of the dairy 
industry. 
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The Miami silt loam and clay loam are closely associated in geo- 
graphic distribution, and are quite similar in their present crop uses. 
Owing partly to the climate both. types are used chiefly for corn 
growing, with hay and oats occupying large acreages. Winter wheat 
is extensively grown upon both soils, giving moderate yields. The 
corn acreage is increasing while that in wheat is decreasing on both 
soil types. In general, the fattening of cattle and the raising of 
hogs constitute the chief forms of animal industry on both types, 
although the dairy industry is well developed in the more northern 
regions of their occurrence. Special crops, with the exception of 
tobacco and tomatoes, are not extensively grown. 

The principal types of the series rank high as general farming 
soils, giving yields of the staple crops which equal or exceed the 
average of the States where they are most extensively developed. 
It is generally true that the heavier members of the series are much 
improved by tile underdrainage, while all of the types require the 
addition of organic matter in the surface soils either by the use of 
stable manure or the plowing under of green manure. It has been 
found that while the subsoils of the different types are generally 
calcareous, the application of lime to’ the surface soils is beneficial 
in conjunction with the growing of clover and other leguminous 
crops. 

Practically all the available areas of the principal types have 
been cleared and are utilized for agricultural purposes, only the 
rougher land remaining in woodlots or in permanent pastures. 
While crop yields are, in general, satisfactory, it has been found that 
careful attention to crop rotation, the incorporation of organic ma- 
nures, the use of commercial fertilizers with the small grain crops, 
liming, and tile underdrainage on the heavier types aid in increas- 
ing crop yields. 
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INTRODUCTION. 

The extraction of potash from silicate rocks or the rendering of 
this alkali soluble in water has been and probably will continue to be 
for a long time the object of numerous investigations. 

Rosst has investigated many of these processes and discussed 
several in some detail. For convenience he divides them into three 
classes, as follows: (1) Processes which yield potash as the only 
product of value; (2) processes which yield potash and some other 
salable material as a by-product; (3) processes in which two or more 
operations are combined in one, yielding a fertilzer containing two 
or more of the constituents, potash, phosphoric acid, and nitrogen. 
He describes two methods for obtaining potash from feldspar by 
treating mixtures of that mineral and lime, collecting the potash 
thus liberated, and using the residue for the manufacture of cement. 
The potash obtained by these processes, however, is in the form of 
oxide or hydroxide, and is therefore more valuable for other purposes 
than for the manufacture of fertilizers. Ross also tried heating 
together feldspar and lime with the addition of phosphate rock, but 
found that the latter substance did not enter into the reaction, there 
being no increase in the quantity of potash thus obtained over that 
produced by the ignition of feldspar and lime alone. 

The production in a single operation of available hbapherie acid 
and potash from aepinble minerals, however, presents possibilities 
which are particularly attractive, fd cee eral processes have been 
devised to accomplish this end. It is the purpose of this paper first 
to discuss these existing methods and then to describe a process 

1 Jour. of Ind. and Eng. Chem., 5, No. 9, pp. 725-729 (1913). 
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recently devised in this laboratory for rendering the phosphoric acid 
and potash in a mixture of phosphatic limestone and feldspar “ citric 
soluble,” 

EARLIER METHODS. 

There are four? recorded processes for making a phosphoric acid- 
potash fertilizer from phosphate rock and feldspar. In chrono- 
logical order they are as follows: 
A method devised by Charles Bickell? in 1856, which consists in 

heating in a reverberatory furnace to a ight redness for two hours 
an intimate mixture of 1 part feldspar, 0.5 part phosphate of lime, 
and 3 or 4 parts of air-slaked lime. Bickell claims that both phos- 
phoric acid and potash in available forms are obtained by this treat- 
ment. 

This experiment was repeated in this laboratory, using feldspar, 
Tennessee phosphatic limestone, and calcium carbonate in the fol- 
lowing proportions: 

Per cent. 

Feldsparm (13s per cent, K.O) 223 ee eee 22.2 

Phosphatic limestone (23 per cent P.O;)____._--_----______- alae 

@alcinm carb Owes @s= 2 = sa eee eee ee ee eee 66. 7 

Assuming that the carbon dioxide present in the calcium carbonate | 
and phosphatic limestone was the only substance volatilized during 
the process, the product should have contained after ignition 4.38 
per cent potash (K,O) and 3.4 per cent phosphoric acid (P,O,). 
Analysis of the residue, however, gave the following results: 

K:.0: Per cent. 

ETN Cea pee ee pe 8 A SE Am 1.94 

Water soluble. 22 --2---= eth tt. oh. 2 Rigs 18 

P.0;: 

OO Ger cies eer ee te ee es Se Sire ha Le By (Oy 

Citric “SOI 622 = 2 re eee 1. 40 

These results show that over 44 per cent of the potash present in 
the mixture was volatilized upon ignition, and of that which re- 
mained in the residue only 9 per cent was water soluble. While none 
of the phosphoric acid was volatilized, less than 39 per cent of the 
total amount present was soluble in a 2 per cent solution of citric 
acid (the method usually employed for determining the availability 
of phosphoric acid in basic slag). 

The second process for the manufacture of a phosphate-potash 
fertilizer from feldspar and phosphate rock was devised by Fred- 
erick Klett * in 1865. It consists of heating to redness for five hours 
an intimate mixture of one part feldspar, two parts carbonate of 
lime, one part phosphate rock, and adding for each part of K,O in 
the feldspar two parts of calcium fluoride. It is claimed that a solu- 

1 Since transmitting this manuscript several other processes have been devised. The 

author regrets that it is impracticable to consider these methods in the present paper, 

2U. S. Patent No. 16111 (1856). °U. S. Patent No. 49891 (1865). 
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ble silicate of lime and potassium phosphate are thus obtained. In 
view of the fact that the percentage of potash in the mixture is rela- 
tively small and that the time of heating is very long, it is hardly 
likely that the value of the product would cover the cost of manufac- 
ture. Moreover, the claim that phosphate of potash is formed in the 
operation is apparently not justifiable. It was thought advisable, 
however, to test this process also. A mixture of the following com- 
position was made up and ignited in a muffle furnace for five hours 
at red heat: 

: Per cent. 

Hela spare G@losper cent KoO)22- S re Aa Pe eS ea 24. 21 

Phosphate. rock, (32:8)-per cent. 2205) 242 =_ 4s 2 242 

CCRMICETTD abc) | COPPTTEI Gy O M0 WS Na Sa ik ec 48. 42 

COCHIN LOT: Cus ea OE ea eT SA A el ag Ree Seley 

The slightly sintered product of this mixture was finely ground and 
analyzed both for potash and phosphoric acid. If carbon dioxide 
were the only volatile substance formed by heating the above mixture 
the final product should have contained 4 per cent of K,O and 10.09 
per cent of P,O,. Actual analysis of the material, however, gave the 
following results: 

K.0: d Per cent. 

PAGER US ee Sah Se US ara eer a Cea Gere aR 0. 60 

P20; 5 

BG) Creat een ety kh oR EE UE «IARI ASR UN ER Le RRA 10. 51 

GET Cae SOU lt eee mn ee a RS Se Eee ol es 4,15 

Here again, as in Bickell’s process, the potash nearly all vola- 
tilized, while less than one-half of the phosphoric acid present in the 
residue is citric soluble. 

The third process for rendering the phosphoric acid and potash 

of rocks available for fertilizer purposes is that of Coates, which 
consists in adding to the sterlized rock mixture certain microorgan- 
isms that effect the breaking down of the rock minerals. It is 
understood that the material thus prepared is being tried out ex- 
perimentally by actual field tests, the results not yet having been 
reported. 

In 1912 Haff? devised a process for making potassium phosphate 
from a mixture of feldspar and phosphate rock. The method is based 
on the fact that at high temperatures and in the presence of silica and 
a nonvolatile base, both potash and phosphoric acid are volatilized. 
Haff claims that 95 per cent of the potash and phosphoric acid of 

natural rocks can be driven off at a temperature of 2,000° C. and 

collected by passing the fumes through scrubbing towers. While 
this method has not been tried out in this laboratory, the cost of 
maintaining the high temperature necessary for the decomposition 

1U. S. Patent No. 947795 (1910). 2U. 8. Patent No. 1018186 (1912). 
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of the minerals and the expense of collecting and recovering the 
potash and phosphoric acid thus violatilized make it very doubtful 
if this process is commercially practicable. 

THE FUSION OF FELDSPAR AND PHOSPHATE ROCK. 

The solubility of phosphates in certain organic solutions has for a 
long time been regarded as a test of their agricultural availability. 
The nature and strength of the organic solvent used differs in various 
countries, and since each process is based on an arbitrary standard, 
it can only give corresponding results when conditions are the same. 
But in spite of the fact that none of these methods is founded upon 
a strictly scientific basis, it is generally thought that phosphates 
soluble in such solutions are under soil conditions more active than 
those which do not dissolve in the same mediums. 

The beneficial effect of the phosphoric acid in finely ground 

steamed bone is unquestioned, and although little of it 1s water 
soluble, a neutral solution of ammonium citrate will dissolve from 

12 to 31 per cent of the acid, depending on the temperature of the 
solution and the time of contact.t. It is also an indisputable fact 
that excellent results have been obtained by the use of basic slag as 
a fertilizer, and it is claimed that these results are commensurable 

with the amount of citric soluble phosphoric acid present in the 
material. 

It has therefore become customary to regard citrate or citric 
soluble phospheric acid as having a commercial value nearly equal | 
to that of water soluble phosphate.? While this is true of phos- 
phates, the same view is not taken of potash-bearing substances, 
since practically all of the potash carriers used in agriculture are 
water soluble. The potash in the ordinary soil minerals is almost 
entirely insoluble in water, and but slightly soluble in the mineral 
acids, but if the potash present could be converted into a citric 
soluble form there seems to be no reason why it should not be con- 
sidered as available to crops as citric soluble phosphoric acid. 

During some investigations carried on in this laboratory on the 
possibilities of rendering the slags from the iren and steel industries 
available for fertilizer purposes,® attempts were made to fuse to- 

gether mixtures of feldspar and phosphatic limestone with a view to 
obtaining both the potash and phosphoric acid present in an “ avail- 
able” form. Mixtures containing various proportions of these two 

1 Huston, H. A., 32d Annual Report Indiana State Board of Agriculture, p. 230 (1883) ; 

Wiley, H. W., Principles and Practice of Agricultural Analysis, vol. 2, p. 47; Wheeler, 

H. J., Manures and Fertilizers, p. 172 (1913). 

2A report of a conference of the experiment stations of New York, New Jersey, and 

New England, Mar. 1, 1911, indicates that citrate soluble phosphoric acid has about 

nine-tenths of the fertilizer value of water soluble phosphoric acid. 

2 Bul. 95, Bureau of Soils, U. S. Dept. of Agr., 1912. 
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substances were ignited at temperatures ranging from 1,200° to 
1,400° C., but only viscous fusions were obtained and the potash 
and phosphoric acid in none of these were soluble in 2 per cent 
citric acid, the solution conventionally employed to determine the 
availability of phosphoric acid in basic slag. 
The failure to obtain liquid fusions was at the time attributed to 

the absence of iron or manganese, or both, in the mixtures, since it is 
well known that these elements impart fluidity to slags in the manu- 
facture of iron and steel. Subsequent experiments have proved that 
such was the case, for on the addition of small quantities of these 
two elements to certain mixtures of feldspar and phosphatic lime- 
stone liquid fusions were obtained, and these were found to contain 
both phosphoric acid and potash in a citric soluble form. 

In Table I is given the composition of the materials used in the 
experiments. 

TABLE I.—Composition of feldspar and phosphatic limestone used. 

Material. SiOg. Al2Os. CaO. K.20. Na2O. P205. COs. 

The above materials were mixed in various proportions and small 
amounts of hematite and manganese dioxide were added. Each 
mixture was then placed in a graphite crucible and heated in a 
muffle furnace until fusion took place. The melts were then cooled, 
finely ground, and analyzed for phosphoric acid and potash (both 
total and citric soluble). 

It was found that while citric soluble potash can be readily ob- 
tained by heating various mixtures of feldspar and phosphatic lime- 
stone over a wide range of temperatures, the limits within which the 
maximum yields of citric soluble phosphoric acid are obtained are 
quite narrow, both in respect to the proportion of the ingredients in 
the mixture and the length of time of heating. 

The percentages of the ingredients used in the various mixtures 
before ignition and the composition of the melts are given in 
Table IL. 
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TABLE I1.—Proportions in which ingredients were mixed and analyses of melts 
obtained. 

Amount of material used. Analysis of melts. 

Properties of P205 K20 
Sample No. Phos- fusion. solu- solu- 

Feld- | phatic Fe.O:. | MuO ani Total levi Total 
spar. | lime- ease 2: Citric | P8O6-"| vettria «| 80s 

stone. acid. acid. 

Perch Pencts |PEenct= |b ence: Perci..\ Rercta| Per, cts |eb enc 
DOSS janeeesacetes 42.8 42.8 8.6 5.7 | Slightly viscous. . 2:12 9.78 6.56 6.82 
Se aia;chsicio-s sate wiaisie 37.5 50.0 (es SOM nectee (oles peaeee rm Al Yd 1.50 11.40 Spy 5.68 
Bota acon siamese 46.8 37.5 9.4 G53) Liquid 332.2. s22- 7.22 7.21 6.50 6.48 
BAS Feces seine 37.5 42.5 12.5) ((eova meee dGSe22 cscs: 5.80 | 19.13 4.50 5.26 

1 Not determined by analysis, but calculated from the quantity of feldspar added. 

Table IIT shows that nearly all of the potash present after fusing 
the various mixtures was soluble in 2 per cent citric acid, but in only 
one case (33S) was the total phosphoric acid present after ignition 
soluble in this same medium. 

Further investigation showed that both the quantity and solu- 
kility of the phosphoric acid remaining in this melt was greatly 
influenced by the temperature and length of time of heating. In 
order to test the effect of these two factors on the composition and 
nature of the melt, this mixture (83S) was heated for various 
periods of time and at several different temperatures. The melts 
thus obtained were cooled, ground, and analyzed. The results of 
these analyses are given in Table ITT. 

TABLE I[I.—Properties and analyses of melts obtained by heating together phos- 
phatic limestone and feldspar with small amounts of hematite and manganese 
dioxide. 

P20. K.20. 

Tempera- A 
Sample ture of Time of Properties of fusion. No. heating. Per Pate 

melt, Citric Tetal Citric Total 
soluble. : soluble. ‘ 

oC: HT. 1, eT CONE amt ee iChe Per cent. Per cent. 
83:SA... =. 1, 200 02205 RVASCOUS# aoe e eee ae 1.82 8.50 5.98 6.76 
33 SB. 1,400 O 407) aqnide aso. see 7.22 7.21 6.50 6.48 
Bo SC.22 2. 1,400 1 40 | Less liquid........ 2.50 3.76 Lost. 5.48 
83 SD . 1,400 4.40) |) Viscous. ....2..-22. 1.20 2.88 | Not deter- | Not deter- 

mined. mined. 

It is shown in Table IIT that when the mixture was heated to 
1,200° C. for about 20 minutes the fusion was not complete, and only 

a little more than 21 per cent of the total phosphoric acid present was 
citric soluble; over 88 per cent of the potash, however, was soluble 
in the same medium. Upon raising the temperature to 1,400° C. and 
maintaining it there for 20 minutes the fusion became quite fluid, 
and, although small amounts of potash and phosphoric acid were 
lost through volatilization, the remainder of these ingredients was 
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entirely soluble in 2 per cent citric acid. After heating the mixture 
for. one hour longer at the same temperature almost 50 per cent of 

the phosphoric acid and more than 15 per cent of the potash were 
volatilized, and upon heating for three hours more the phosphoric 
acid was still further reduced. 

The sample richest in citric soluble phosphoric acid and potash 
(33S B) was submitted to a microscopic examination by Mr. W. H. 
Fry of this bureau. It was found to be isotropic and possessed all 
the external characteristics of a glass. 

This was to be expected, however, since the melt was cooled too 

rapidly to allow of its crystallization. 

SOLUBILITY OF THE POTASH OF THE SLAG IN WATER SATURATED 
WITH CARBON DIOXIDE. 

The fact that the phosphoric acid of basic slag is fairly soluble in 
water saturated with carbon dtoxide is taken as an added proof of 

its availability under soil conditions. It was thought advisable, 
therefore, to test the solubility of the potash in the slag product 
(33SB) in this same medium, comparing this sclubility with that of 
the potash in feldspar. 

Considerable work has been done on the so-called solubility of 
orthoclase in water and in various other solvents.’ It is recognized, 
however, that this mineral has no definite solubility in water, but the 
dissolved material undergoes practically complete hydrolysis or de- 
composition, the amount of this decomposition being considerably 

affected by the fineness of the mineral, the method of grinding it 
(whether wet or dry), the quantity and temperature of the water 
used, and the length of time the water is allowed to act. 

In Table IV the apparent solubility of feldspar in pure water and 
in water saturated with carbon dioxide as determined by several in- 
vestigators is given. Few of these results are comparable, owing to 
the different conditions under which the experiments were conducted, 
but they are of interest in showing what widely divergent results 
are obtained by varying these conditions. 

1 Roger Brothers, Am. Jour. Sci. and Arts. 2, 401 (1848) ; Daubrer, A., Etudes Synthé- 

tiques de Géologie Expérimentales, pp. 268-275 (1879); Clarke, fF. W., Jour. Am. Chem. 

Soc., 20, 739 (1898) ; Lemberg Inaugural Dissertation Dorkat (1877) ; Cameron and Bell, 

Bul. 30, Bureau of Soils, U. S. Dept. of Agriculture (1905) ; Cushman and Hubbard, Bul. 

28, Office of Public Roads, U. S. Dept. of Agriculture (1907). See also Cameron, Pro- 

ceedings Eighth International Congress of Applied Chemistry, New York, 1912, Vol. XV, 

‘p. 43 et seq. 

| 
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TABLE LV.—Solubility of feldspar in water and in water saturated with. CO2, as 
determined by various investigators. 

Amount 
Amount Amount : < Amount 

Investigator. offeld- | of water anes Method of treatment. or ae of KO in 
spar used. used. j i. feldspar solutions, 

Grams Grams. Per cent. Y eM OPEUILE 
DAawbrere eee eee 3,000 5,000 | 192 hours..| Triturated in re- 0.420 2,520.0 

volving cylinder. 
Ose ea reer ac 2,000 |(COz)3,000 | 240 hours..|...-. Otro .013 90.0 

Cameron and Bell... 2 1,000 | 14 months.| Allowed to stand in - 085 1.7 
contact with water. 

MO sevougesdaasne 2 1(C Os) E0008 be2dOtnssees|ee-=5 UO5.weomee sees alps 2.5 
Pus hinen and Hub- 25 100 | Not given. Mineral ground while 1.100 1 250.0 

ard, dry. : 
DO ewes cence 22 25 100 |...do .| Mineral ground wet. 11.280 1 3,200.0 

1 Total residue. 

In the experiments for comparing the solubility of the potash in 
33SB with that of feldspar, a large quantity of the slag product was 
first prepared and ground to pass a 200-mesh screen. On analysis 
this material showed the following composition: 

Per cent. 

K3O= ClUriG SO lap ets = tas ee ee ee ee ee 5. 14 

TGS NSU O Celis ae me se ip ree 5. 48 

POs Cl thicrSOluDI Gs 23 2-28 ee ae ee 6. 32 

P.O; COLA eS A ee PA se he a Se 6. 81 

~ 

Two samples of this slag of 25 grams and 0.25 gram, respectively, 
and the same quantities in weight of feldspar (ground equally fine) 
were placed in platinum-lined brass cylinders, 100 cubic centimeters 

of water were added to each and carbon dioxide under an average 
pressure of 14 atmospheres was passed through the solutions for one 
week. At the end of that time the amount of potash dissolved from 
each sample was determined by analysis of the’ solutions. The re- 
sults of these analyses are given in Table V. 

TaBLE V.—NSolubility of the potash in the slag product (83SB) in water 
saturated with carbon dioxide, compared acith that of the potash in 
feldspar, 

Potash dissolved. 

Amount of ; Amount of : ape 
Material used. material water Percentage 

used. employed. | Potash in of total 
solution. | potash in 

sample, 

Grams. (OF P.Dp.m. 
Beldspare 26 2h ecccet sabe te aare ater nerinai scine aetaeiele 25.00 100 127.5 0.36 

DOS ec hoc s SSeS eee anise we See ee nities neaise 25 100 4.7 1.37 
Slag (S30 B.S sen see nte see eee oan eeae 25.00 100 150.0 1.11 

DD O55 So nstrtcord dlaraiec os siseisie 28 ee aise ee ne masae eee eases 25 100 11.9 8.76 
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In the case where large samples (25 grams) of slag and feldspar 
were used the resulting solutions differed but little in respect to their 
potash content, but considering the fact that the sample of slag con- 
tained less than one-half as much potash as the feldspar, the per- 
centage of potash dissolved from the former was nearly four times 
as great. Moreover, while no quantitative determinations were made 
of the total solids in solution, the amount dissolved from the slag 
was apparently many times greater than that dissolved from the 
feldspar. 

In the case where only 0.25 gram samples of the two substances 
were used the slag yielded a solution nearly three times as strong 
(in respect to potash) as the feldspar, and when the quantity of 
potash in the two substances is considered the percentage dissolved 
from the slag was nearly seven times greater. 

RESULTS OF POT TESTS WITH SLAG FERTILIZER. 

Although the solubility of the potash and phosphoric acid in the 
slag product was indicative of its agricultural value it was thought 
advisable to test its merits by actually growing plants in soils treated 
with this material, and comparing their growth with that of plants 
grown under similar conditions in the same soils untreated and 
treated with well-known potassic and phosphatic fertilizers. 

The experiments were conducted by Mr. J. J. Skinner of this 
bureau. The wire-basket method described in Circular 18, Bureau 
of Soils, was employed, using wheat seedlings. 

Three types of soil were used, namely, the Carrington silt loam 
from Wisconsin, the Hagerstown loam from Pennsylvania, and the 
Volusia silt loam from New York. These soils are described in 
Bulletin 96 of this bureau as follows: 

The Carrington silt loam consists of a dark-brown to black silt loam, having 

an average depth of about 12 inches. The subsoil is a yellowish-brown to pale- 

yellow silty clay loam or Silty clay. The topography is mainly level to undu- 

lating. The soil represents a residual stratum derived from glacial till. The 

type is admirably adapted to the general farm crops, including wheat, corn, 

oats, barley, rye, flax, and grass. 

The Hagerstown loam is a brown or yellow loam averaging about 12 inches 

in depth. The subsoil is a yellow or reddish clay loam to a depth of 24 inches, 

but frequently grades into a stiff, yellowish-red clay. The type occupies rolling 

valley land, and is derived from the weathering of pure limestone. This is 

typical corn soil. It is one of the best general farming types in the eastern 

States, and is used for corn, tobacco, wheat, grass, and apples. 

The soil of the Volusia silt loam, to an average depth of § inches, is a gray to 

brown silt loam. The subsoil to a depth of 2 feet is a light-yellow silt loam, at 

which point mottlings of gray or drab are encountered. Both soil and subsoil 



10 BULLETIN 143, U. S. DEPARTMENT OF AGRICULTURE. 

contain a high percentage of flat fragments of shale and sandstone, ranging 

from 1 or 2 inches to a foot or more wide. In addition, a considerable quantity 

of finely divided shale fragments is found in both soil and subsoil. The subsoil 

usually rests at varying depths below 18 inches on beds of shale or sandstone 

rock. The type is derived from the weathered products of the shale and sand- 

stone, reworked by glaciation and slightly modified by extraneous glacial ma- 

terial. It occupies rolling and hilly land and is frequently interrupted or 

bordered by steep slopes not suited to agricultural purposes. The Volusia silt 

joam where properly cultivated is a good soil for timothy and small grains. In 

the eastern part of the region where it occurs it lies at too high an elevation to 

be well adapted to corn. In this region buckwheat and potatoes are grown to 

advantage. : 

Each of the above soils was treated with applications of the slag 
fertilizer, and wheat seedlings were planted. The plants were grown 
for a period of three weeks and then weighed and compared with 
those grown under similar conditions in untreated soil and in soil 
treated with other forms of potash and phosphatic fertilizers. Since 
the Volusia silt loam responds readily to treatment with lime, two 
sets of experiments were run with this soil. In the first no lime was 
used except that furnished by this slag fertilizer, but in the second 

set of tests the soil was limed at the rate of 2 tons to the acre. This 
was done in order to make sure that any beneficial effect observed 
trom the slag treatment was not entirely due to the basic character 
of this material. 

In Tables VI, VIL, VITI, and LX the results of these experiments 
are given. The weight of the untreated plants, or checks, is taken 
as 100; and the weights of the plants grown under similar conditions, 
but in soils treated with various potash and phosphatic fertilizers, 
are compared with this figure. 

TaBLe Vi.—Relative green weights of wheat plants grown for a period of three 
weeks in Carrington silt loam untreated and treated with various quantities 
of potassic and phosphatic fertilizers. 

Application per acre. 
Ppiee Pree Relative 
== eee Average. 

Treatment. K.0. POs. weights. 

Pounds. Pounds. 
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TaBLE VII.—Relative green weights of wheat plants grown for a period of three 
— weeks in Hagerstown loam untreated and treated with various quantities 

of potassic and phosphatic fertilizers. 

Treatment. 

Application per acre. 

K20. 

Pounds. 

P20s. 

Pounds. 

Relative 
green 

weights. 

100 
101 
107 
106 
122 
129 
130 
101 
102 
101 
111 
116 
136 

Average, 

100 

105 

127 

101 

121 

SS SS 

TABLE VIII.—Relative green weights of wheat plant grown for a period of three 
weeks in Volusia silt loam, untreated and treated with various quantities of 
potassic and phosphatic fertilizers. 

Treatment. 

Application per acre. 

K20. P2035. 

Relative 
green 

weights. 
Average. 

NERS oh Sie ay UG Se ye ea pe np 

Blas ash) See : 

Pounds. Pounds. 
100 
113 
114 
109 
124 
117 
107 
109 
113 
128 
116 
119 
109 Se et 

100 

112 

116 

117 

115 

TABLE 1X.—Relative green weights of wheat plants grown for a neriod of three 
weeks in limed Volusia silt loam, untreated and treated with various quanti- 
ties of potassic and phosphatic fertilizers. 

Treatment. 

Se] e a lel=lajel elm! alata lalals a\nlw\a/= are elwinln\aiain\oiniciwia wei s\s'wiei=/= 

Application per acre. 

K20. 

Do 
Potassium sulphate and acid phosphate. _. 

One 

Relative 
green Average. 

P20s weights. 

Pounds. 
Beawieee anae 100 100 

60 104 
120 110 116 
240 135 

ss eaten? 99 
aes de ee Ree 142 | 114 
eas ee 100 

60 129 
120 124 123 
240 116 
60 110 

120 118 110 
240 103 
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Tables VI, VII, VIII, and LX show that in every case applications 
of the slag fertilizer to the soils had a stimulating and beneficial 
effect. 

The increase in growth caused by the citric soluble potash and 
phosphoric acid in the slag was, as a rule, less than that caused by 
the application of the equivalent quantities of these tavo fertilizer 
elements in a water-soluble form, but this is to be expected in the case 
of experiments carried on fer such a short period of time. The tests, 
of course, are not conclusive, but they indicate that good results may 
be expected from the use of such a fertilizer. 

SUMMARY. 

A methed of obtaining both potash and phosphoric acid in citric 
soluble form has been devised. It consists of mixing together phos- 
phate rock and feldspar with the addition of small quantities of the 
oxides of iron and manganese to promote fluidity or lower the melt- 
ing point of the slag, the mass being then heated to about 1,400° C. 

for about 20 minutes. The resulting product is not only soluble in 
a 2 per cent citric acid solution, but is also fairly soluble in water 
saturated with carbon dioxide. Pot tests with typical soils showed 
that the mineral increased the growth of wheat plants, but the bene- 
ficial effect derived from such applications was not, on the whole, as 

marked as it was when more soluble forms of phosphate and potash 
were used. The indications are, however, that the slag product has 
a distinct high fertilizer value. 

ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 

THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 

WASHINGTON, D. C. 
AT 

5 CENTS PER COPY 
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THE MANUFACTURE OF ACID PHOSPHATE. 

By Wm. H. Waceaman, Scientist in Fertilizer Investigations. 

INTRODUCTION. 

The acid-phosphate industry in the United States has grown to 
enormous proportions. In spite of the fact that numerous other 
forms of phosphatic fertilizer have been proposed or patented from 
time to time, and the application of raw ground-rock phosphates 
directly to the field has been recommended by some agronomists 
and agricultural chemists, the annual production of superphosphate 
continues to increase ‘There is little doubt, therefore, that this 
material will continue to be the basis of most of our commercial 
fertilizers. 

While the general procedure followed in making acid phosphate 
is a familiar one, many of those engaged in the production of this 
material have but little knowledge of the chemistry involved and are 
unfamiliar with numerous details of its manufacture, which are of 
great economic importance.t Competition has become so keen in 
the fertilizer industry during the last few years that in order to make 
a reasonable profit the manufacturer can no longer afford to carry on 
his business in the loose way formerly so prevalent, but must practice 
the most modern scientific methods and exercise the closest supervi- 
sion over every detail of his factory processes. It is believed that 
the preparation of this bulletin is justified by the information it will 
furnish the fertilizer manufacturers; but it is intended primarily to 
give the progressive farmer a clearer knowledge of that compound 
which is the basis of fertilizers, in order that: he may more intelligently 
buy and handle his fertilizer and determine for himself its true 
value. Such knowledge, it is believed, should tend greatly to clarify 

prevailing ideas concerning the value of factory and of home-mixed 
fertilizers, and to throw light on the attendant question of inordinate 
profits alleged to be made by manufacturers. This paper describes 

1 Brogdon, J. S., Manufacture of Acid Phosphate. Amer. Fertilizer, $9 (5), pp. 25-29 (1913). 

Nore.—Describes the manufacture of acid phosphate from phosphate rock, detailing the chemical and 

mechanical changes involved. Of interest to fertilizer manufacturers generally. 

58869°—14—_1 
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the whole process, including \the preparation of the raw materials 
used, the methods of manufacture with the chemical reactions 
involved, the equipment of the modern factory, the disposal of 
obnoxious gases, the methods of drying, storing, and disintegrating 
the superphosphate, and the cost and disposal of the finished product. 

RAW MATERIALS. 

The raw materials used in the manufacture of acid phosphate are 
bone, guano, apatite, phosphate rock, and sulphuric acid. 

Before the discovery of the vast deposits of phosphorites or natur al 
phosphate rock in this country bone was one of the farmer’s chief 
sources of phosphoric acid. The bones were either steamed, charred, 
or burned and applied directly to the field, or after grinding were 
made into acid phosphate by treating with an approximately equal 
weight of sulphuric acid. 

Ground bone, however, has considerable agricultural value with- 
out being acidulated, and besides, the cost of the phosphoric acid 
contained therein is so much greater than that contained in phosphate 
rock that it is obviously not economical to use the former material 
in the manufacture of acid phosphate. The amount of this substance 
now derived from bone is therefore relatively small. } 

Guano is another substance which has been extensively used in 
the manufacture of acid phosphate. This material consists essen- 
tially of the excrements of birds and sometimes of bats, and at one 
time was found in large quantities. There are two types of guano 
deposits: (1) The unleached deposits which are usually: found in 
caves or other sheltered places where the droppings have been pro- 
tected from the leaching effect of percolating water. Such a deposit 
not only contains phosphoric acid in a readily available form, but 
also carries considerable quantities of nitrogen, the fertilizer constit- 
uent commanding the highest price. (2) That which has been 
leached of its more soluble constituents by exposure to the weather. 
It contains practically no nitrogen and its phosphoric-acid content, 
though usually high, is relatively insoluble. Deposits of guano have 
been eagerly sought, and accessible and valuable ones are now rather 
scarce. Only those containing high percentages of nitrogen, or situ- 
ated in regions having excellent transportation facilities, are able to 
compete with other and cheaper sources of phosphate. 

At one time apatite was largely used in the manufacture of acid 
phosphate. This mineral is very widely distributed, and occurs in 
rocks of various kinds and ages. It is most common, however, in 
rocks of the metamorphic crystalline variety, such as limestone, 
eneiss, mica, schist, beds of iron ore, etc. There are two main vari- 
eties of apatite, namely, chlor-apatite (CaClCa,P,0,,) and fluor- 
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apatite (CaFCa,P,0,,). The latter variety is by far the most com- 
mon, but there are intermediate compounds containing both chlorine 
and fluorine. Pure fluor-apatite contains 42.3 per cent phosphoric 
acid (P,O,), but it is seldom found in a pure condition. The occur- 
rence of apatite associated with magnetite in northern New York * 
has long been known, but attempts to separate the apatite commer- 
cially have proved unsuccessful. 

In Norway and Canada, however, there are large deposits of apa- 
tite which were at one time extensively worked, but the discovery 
of cheaper and more accessible sources of phosphoric acid (particu- 
larly in the United States) has caused a serious curtailment in the 
mining of this mineral. 

The main objections to apatite as a source of phosphoric acid are, 
first, the expense of mining and picking the rock and, second, the 
large percentage of fluorine, which yields obnoxious gases when the 
rock is treated with sulphuric acid. The superphosphate now man- 
ufactured from apatite is but a small percentage of the total material 

- marketed. : ; 
The vast bulk of acid phosphate produced both in this country 

and abroad is made from the amorphous phosphates of lime, of which 
there are enormous deposits in the States of Florida, Tennessee, Utah, 

Idaho, Wyoming, and Montana, and in northern Africa, and smaller 
deposits in the States of South Carolina, Arkansas, and Kentucky in| 
this country, and in France, Germany, England, and Belgium. 

Ocean and Pleasant Islands of the Gilbert group, as well as some 
of the Society Islands in the southern Pacific and Christmas Island 
in the Indian Ocean, contain large quantities of very high grade 
phosphate rock; in fact, these phosphates are as rich as any amor- 
phous phosphates known. It is only in recent years, however, that 
the deposits have been developed to any extent, and owing to the 
lack of harbors the rock must be loaded at sea, which makes their 
exploitation somewhat difficult. 

The character of the American deposits, the methods of mining 
and preparing the rock for the market, the cost of production, annual 
output, and other details of this industry have been described in 
bulletins of this department,’ and so need not be repeated here. 

In Table I is given a list of the more important phosphatic sub- 
stances (with their approximate composition) used in the manu- 
facture of acid phosphate. 

1 Blake, W. P., Trans. Am. Inst. Min. Engrs., 21, pp. 157-160 (1892-93). 

2 Buis. 41, 69, 76, and 81, Bureau of Soils, U. S. Dept. Agr.; Bul. 14, U. S. Dept. Agr. (1913). 

| yi 

1 
Nt 



— ! j 

4 BULLETIN 144, U. S. DEPARTMENT OF AGRICULTURE. 

Tas ie I[.—Composition of phosphatic materials used in the manufacture of acid phosphate. 

AL g-4s é 3 ° 
S HET) me Sage a (2 E2 é 
Seat eee eee eae aio 

Phosphatic F a x» @ | o8hs = a $ 2 
material. poration: %-| SoS | 5 fie caer Bom | oy ales Be 

24 ea~ |Sase] ssc 2 EO Ort ode 
aid ee HEAS | as qo | Ss neo 
a wa eo) 1é) 1S) m4 a 

Pct.) 2 PS ch: Pact Peach: Pach: VERGE, trate 
BOnNGashese ss ssc5 lt Sento ee ee sae 4.06 SQUG|2 oh 2 cece alee ates cies 5. 28 35. 38 76. 65 
Hatzex tha CLerd.| ase cess acnene 4.14 BF Ear pete Pate area ie a 5. 24 21. 68 46.50 
bone. 

Bone Or animal=|: 252-20. sos 22-2 1.12 2.00 0.37 1.00 8.00 31.99 73.10 
charcoal. : 

Apatite: 
High grade.....| Canada........- Beer 3. 67 “10 3.10 4.13 38. 60 | 88. 20 
Lower grade. .-|/..--- dose 2Ssse2 jeeeaee 8.92 1.03 38.04 8.05 34. 42 78. 65 

Apatite (high | Norway--22---:-|:-..-- 3. 62 1.37 2.62 29 39. 44 86. 10 
grade). 

Bat guano...-.... Porto WRIGO. 2.2 8:30) |eeatenease L409) | ccakeue ae | Gsesemenice TOT 16.52 
Guano in crusts..| West Indies -_..) .45 |..-.-.-..: 5:88) |S sthe ce Piskei shes 24.36 53.18 
Phospho-guano..| Mexico........-. foe 40, Wer 28 ce e149 | See eeeet ls waseeeoce 39.70 86. 66 
Phosphorite: 
High grade..... Somme, France.|...... .79 IB G 1 Beene 9.17 35. 59 77.69 
Lower grade. .-|...-- (6 fo erect eee 8.55 a Ola ere cee 6.95 29.10 63. 53 
D Liege, Belgium .|...-.. 16.14 2.39 5.00 TOG 27.20 62. 15 

ergs ek Reese SPOON eines eseailecmomense c 2.30 34. 00 77.70 
ng. 

Diol WNe eases Not det. 9.00 6.00 10.00 23. 63 54.00 
age N1OG=, | @HUSSIasese scene lee nece Not det. 5.00 6. 98 12e28 32. 82 75.00 

es. 
DOr sackee. South Carolina. .|....-. 4to 12 1to 4 2to8| 11t025 | 25t028 57 to 64 

Hard rock phos: | Ploridas.22.222-|2-c.< 4.13 3.00 4. 40 3. 63 36.39 83.14 
phate. 

Land pebblel..... CO se esi ceea| Boece 5 to 10 1to4 0to3 2to5 | 30to34 69 to 78 
phosphate. 
Bow rock phos- | Tennessee.......|...... 2.5 to 10 3to8 O0to5 Otol10 |} 30to38 69 to 87 
phate. 

Bis rock phos- }..--.. (6 a ee ene nee 2.5t070} 2.5to07 0to38 0to2'| 27: t032 62 to 73 
phate. 

Witte rock phos- |..... Ce fu eee ae ers Pee DiUOwno 5 |e bOsseo. | eee )| eres 32 to 38 73 to 87 
phate. 

Biace rock phos-*| | Arkansas_...-22-|2c22+- 15:60 402|225't0 925422 = occea|tee tomate 23 to 28 53 to 64 
phate. 
pew rock phos- | Kentucky......-}.....- 2it0/0))|220:LO oem) |2 yee ee ae 30 to 35 69 to 80 

phate. 5 
Oolitic black | Utah, Idaho, etc.|.....- 1.8to 10 |.07 to1.6 |.8to0 1.35 3.8 to 13.6 |27 to 36.5 62 to 83 
phosphate. 

White phosphate | Ocean Islands...)...... Not det. 42 1.0 4.91 38. 73 84. 65 

1 Known to the trade as bone phosphate of lime, b. p. 1. 

The sulphuric acid used in the manufacture of acid phosphate is 
the ordinary ‘‘chamber acid.” It ranges in specific gravity from 
1.5 to 1.6 at 60° F. and contains from 60 to 70 per cent of sulphuric 
acid. The fertilizer trade, however, is accustomed to expressing 
the strength of “chamber acid”? in Baumé degrees (°B). The 
manufacturer should have conversion tables at hand showing the 
specific gravity and percentage of acid corresponding to each degree 
registered by the Baumé hydrometer. Part of such a table approved 
and adopted by the Manufacturing Chemists Association of the 
United States is given in Table II. 
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TasiE IT.—S peci fic gravities and their equivalents in Baumé degrees of sulphuric acid of 
various strengths. 

> Per cent ° Percent |} o Per cent 
B Sp. gr HoSOu. B. Sp. gr HoS0, 1334 Sp. gr H,SO.. 

0 1.0000 0.00 25 1. 2083 28. 28 49 1.5104 ; 60.75 
1 1.0069 1.02 26 1.2185 29. 53 50 | 1.5263 | 62.18 
2 1.0140 2.08 27 1. 2288 30.79 51 | 1.5426 63. 66 
3 1.0211 3.13 28 1. 2393 32. 05 52 1.5591 65.13 
4 1.0284 4.21 29 UNO). Wy) ABBESB} 53 1.5761 66. 63 
5 1. 0357 5.28 30 1. 2609 34. 63 54 1.5934 68. 13 
6 1.0432 6.37 31 1.2719 35. 93 55 1.6111 69.65 
7 1. 0507 7.45 32 1. 2832 37. 26 56 1.6292 7, 
8 1. 0584 8.55 33 1. 2946 38. 58 57 1.6477 72.75 
9 1. 0662 9. 66 34 1.3063 39. 92 58 1. 6667 7A. 36 

10 1.0741 10.77 | 35 1.3182 41.27 59 1. 6860 75.99 
11 1. 0821 11.89 36 1.3303 42.63 60 1. 7059 77.67 
12 1.0902 13.01 37 1.3426 43.99 61 1.7262 79. 43 
13 1.0985 14.13 38 1.3551 45.35 62 1. 7470 81.30 
14 1.1069 15525 39 1.3679 | 46.72 63 1. 7683 83.34 
15 1.1154 16.38 40 1.3810 48.10 64 1. 7901 85. 66 
16 1.1240 17.53 4l 1.3942 49. 47 64+ 1. 7957 86. 33 
17 1. 1328 18. 71 42 1.4078 50. 87 644 1.8012 87. 04 
18 1.1417 19.89 43 1. 4216 52. 26 64% 1. 8068 87.81 
19 1. 1508 21.07 44 1. 4356 53.66 65 1.8125 88. 65 
20 1.1600 22.25 45 1. 4500 55. 07 654 1. 8182 89. 55 
21 1.1694 23.43 46 1. 4646 56.48 | 654 1. 8239 90. 60 
22 1.1789 24.61 47 1. 4796 57.90 | 65% 1. 8297 91.80 
23 1.1885 25.81 48 1. 4948 D9 a2e4| 66 1. 8354 93.19 
24 1. 1983 27.03 

THEORETICAL BASIS FOR THE MANUFACTURE OF ACID PHOSPHATES. 

The process of making acid phosphate was devised in order to 
change the phosphoric acid contained in the substances just enumer- 
ated into a more soluble or “available” condition. 

The phosphates of lime, as found in nature are highly basic com- 
pounds or solid solutions offering considerable resistance to the sol- 
vent influence of percolating meteoric or soil waters. The less basic 
phosphates (those containing less lime, iron, alumina, or magnesia) 
are more soluble in water. Therefore, in order to bring about the 
desiied change, an acid stronger than phosphoric acid is added in 
sufficient quantity to combine with a portion of the lime, producing 
a phosphate less basic and, consequently, more soluble. The reagent 
which has been found best suited for this purpose is sulphuric acid, 
not only because of its cheapness but because calcium sulphate, one 
of the products of the reaction, takes up the excess of water present 
in the acid phosphate to form gypsum. The final product, there- 
fore, if properly made, is dry and can be readily mixed with other 
ingredients to make a complete fertilizer. 

The main purpose sought to be accomplished in the factory treat- 
ment of phosphate rock is to prepare a product in which the phos- 
phoric acid will be water soluble, so far as this can be accomplished, 

with due regard to the physical properties of the product essential 
to its ready mixing and handling. While it is a matter of no great 
difficulty to determine by a chemical analysis just what constitu- 
ents are in a given phosphate rock and in what proportions, it is not 

1 Bul. 41, Bureau of Soils, U.S Dept. Agr. (1907). 

He 
| 
| 
| 

| 
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known just how these constituents are chemically united. It is gen- 
erally assumed that the phosphoric acid is combined with the lime 
in a hypothetical compound—tricalcium phosphate (known to the 
trade as bone phosphate of lime, b. p. l.), represented by the formula 
Ca,(PO,),, and that this compound, when treated with sulphuric acid 
(H,SO,) and water (H,O) in the right proportions, is converted into 
a mixture of gypsum (CaSO,.2H,0) and monocalcium phosphate 
[Ca(H,PO,),]. Both gypsum and monocalcium phosphate are per- 
fectly definite, well-known compounds. The former is but slightly 
soluble, the latter readily scluble in water. As a matter of fact, in 
the reaction cited above, it is probable that dicalcium phosphate 
[Ca(HPO,).] is formed as well. Both these calcium phosphates are 
decomposed by water, so that a solution of monocalcium phosphate, 
if diluted, will precipitate dicalcium phosphate and if the dilution 
be carried further, a phosphate even more basic than the tricalcium 
phosphate is formed.!. Obviously, the more basic the calcium phos- 
phate, the less soluble it is in water. It is equally obvious that when 
incorporated in the soils, the soil water, while dissolving and dis- 
tributing the phosphate, is at the same time decomposing it into 
less soluble forms. Assuming now, as we may do for convenience, 
that the reaction takes place in the mixing as outlined above, it may 
be represented thus: 

Tricalcium phosphate or pure phosphate rock. Sulphuric acid. Water. 
Ca,(PO,). + 2H.S0, + 4H,0 = 

i molecule, weight 310. 2 molecules, 4 molecules, 
weight 196. weight 72. 

Gypsum. Monocalcium phosphate or superphosphate. 
2(CaSO, 2H,0) + CaH,(PO,)s. 

2 molecules, weight 344. 1 molecule, weight 234. 

The above equation means that in order to change completely 310 
parts of tricalcium phosphate or pure phosphate rock into acid 
phosphate, 196 parts of pure sulphuric acid are required, or 1 ton of 
phosphate rock requires 0.63 ton of sulphuric acid. Factory practice 
and long experience in the manufacture of acid phosphate have 
shown, however, that much better results are obtained by employing 
sulphuric acid containing from 30.35 to 37.82 per cent of water 
(‘chamber acid”). A part of the water contained in this acid is 

evaporated by the heat of the chemical reactions taking place, and a 
part is taken up by the calcium sulphate formed to produce gypsum, 
as shown in the above equation. 

IMPURITIES IN PHOSPHATE ROCK. 

Besides calcium phosphate the phosphates of commerce always 
contain varying quantities of impurities, such as organic matter, 
silica or silicates, calcium fluoride, oxides or phosphates of iron and 

1 Vide, Bul. 41, Bureau of Soils, U. S. Dept. Agr., pp. 22-25 (1907). 
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aluminum, and carbonates of lime or magnesia. All of these impuri- 
ties take up or are acted upon directly or indirectly by sulphuric acid, 
the bases being converted into sulphates and the fluorides, carbonates, 
and organic matter being decomposed with the evolution of gases. 
It is very important that the manufacturer should be acquainted 
with the effect that these impurities and the compounds produced 
therefrom will have upon his acid phosphate, and he should be able to 
calculate from the analysis of his raw material what quantity and 
strength of sulphuric acid is required to satisfy these impurities. 
The action of the sulphuric acid upon the various foreign substances 
found in natural phosphates of lime, and the effect of these impurities 
on the finished product are discussed below in some detail. 

ORGANIC MATTER. 

Practically all phosphates, with the exception of apatite, are of 
animal origin and therefore contain a certain amount of organic 
matter. When present in any quantity organic matter usually 
imparts a dark color to the phosphate. The presence of very small 
quantities can be detected by the putrid odor emitted on crushing or 
grinding the rock. The phosphates of our western States, as well as 
some of the Tennessee rock, contain considerable quantities of organic 
matter, while most of the Florida phosphates are very low in this 
material. 

The methods now employed in drying phosphate, either by calcining 
it on ricks of wood or putting it through a rotary drier, burns out or 
destroys a part of the organic matter; the remainder is carbonized by 
sulphuric acid with the evolution of volatile or gaseous products. 
The sulphuric acid is at the same time reduced to sulphur dioxide 
(SO,), or to hydrogen sulphide (4,8) if the reduction has proceeded 
further. The production of these gases not only entails a loss of sul- 
phuric acid, but they are both disagreeable and deleterious to health. 

In making acid phosphate the organic matter found in the rock is 
not considered, since the amount present is usually small. Owing 
to the various forms in which organic matter may occur, it is almost 
impossible to judge except by actual experiment how much sulphuric 
acid is required for its decomposition. 

SILICA AND SILICATES. 

Sulphuric acid has no direct action upon silica (SiO,), but when 
fluorides are present an indirect action occurs, which is described 
below. Silicates are directly acted upon by sulphuric acid, but so 
slowly that they need hardly be taken into account. The presence of 
silica or silicate minerals in phosphate rock is not considered objec- 
tionable except in so far as they act as diluents. Phosphates con- 
taining high percentages of silica necessarily have a lower percentage 
of phosphoric acid than the less siliceous or purer phosphates. 
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CALCIUM FLUORIDE. 

Fluorides are present in almost all phosphate rock. Some samples 
contain as high as 8 per cent of calcium fluoride (CaF,). The amor- 
phous phosphates as a rule contain smaller quantities of this com- 
pound than apatite. 

Calcium fluoride reacts with sulphuric acid, giving gaseous hydro- 
fluoric acid (HF) and calcium sulphate, thus: 

Calcium fluoride. Sulphuric acid. Hydrofluoric acid. Calcium sulphate. 
CaF, + H,S0O, = 2HF + CaSO, 

But hydrofluoric acid (HF) acts upon the silica or silicates present 

in the mass, producing gaseous silicon, tetrafluoride (SiF,), and water 
or steam, thus: 

Hydrofluoric acid. Silica. Silicon tetrafluoride. Water. 
4HF a Sio, = SiF, =f 2H,0 

Silicon tetrafluoride in turn is decomposed by water with the 
formation of hydrofluosilicic acid (H,SiF,) and precipitation of pure 
silica (SiO,), thus: 

Silicon tetrafluoride. Water or steam. Hydrofluosilicic acid. Silica. 

SSiF, + 2H,0 = OHSiIF,- + SiO, 

Before this last reaction takes place, however, much of the silicon 
tetrafluoride escapes from the mass and can be detected by its pene- 
trating odor and smarting effect on the eyes and nose. 

Very high grade acid phosphate can be made from rock containing 
large amounts of fluorine, because, as pointed out above, many of the 
products formed during the process escape as gases or vapors, leaving 
the mass correspondingly richer in phosphoric acid. These gases 
also, in forcing their way out of the acid phosphate, tend to render it 
porous and more readily dried. The product, therefore, can be easily 
broken up and mixed with other ingredients to make a complete 
fertilizer. 

The main objections to using phosphates high in fluorides are, first, 
the increased quantity of sulphuric acid necessary to decompose these 
compounds, and, second, the noxious and even poisonous nature of 

the gases evolved during their decomposition. 

COMPOUNDS OF IRON AND ALUMINUM. 

Tron and aluminum oxides, either in the free state or combined as 

phosphates, are the most objectionable of the impurities found in 
phosphate rock. These substances even when present in very small 
quantities cause a certain amount of ‘‘reversion”’ in the superphos- 
phate, and when present in large quantities are likely to produce a 
sticky acid phosphate unfit for commercial purposes. 

The phosphate of iron in natural occurrences may conveniently be 
represented by the formula FePO,, although actually it is probably 
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of an indefinite composition. The exact reactions that take place 
when this substance is treated with sulphuric acid are not known. 
Unquestionably, however, the iron is distributed between the two 
acids. A mixture of “sticky,” disagreeable physical properties 
results, the composition of the solid part of the mixture changing 
with the composition of the liquid part which is formed at the same 
time. Both the solid and the liquid contain all three constituents— 
iron, sulphuric acid, and phosphoric acid. Dilution of this liquid 
mass by the addition of water causes a precipitation of-more jellylike 
material containing relatively more iron and phosphoric acid than 
sulphuric acid. The general course of the reactions are sufficiently 
well known to justify the assumption that they go mainly accarding 
to the following equations: 

2FePO, + 3H,S0,5Fe, (SO,),+ 2H.PO, 

But a part of the iron sulphate produced reacts with the phosphoric 
acid or monocalcium phosphate in the mass forming hydrated phos- 
phate of iron, the gelatinous precipitate almost insoiuble in water, 
and when present in any quantity causing the acid phosphate to be 
sticky and difficult to handle. The reactions may be represented 
thus: 

Tron sulphate. Phosphoric acid. Water or steam. Hydrated iron Sulphuric acid. 
phosphate 

Fe(SO),; + 2H,PO, + 40,0 ~@ 2FeP0,2H,0 + 3H,804 

According to Fritsch,! however, two per cent of iron oxide in the 
raw material is not objectionable, because the quantity of iron 
sulphate produced therefrom remains unaltered in the superphos- 
phate. It is true that in properly made acid phosphate nearly all of 
the phosphoric acid is soluble in water even though there is sufficient 
iron present to cause part of it to revert, but Fritsch is probably in 
error in attributing this to the fact that the iron is all in the form of 
sulphate. Schneider? has shown experimentally that solutions of 
sulphate of iron increase the solubility of iron phosphate and Cameron 
and Bell* have demonstrated that gypsum, lime, and phosphoric 
acid also increase the solubility of this substance. 

Hydrated iron phosphate may be converted into the anhydrous 
and less soluble condition by reacting with anhydrous calcium sul- 
phate; the last-named compound being converted into gypsum, thus: 

Hydrated Anhydrous Anhydrous iron 
iron phosphate. calcium sulphate. Gypsum. phosphate. 
FePO, 2H,O + CaSO, <2 =CaSO,.2H,O+  FePO,. 

1 Manufacture of Chemical Manures, pp. 78-79 (1911). 

2Zeit. anorg. Chem., 5, 84; 7, 386 (1894). 

3 Bul. 41, Bureau of Soils, U. S. Dept. Agr. (1907). 

58869°—1 1——_2 



10 BULLETIN 144, U. S. DEPARTMENT OF AGRICULTURE. 

This last reaction partly explains why acid phosphate in exceilent 
mechanical condition, but with a relatively high percentage of phos- 
phoric acid insoluble in water is often made from rock containing 
large quantities of iron and aluminum. 

Compounds of aluminum react in a manner similar to those of iron, 
but to a less marked degree. 

Fertilizer manufacturers and authorities differ widely on the 
question of what constitutes the maximum quantity of iron and 
alumina that a phosphate rock can contain and still be useful in the 
manufacture of acid phosphate. - Wyatt! says that phosphates 
containing from 6 to 8 per cent of iron and alumina may be used, 
proviged there is sufficient carbonate of lime present to produce a 
dry, pulverulent mass. Schucht? and Fritsch ® are inclined to con- 
sider any quantity of iron and alumina in excess of 3 per cent as 
undesirable. Stillwell* states that phosphates containing from 4 
to 6 per cent of these oxides can be handled, but that the presence of 
more than 2 per cent is objectionable. 

Thousands of tons of high-grade acid phosphate, however, are now 
annually made from Tennessee brown rock phosphate containing as 
high as 5 per cent of the combined oxides of iron and aluminum, and 
though the handling of such phosphates necessitates an increased 
consumption of sulphuric acid, there seems little reason why they 
should not be used in making acid phosphate, provided they are so 
manipulated that a dry, readily workable product is obtained. 

CARBONATES OF LIME AND MAGNESIA. 

Carbonates are frequently very desirable impurities in phosphate 
rock, provided they do not occur in quantities so great that the per- 
centage of phosphoric acid present is materially reduced. The 
carbonic acid is usually combined with lime, and it is in this form 
that it is considered here. Sulphuric acid acts upon caletum carbon- 
ate to form calcium sulphate, water or steam, and carbon dioxide, 
which escapes asagas. The reaction may be represented thus. 

Sulphuric Calcium Calcium Wateror Carbon 

acid. carbonate. sulphate. steam. dioxide. 
TSO, 2 CaCO. a80, + 20. a=. CO, 

Tf sufficiently diluted sulphuric acid is used the excess of water 
combines with the calcium sulphate to form gypsum. Modifying 
the above equation therefore, we obtain: 

Sulphuric Calcium Carbon 

Acid. Water. carbonate Gypsum. dioxide. 
H,SO, + H,O + CaCO, = CaSO,.2H,O+ COQ, 

1 Phosphates of America, pp. 111-116 (1891). 

2 Die Fabrikation des Superphosphates, pp. 79-83 (1909). 

3 Manufacture of Chemica! Manures, pp. 78-80 (1911). 

+ Industrial Chemistry, Rogers & Aubert, p. 403 (1912). 



THE MANUFACTURE OF ACID PHOSPHATE, lt 

The advantages of having small quantities (and in some cases 
large quantities) of carbonate of lime present in phosphate rock are 
threefold: First, the heat evolved in the reaction between carbonates 
and sulphuric acid is sufficient to warm the pasty mass of acid and 
phosphate rock and thus promote chemical action between these 
more slowing reacting substances; second, the escape of carbon 
dioxide from the mass renders the acid phosphate porous and more 
readily dried; and third, the gypsum formed prevents the formation 
of the gelatinous iron and aluminum compounds and thus helps 
render the product dry and in good condition for distributing or 
mixing with other fertilizing ingredients. 

REVERSION OF SUPERPHOSPHATE. iy 

The reversion, of superphosphate, as the term implies, originally 
meant the return of the phosphoric acid to a condition, insoluble (or 
nearly so) in water. In reality the expression ‘‘reverted’’ phosphoric 
acid is now wrongly used in a much broader sense and includes all of 
the phosphoric acid of superphosphate which is soluble in certain 
citrate solutions. In this paper, however, reverted phosphoric acid 
is used in the strict sense of the word. 

When, a superphosphate is allowed to stand and take up water 
from moist air, as it sometimes does while in storage; or is diluted by 

the soil water when it is applied to the soil; or is added to an excess 
of water, as is done in the laboratory before commencing analytical 
operations, then, in any one and in all of these cases, less soluble 
compounds of phosphoric acid are formed. If compounds of iron 
and aluminum are present the formation of phosphates insoluble in 
water is much more marked. This general process is known as 
reversion, and the superphosphate is said to have reverted, and the 
product is called reverted phosphate. ‘The theory of this reversion is 
now clearly understood, owing to the investigations in this country 
of Cameron and Bell+ and Seidell,? and of Bassett * in England, who 

have shown, that certain concentrations of phosphoric acid or of other 
acids must exist in the water in contact with a calcium or iron, phos- 
phate for the solid definite ‘‘acid’’ compounds to be stable. Dilution 
of the acid liquor causes the solids to decompose into more basic and 
less soluble compounds. While the theory of these phenomena has 
been, made clear only recently, the main facts have long been known, 
and as is so commonly the case, certain popular misconceptions have 
held sway long enough to become regarded as facts even by many well- 
trained chemists. Thus, it is popularly held that monocalcium phos- 
phate is soluble in water, but dicaleitum phosphate is not; dicalcium 

1 Bul. 41, Bureau of Soils, U. S. Dept. Agr. (1907). 

2 Jour. Am. Chem. Soc., 27, 1503 (1905). 

3 Chem. News, 95, 21 (1907); Zeit. anorg. Chem., 53, 34 (1907). 
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phosphate is in turn soluble in certain citrate solutions, while trical- 
cium phosphate is not; and on these supposed facts methods for 
separating the three compounds have been suggested. Moreover, it 
is held that while the water-soluble monocalcium phosphate and citrate 
soluble dicaletum phosphate are ‘‘available’’ to plants, more basic 
phosphates are not. 

The facts are that the presence of citric acid or ammonium citrate 
in the water does increase the solubility of the phosphates of hme, 
iron, and alumina, and it has been shown, by field tests that phos- 
phates soluble in such solutions are more quickly active under soil 
conditions than those which do not dissolve in the same mediums. 
Hence a convenient control or ‘‘police”’ method of analyzing com- 
mercial fertilizer containing phosphates has been developed. But 
the ‘‘citrate solubility’? gives no definite information about the 
constitution of the phosphate. The actual phenomena involved in 
reversion can, be best followed by the microscope. 

Reversion, is, however, a reality, and one to be carefully avoided. 
The reverted phosphate is frequently difficult to handle, and even if 
its mechanical condition, is good and the phosphoric acid present is 
classed as available according to the official method of analysis, many 
consumers seriously object to its use because the percentage of water 
soluble phosphoric acid present is relatively low. Moreover, reverted 
phosphate is not easily susceptible to retreatment in the factory, and 
usually the manufacturer can, better afford to throw it away than 
attempt to work it over in competition, with untreated raw rock. 

METHOD OF MANUFACTURE. 

GRINDING THE ROCK. 

The phosphate rock is first put through a crusher and broken in 
pieces not larger than a walnut. This crushing is hardly necessary in 
the case of Florida pebble phosphate or the screenings from the hard 
rock phosphate, since the pebbles and fragments are usually small 
enough to be fed directly to the mill. 

The pulverizers for phosphate rock that are probably most widely 
used in this country are those of the roller type, in which the material 
is crushed by steel rollers revolving within a steel rmg. Sometimes 
the ring within which these rollers revolve is rigid and the power is 
transmitted through the rollers. In another form of mill, the ring is 
revolved by a shaft, and the rollers are revolved in turn by the ring. 

There are a number of different makes of these pulverizers, but 
space does not permit a detailed explanation of their construction. 
For convenience they all may be placed in one of two broad classes, 
namely, the type which combines both grinding machinery and 
screens in one, and the type which discharges the partly ground 
material into elevators to be subsequently screened or separated, the 
coarser material being returned to the mill for further grinding. 
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Mills of the first type occupy but little space, do not require auxil- 
iary screens and conveyors, and the grinding is all finished in one 
operation. The fact, however, that the pulverized phosphate is not 
separated from the coarser rock until forced through the screens 
within the mill cuts down somewhat the efficiency of this type of 
machine, since considerable space and power is always taken up by 
material already ground. Another disadvantage of this type of mill 
is that any clogging of the screens or break in the same necessitates 
the shutting down of the entire mill while the damage is repaired. 
The manufacturers of the o her type of mill claim to have overcome 
these disadvantages in their machines; the ground material is con- 
tinually discharged from the mill and separated from the coarser 
rock by passing through revolving, or over vibrating screens. Any 
trouble with a screen can be corrected without stopping the mill by 
simply cutting off the supply of rock to that screen. Since the mate- 
rial flows over the sereens instead of being forced against them as in 
the case of the other type of mill, the repairs necessary on the screens 
are reduced to a mimimum. ‘This type of mill, however, with its 

auxiliary screens and conveyors, takes up considerable space, costs 
more to install, and requires a greater amount of supervision. In 
Plates I and II these two types of roller mills are shown. 

The amount of material which can be pulverized per hour depends 
on the size of the mill, the character of the phosphate rock used, and 
the degree of fineness to which itis ground. A mill of the size usually 
employed in fertilizer factories may grind from 10 to 12 tons per hour 
of Tennessee brown rock phosphate to pass a 60-mesh sieve, but this 
mill will probably not grind more than seven or eight tons of pebble 
phosphate to the same degree of fineness in that period of time. 
A very ingenious ball mill is that of Pfeiffer.1_ The grinding is done 

by means of steel balls or flint pebbles and the separation of the fine 
material from the coarse is effected by means of a current of air. 
All loss of time due to the clogging and repairing of screens is thus 
avoided and a product of any degree of fineness can be obtained by 
simply regulating the strength of the air current. 

The degree of fineness to which phosphate rock is ground often 
has a very important effect on the acid phosphate produced there- 
from. Phosphate rocks low in carbonates and high in iron and 
aluminum are but slowly acted upon by sulphuric acid, and should 
therefore be gound very fine. Phosphates containing large quan- 
tities of carbonate of lime are acted upon quite rapidly, and conse- 
quently do not require extremely fine grinding. In ordinary practice 
the rock is usually ground so that 80 to 90 per cent will pass a 60- 
mesh sieve, but in working with less soluble phosphates it is fre- 
quently desirable to grind them so that 80 to 85 per cent will pass an 
80-mesh sieve. 

1 German patent No. 116,195. 
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QUANTITY, STRENGTH, AND TEMPERATURE OF SULPHURIC ACID. 

The quantity and strength of sulphuric acid which should be used 
in treating phosphate rock is a perplexing problem, yet many manu- 
facturers give it little consideration, proceeding in a “‘rule of thumb”’ 
manner without regard to the composition of the rock. The reason 
why many of these latter obtain such good results may be explained 
by the fact that they have been using one grade of rock for years 
and have thus learned by actual experience the proper proportions 
of acid and rock to use. A sudden change in the composition and 
erade of the phosphates often results in a loss of both acid and rock 
in attempts to find the quantity of acid required for this new mate- 
rial. While actual trial mixings should be made when testing out a 
new grade of phosphate, these tests should be intelligently con- 
ducted with due regard to the composition of this rock. Take, for 
example, a sample of high-grade Florida hard rock phosphate having 
the following composition: 

Per cent. 

MOISIIPG? Shean stg ole Ge tence oe ate ee So eee 0.5 

Calcrunpdliioride (CAE ps2 s8i oe uae. se a eee Stan st Se eee 4.5 

ricalenim: phosphate: (Ca,( FO ))5) =< <- sence or eae ee 80. 0 
Galerum carbonate (Ca0O ee: 2<. lak Severe art cee eee 3.5 
Aluminum phosphate (AIO). ss22224 feces eee cts poe eee 6.0 
Silica BOs aia sacwet? oacee le acise ee eke Pere ee ot eee 5.5 

4 WoW Gee are reer me er ngs SL rerio yee Se ear oa 100. 0 

The problem is to convert the phosphoric acid of this rock into a 
soluble form and yet obtain a dry product which can be uniformly 
spread on the soil or readily mixed with other ingredients to make 
up a complete fertilizer. The reactions which are desired may be 
represented in their simplest form, thus: 

(1) Conversion of tricalcium phosphate to monocalcium phos- 
phate and calcium sulphate: : 

1 molecule 2 molecules 1 molecule 2 molecules 
Ca,(PO,), + 2H,S0, =CaH,(PO,),+ 2CaS0, 
Wt. 310 Wt. 196 Wt. 234 Wt. 272 

(2) Conversion of calcium fluoride to hydrofluoric acid and calcium 

sulphate: 
1 molecule 1 molecule 2 molecules 1 molecule 

Cal) -<SHooOg, = 2HF + CaSO, 

Wt. 78 Wt. 98 Wt. 40 Wt. 136 

(3) Conversion of iron phosphate to iren sulphate and phosphoric 
acid: 

2 molecules 3 molecules 1 molecule 2 molecules 
2FePO, + 3H,S0, = Fe,(SO,); + 2H,(PO,) 
Wt. 302 Wt. 294 Wt. 400 Wt. 196 
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(4) Conversion of aluminum phosphate to aluminum sulphate and 

phosphoric acid: 
2 molecules 3 molecules 1 molecule 2 molecules 

PINIPO) Fe SH.SO, —= AIk(SO)), -) 2H-PO- 
Wt. 245 Wt. 294 Wt. 343 Wt. 196 

(5) Conversion of calcium carbonate to calcium sulphate, carbon 

dioxide, and water: 

1 molecule 1 molecule 1molecule 1 molecule 1 molecule 
Gic0, SO, = (CaSO, 1 CO, - = 0 
Wt. 100 Wt. 98 Wt. 136 Wt. 44 Wt. 18 

If 196 parts by weight of sulphuric acid are required to convert 
310 parts of tricalcium phosphate into monocalcium or soluble phos- 
phate, then 0.632 part of acid will be required for every 1 part of tri- 
calcium phosphate. If we use ordinary ‘chamber acid” of 50° B. 
strength which contains, according to the table on page 5, 62.18 
per cent of sulphuric acid, 1.016 parts will be necessary for every 1 
part of tricalcium phosphate. 

In Table II, modified from one prepared by Wyatt,' is given the 
quantity of sulphuric acid of various strengths necessary to bring 
about the reactions outlined above. 

TasiE III.—Weight of ‘‘chamber acid” of various strengths required to convert one 
pound of each of the ingredients of phosphate rock into soluble compounds. 

Quantity and strength of acid required. 

Material acidulated—Ingredient. SSS SS SS SS ee 

48° B.| 49° B.| 50° B.| 51° B.| 52° B.| 538° B.| 54° B.| 55° B. 

Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs. 
Tricalcium phosphate Cee Spey fates Ne 1.060 | 1.040 | 1.016 | 0.992 | 0.970 | 0.948 | 0.927 | 0.907 
Calcimmyfinoridel(Caks) 2532s Pe 2.117 | 2.067 | 2.019 | 1.972 | 1.928 | 1.885 | 1.843 1. 803 
Tron phosphate (re, BS GSE Ae SSE BEA ee 1.640 |} 1.601 | 1.564 | 1.528 | 1.494 | 1.460 | 1.428 1.397 
Aluminum phosphate (AIPO,4)..............- 2.023 | 1.975 | 1.929 | 1.885 | 1.842 | 1.801 | 1.761 1.723 
Calcium carbonate ((CaCO;).........-.------ 1.652 | 1.613 | 1.576 | 1.539 | 1.504 | 1.471 | 1.488 | 1.407 

Table IV gives the quantities of sulphuric acid of various strengths 
required for every 100 pounds of the phosphate rock. 

TaBLe 1V.—Quantities of ‘‘chamber acid” required (theoretically) to convert 100 pounds 
of Florida hard rock phosphate into acid phosphate. 

Strength and quantities of acid required 
for 100 pounds of rock. 

Components of rock. Per cent. 

48° B. 50° B. pia 8%, 54° B. 

Pounds. | Pounds. | Pounds. | Pounds. 
84.8 81.3 77.6 74.1 

9.1 : : 
Tricaleinm BH osphate | (Can(ROm:) rotten ese eee 80. 
Calcium fluoride, (CaF:).........- 4 
Iron phosphate, (FePO,) da ea 
Aluminum phosphate, AIPO,) 
Calcium carbonate, (Cai Og) Rash a aoe eee 
route 5 (SO oa N ener er a Obi ee 2 Ae at AER En ARAL 
Moisture, (H20) 

1 Phosphates of America. 
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It has been found, however, that the quantity of sulphurie acid 
theoretically required to convert phosphate rock into acid phosphate 
does not always produce the best results. The physical condition of 
the acid phosphate is just as important as its chemical composition, 
and sometimes the proper mechanical condition can not be obtained 
except by sacrificing some of the water-soluble phosphate. In factory 
practice it is often well, therefore, to add a little less sulphuric acid 
than is necessary to satisfy the equations outlined above. 

The strength of sulphuric acid used is another detail of great impor- 
tance in the production of acid phosphate. The quantity of strong 
acid sufficient to bring about the desired chemical reactions is of such 
small bulk and has such a viscosity that it is difficult to obtain an 
intimate mixture with the ground phosphate; moreover, the calcium 
sulphate produced, being much less soluble in strong than in weak 
sulphuric acid,t forms a relatively insoluble coating over the phos- 
phate, preventing further action by the acid. 

On the other hand, if very dilute acid is employed, the amount 
required to bring about the necessary chemical reactions is so great 
and so much water is contained therein that it is almost impossible to 
obtain a product in good mechanical condition. Thestrength of acid 
with which the best results are ordinarily obtained ranges from 50° 
to 55° B., though phosphates very high in iron and aluminum com- 
pounds sometimes yield better to slightly stronger acid. 

There is considerable difference of opinion concerning the tempera- 
ture at which sulphuric acid should be added to phosphate rock. 
Some manufacturers, however, give little heed to this important 
point, mixing their acid and rock in the same proportions winter and 
summer at whatever temperature the air happens to be. Others 
believe in heating the acid to 50° to 55° C. before using, while many 
others claim it is bad practice to use acid at a temperature below 25° 
or above 30° C. 

It is obvious that this matter should not be disregarded entirely, 
for in mixing acid and rock either very low or excessively high tem- 
perature may seriously affect the product. No definite rule, however, 
can be prescribed, for here again the composition of the phosphate 
used is the controlling factor. 

Phosphates containing large quantities of carbonates heat up 
rapidly when mixed with sulphuric acid. If the mixture becomes 
very hot violent frothing occurs and the mass is apt to overflow from 
the pan. Rocks of this type should not be treated with hot acid. 
When dealing with phosphates high in compounds of iron and alumi- 
num, however, it often saves time to use acid heated to a temperature 
of 50° to 55° C. The reactions then begin promptly in the pan and 

1 Bul. 33, Bureau of Soils, U. 8. Dept. of Agr., pp. 41-42 (1906). 
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the mixture can be dumped without fear of its cooling before the final 
chemical changes take place. 

MIXING THE ACID AND ROCK. 

When the manufacture of acid phosphate was first suggested by 
Liebig, and for many years afterwards, the mixing process was all 
done by hand. Certain proportions of acid and rock were dumped 
into shallow, open pits or troughs and worked with hoes in a manner 
similar to that in which mortar is mixed. The material was then 
allowed to stand in the pit until the chemical reactions were complete 

and the superphosphate dry enough to be dug out. The modern 
factory process has almost entirely displaced this pioneer method of 
making acid phosphate. Machines are now employed which are 
capable of mixing efficiently, in two to five minutes, quantities of 
rock and acid weighing from 1 to 2 tons. 

There are several types of mixers or acidulators used in this country, 
and the following general description applies to almost all of those 
ordinarily employed: A cast-iron revolving pan from 4 to 8 feet in 
diameter and from 1 to 2 feet deep is driven by pinions. The pan is 
equipped with either one or two agitators or stirring devices which 
consist of heavy iron spiders having four arms fitted with steel plows. 
These stirrers are driven by bevel gears. In the center of the pan is 
the discharge hole, which is closed by a valve operated by a lever. 
This same lever also controls a scraper which is lowered into the pan 
as the plug is raised. Figures 1 and 2, Plate IV, show the construc- 
tion of an efficient acidulator. 

The weighed charges of acid and rock are run into the revolving 
acidulator at the same time and stirred for at least two minutes or 
until an intimate mixture is obtained. The lever which controls the 
scraper and discharge vaive is then lowered and the material ejected 
into the ‘‘den” directly below or into a car which hauls it to the 
storage shed and dumps it on a pile. 

Both the ‘‘den” and ‘“‘open dump” systems of making acid phos- 
phate are employed in this country. Each has points to recommend 
it and each has certain objectionable features. 

THE DEN SYSTEM. 

This system was devised in order that the reactions between the 
phosphate rock and sulphuric acid might take place rapidly and 
yield a dry, pulverulent product of high availability (so called) in the 
least possible time. 

As fast as the charges of acid and rock are mixed they are dropped 
into a closed, brick-lined chamber (den), which is filled to within a 

short distance of its top. Here the chemical reactions taking place 
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raise the temperature to 120° to 250°C. Carbon dioxide, steam, and 
gaseous compounds of fluorine work their way out of the mass and 
escape through the flue at the top of the chamber, leaving the acid 
phosphate in a dry, porous condition. 

After standing in the den for about 24 hours the reactions are 
practically complete and the material is ready to be removed. The 
heavy wooden doors at opposite sides of the den are then opened and 
the acid phosphate is removed. Frequently the floors of the den 
are so constructed that they can be opened and the acid phos- 
phate discharged into a hopper or-upon an acid-proof belt-beneath, 
whence it is taken up by elevators and dumped on the storage pile. 
The emptying of the den is not only a disagreeable operation, but is 
attended with considerable danger. The temperature of the acid 
phosphate contained therein, even after standing from 24 to 36 
hours, is still very high (from 130° to 150° C.), and the fumes given 
off by this hot material are quite poisonous. Great care must be 
exercised in digging out the phosphate to prevent large masses of the 
loose material from falling upon the laborers. 

In order to do away with these dangers efforts have been made to 
empty the dens mechanically. A number of processes have been 
devised * in most of which the excavator or cutter is introduced into 
the chamber after the acid phosphate is cured. Special forms of 
chambers are required in some of the processes, while in others the 
excavating device is adaptable to almost any form of den after the 
latter has undergone some slight alterations. The more general 
scheme of emptying the dens mechanically is as follows: 
A device consisting of an endless chain, which either rotates on a 

shaft or can be moved laterally in the den, is fitted with knives or 
teeth which cut or break up the acid phosphate and at the same time 
convey it to a chute. This device is either introduced horizontally 
at the top of the den or vertically at the side. In the former case 
the cutter is so arranged that 1t 1s mechanically lowered or sinks 
automatically after completing the circuit of the chamber. If the 
cutter is introduced vertically at one end of the chamber it cuts 
away the pile of acid phosphate from the side. It is claimed that the 
latter method is less likely to cause the material to pack. The 
removal of acid phosphate mechanically seems to be ordinarily a 
rather slow process, since the cutters or scrapers, if run at any 
great speed, cause the material to become heated and gummy. 
One process of emptying the dens more rapidly consists of a combined 
cutter and fan. The latter helps keep the material cool while exca- 
vation is going on. Another method of emptying the den consists 
of having the floors mounted on rollers so that one side of the chamber 
may be swung open and the whole mass of acid phosphate wheeled 

1U. S. Patents 892,593, 899,042, 940,583, 949,055, 956,792, 1,013,334, 1,037,464, 1,033,854, 1,070,296. 
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out and broken up where there is a good circulation of air. Me- 
chanical excavators have not been successfully worked in the factories 
of this country, however, and the old-style chamber or den is employed 
almost entirely. 

The den system is the only one which can be successfully employed 
where it is necessary to absorb the fumes given off in the manufacture 
of acid phosphate. Each den is equipped with a flue near the top, 
which allows the gases and vapors from the freshly made acid phos- 
phate to escape or be drawn off by means of a fan. The flue leads 
into a washer or scrubber, which consists either of a wooden tower in 
which jets of water are constantly spraying or of a number of com- 
partments through which the gases are made to circulate while they 
are continually sprayed with water. Under such conditions the 
gaseous compound silicon tetrafluoride is decomposed with precipita- 
tion of silica and formation of hydrofluosilicic acid, as shown in the 
equation on page 8. The hydrofluosilicic acid, together with any 
hydrofluoric acid which may have escaped from the mass of acid 
phosphate, is absorbed by the water. The acid solution thus pro- 
duced is used to some extent in the manufacture of fluosilicates of 
the alkalies which are used in the production of enamel. 

Both the initial cost and running expenses of the ‘‘den’”’ system are 
greater than those of the ‘‘open-dump”’ method, but a high-grade 
product in excellent mechanical condition can be obtained in a 
short time by the former method without allowing the objectionable 
fumes to escape into the atmosphere. Most factories are equipped 
with at least two dens (sometimes four) built close together, with 
the acidulator or mixer placed on the dividing wall above them. In 
this way work can be carried on with little interruption, for while 
one den is being emptied the other may be filled. The capacity of 
the dens varies from 50 to 300 tons, depending on the size of the 
mixing plant. 

THE OPEN-DUMP SYSTEM. 

The ‘‘open-dump’’ method is largely used in the South Atlantic 
States. The mixture of acid and rock is discharged into an auto- 
matic dump car and carried to the storage shed, where it is dumped 
on an open pile. In order that the chemical reactions may get a fair 
start before the mixture spreads out in thin layers, it is allowed to 
heat up and thicken somewhat in the mixing pan; frequently it is 
permitted to remain in the dump car until it has nearly set. Many 
operators, however, claim to obtain good results by dumping the 
material almost immediately. Sometimes, in order to prevent the 
acid phosphate from spreading, a partly open bin is employed. The 
material after standing in this bin for 8 or 10 days is taken up by 
elevators and dumped on a storage pile. 

The acid phosphate made by the ‘‘open-dump”’ method naturally 
takes much longer to arrive at its maximum availability and optimum 
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mechanical condition. It is usually kept for at least one month be- 
fore shipping, but adverse weather conditions may delay shipment 
considerably longer and even seriously affect the quality of the final 
product. The production of acid phosphate by the ‘‘open-dump”’ 
method is impracticable in the vicinity of towns or in a rich farming 
country unless phosphate rock very low in fluorine compounds is used, 
for the fumes given off during the process are not only so obnoxious 
as to constitute a nuisance, but are quite injurious to both animal 
and vegetable life. At points where these fumes do no harm, how- 
ever, and where the climate is not too cold, an excellent product is 
obtained by this method at less cost and with less danger than by 
the ‘‘den’’ system. 

THE DRYING OF ACID PHOSPHATE. 

Acid phosphate which is carefully made, especially that produced 
by the ‘‘den”’ system, seldom requires any subsequent drying. It is 
customary abroad, however, to dry superphosphates artificially, par- 
ticularly when they contain an excess of phosphoric acid or are in a 
poor mechanical condition due to improper mixing. There are two 
general methods employed in drying acid phosphate. The first con- 
sists of the application of artificial heat and the second of adding 
some material to take up or combine with the water or free phos- 
phoric acid present. 

In Europe a number of machines for artificially drying acid phos- 
phate have been patented. Among the most efficient of these are 
the dryers of Lutjens and of Moller and Pfeiffer.t. In both-of these 
machines the disintegrated acid phosphate is submitted to the action 
of a current of hot air under pressure. No direct heat can be used 
in drying acid phosphate because of the tendency of the material to 
revert at high temperatures. 

The second method of drying acid phosphate is often practiced in 
this country when the material is too sticky or wet (due to faulty 
manipulation) to be uniformly spread on the field or mixed with 
other fertilizer ingredients. Such a condition when due to an excess 
of phosphoric acid can be frequently remedied by mixing the sticky 
mass with small percentages of phosphate rock or limestone. If the 
condition is due to the presence of a large proportion of iron and 
aluminum, the addition of finely ground peat or calcined gypsum 
will dry the material. In expelling the water from acid phosphate 
by artificial heating the value of the fuel consumed must be added 
to the cost of production, but no matter how the drying is done it 
entaus additional handling, which is always expensive and should be 
avoided. 

1 Fritsch, Manufacture of Chemical Manures, pp. 123-129 (1911). 
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STORING THE ACID PHOSPHATE. 

-In order that the acid phosphate produced may contain a maximum 
quantity of soluble phosphoric acid when ready for shipment, it is 
usually stored in well-ventilated buildings for at least two weeks. 
During this time the quantity of the so-called available phos- 
phoric acid should steadily increase. This is especially true of prop- 
erly mixed acid phosphate made by the ‘‘open dump” method where 
the heat is not sufficiently great to bring about rapid chemical 
reactions. 

On the other hand, the storing of acid phosphate for protracted 
periods in large piles often seriously impairs its mechanical condition 
and sometimes its chemical composition. The pressure exerted on 
the material in the lower part of the heap, coupled with its con- 
traction as the mass cools, tends to pack it. When the formation of 
gypsum is still in progress the superphosphate often becomes so 
closely cemented that it is difficult to break up. Again, improperly 
mixed acid phosphate or that high in compounds of iron and alumi- 
num when closely packed is very apt to become gummy or to revert. 
Porter + states that in making acid phosphate by the “open dump” 
method the material should not be discharged on the pile until it is 
stiff enough to ‘‘set up.” 

The storing of acid phosphate in medium-sized piles, however, 
should cause no trouble, provided it is not allowed to stand too long 
and the climatic conditions are not unfavorable. Even when the 

material improves by storing it is hardly economical to keep it over 
a few months, as the interest on the money invested more than 
canara the added value of the product due to the increase 
in available phosphoric acid. 

In Table V, the figures of which are taken from Fritsch,? the 
changes taking place in stored acid phosphate made from three 
different samples of Tennessee phosphate (A, B, and C) are shown. 

TasLe V.—Changes taking place in acid phosphate made from Tennessee rock on storing 
from 23 to 44 months. 

Composition. 

Directly after mixing. After storing for 24 months. | After storing for 44 months. 

Sample. | 

P2035. Fe.03+ AlsOz. | P2035. Al203+ e203. P205. | AleO3+ Fe203. 

Insol. | Insol. | Sol. | Insol. | Insol. | Sol. | Insol. | Insol. | Sol. 

Per cent., Per cent. | Per cent.| aa cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
AN spars eR eerie PA IH [|| apap eS oa 16 2.35 PAL 0. 82 2.30 | 1.00 1.31 
13 cbs SECC EEE Eee 2.20 1.05 1.34 2238 1.20 1.05 | 2523 1.12 1.30 
O45 eee is cee ea lia 1.98 1.01 | Leia 2.32 ia 1.31 | 2.48 1.12 1.38 

t | } 

+Jour. Ind. Eng. Chem., 3, 108 (1911). 2 Manufacture of Chemical Manures, p. 137 (1911). 

inaet” 
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It is not stated whether the acid phosphate was made by the ‘‘open- 
dump” or ‘‘den”’ method, but an inspection of the table will show 
that little change has taken place in the material after keeping several 
months. In Table VI are given the analyses of two piles of acid 
phosphate sampled after standing certain definite periods of time. 
The acid phosphate in both cases was made by the ‘‘open-dump”’ 
system. 

TasLE VI.—Analyses of acid phosphate from two piles after standing for certain periods. 

| 

| Available Insoluble 

i co phos- | phos- F 
Time of storage. phoric phoric | Moisture. 

acid. | acid, 

| 
| | 

No. 1 | Per cent. | Per cent. Per cent. 
15.70 2.05 12. 80 

| 16. 63 1.02 12.70 
| 16.93 At 13.80 

15. 55 VSO p eceesereteas 
7 15.70 1.80 12.60 

OG MONTHS 52220 F eases tee soe. e Se Seo tenes scidee ore e ee eeace sheeseetines 17.19 18 13.94 

Although the percentage of available phosphoric acid continued to 
increase after storing the material for several months, this increased 
availability was largely offset by a corresponding rise in the moisture 
content of the product. 

DISINTEGRATING THE ACID PHOSPHATE. 

Before acid phosphate can be bagged and shipped it must be broken 
up and put through coarse sieves. In the case of superphosphate 
which has been carefully made it often suffices to throw the material 
by means of shovels upon inclined screens, the force of the impact 
being great enough to disintegrate the lumps. When dealing with 
acid phosphate, however, which has been improperly made or stored 
for a long time, it is often necessary to use a machine for breaking up 
the material. The ordinary crushing devices do not answer for this 
purpose, owing to the tendency of the acid phosphate to pack or be- 
come sticky when pressure is applied, so disintegrators of a special 
type must be employed. 

In a machine lke that shown in Plate V, figures 1 and 2, complete 
pulverization is brought about by submitting the material to innu- 
merable shocks, but in such manner that no opportunity is given the 
acid phosphate to pack or gum together. 

The disintegrator consists of a number of concentric cages made up 
of steel bars, all of which are inclosed in a casing. The cages are 
usually four in number, the first and third attached to a shaft which 
revolves in one direction and the second and fourth attached to 
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another shaft having the same axis but revolving in the opposite 
direction. The casing can be readily opened and the cages slid apart 
and cleaned, as shown in Plate V, figure 2. 

The acid phosphate is fed through a hopper into the inner or smallest 
revolving cage and is thrown by centrifugal force against the bars and 
into the second cage, which is revolving in the opposite direction, 
From the second it is thrown into the third and then into the fourth, 

finally being discharged from the machine thoroughly disintegrated 
by the numerous impacts it has received. Two scrapers fitted to the 
outside cage prevent the material from adhering to the casing and 
clogging the machine. 

After disintegration the acid phosphate is ready to be bagged or 
mixed with other ingredients to make a complete fertilizer. 

COST OF PRODUCTION. 

The cost of producing acid phosphate depends on a number of 
factors, which vary widely. These are the size, location, and equip- 
ment of the plant and the cost of the sulphuric acid employed in the 
process. 

The use of rock mills which grind the largest quantity of rock with 
the least expenditure of time and power and the employment of 
mixers having a capacity of 2 tons instead of 1 ton tend to reduce 
the cost of acid phosphate per ton. Plants located at seaports, 
where the cost of manufacturing sulphuric acid is less and the price 
of Florida rock usually lower, can often produce acid phosphate 
cheaper than those located at inland points. On the other hand, 
factories located at inland points which are within easy access of 
‘the phosphate fields can obtain their phosphate rock cheaper than 
those more distant from the source of supply. Again, those plants — 
which have their own acid factories can manufacture sulphuric acid 
cheaper than it can be bought by companies which do not make 

_ their own acid. 
The initial cost of producing acid phosphate by the den system is 

greater than by the open-dump method, but since the material can 
be shipped much sooner when made by the former method, the 
greater cost is compensated somewhat by the more active capital. 

At inland points, such as Atlanta, Augusta, and Birmingham, the 
cost of producing acid phosphate (16 per cent citrate soluble), exclu- 
sive of office expenses, varies from $6.75 to $8 per ton. At seaports, 
such as Charleston, Savannah, Baltimore, and Norfolk, the cost 
ranges from $6.20 to $7.50 per ton. In Table VII is given the cost 
of producing acid phosphate at a plant running under good condi- 
tions located at a seaport and using Florida phosphates. 
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TaBLe VII.—Average cost per ton (2,000 pounds) of acid phosphate manufactured in a 

den-system plant located at seaport and running at full capacity of 500 tons per week. 

Phosphate rock (1,133 pounds), a6.$5:09: per ton ..2.//.052 02 sl) 22204 a ee $2. 576 

Sulphuric acid’ C5080! pounds). at $4.75. per ton. ..2-5-5-2225 2 ese eee 2. 565 

Directua hors -v5.2. Cases cea ates aac acest emi See eee . 264 

Five-eishths superintendent's salary: 2....2..6-.1 s2tee e521 ie ee ee . 091 

Power, 0tl and Wase.c.ccss. 62 dora cero ate pate eese lee see ee IBY 

Insurances $60,000; at l-55: percent.) 220... oes ees ee eee . 035 

Taxes.on- $75,000; at 1,25 per cent. eocsc: uckn veset one hl sees. Loree . 036 

Depreciation on $60:000) at 10 percents 22422522 2245.)12.. ke ee ea wal 

interest,on-$75;000, ait'6 percent... 222 ye es oe or ee ales 

Potal cost: Per GON. 3.< nsaoeuakeeboeawece sede cea cuetecko nese eeeee eae 6. 203 

The figures given in Table VII were compiled from data obtained 
through personal inspection of the principal fertilizer factories of 
the South and East. The costs do not include overhead charges, 
which vary greatly according to the size and number of the plants 
run by a company. 

DISPOSAL OF PRODUCT. 

Acid phosphate is sold on the basis of its so-called available phos- 
phoric-acid content, and is worth f. 0. b. the factory from 40 to 56 
cents per unit,’ depending on the location of the plant and grade of 
the product. 

The availability of phosphoric acid is determined by its solubility 
in a solution of ammonium citrate. There seems to be no scientific 
basis for the assumption that the amount of phosphoric acid thus 
dissolved is equivalent to the quantity which is readily available to 
crops. It is, however, a convention accepted by the fertilizer trade 
as well as by many agronomists and agricultural chemists. 

The phosphates of South Carolina (27 per cent P,O,;) and those of 
northern Africa (26 to 30 per cent P,O;) yield as a rule acid phosphate 
containing 14 per cent available phosphorie acid. 

Florida land-pebble phosphate gives an acid phosphate containing 
16 per cent of available phosphoric acid, and the highest grade rock 
from Florida, Tennessee, and certain, islands in the Pacific Ocean, 
(containing from 35 to 38 per cent P,O,) yield a product containing 
from 18 to 21 per cent of available phosphoric acid. 

Acid phosphate is usually put up in 200-pound sacks and shipped 
in closed box cars. The sacks are treated with a solution of silicate 
of soda, paraflin, or some other substance to prevent the acid phos- 
phate from acting upon them. 

The latest official figures on the output of acid phosphate are those 
for 1909, which show a total production of 3,062,834 tons. It is 
needless to say that the production has increased enormously since 
these figures were compiled. 

1The unit is 1 per cent of a ton, or 20 pounds. One ton of 16 per cent acid phosphate contains 320 

pounds P20s. 
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CRUSHING, GRINDING, AND SCREENING PLANT. 
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Fic. 1.—FAN FOR MIXING ACID PHOSPHATE. 

Fia. 2,—FRONT OF PAN BROKEN AWAY TO SHOW INTERNAL CONSTRUCTION. 
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Fic. 2.—ACID PHOSPHATE DISINTEGRATOR OPEN TO SHOW CONSTRUCTION AND 

ACCESSIBILITY 
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DOUBLE ACID PHOSPHATE. 

The double acid phosphate now marketed contains from two to 
three times as much soluble phosphoric acid as ordinary superphos- 
phate, and is therefore very valuable in the manufacture of concen- 

_ trated fertilizers. Before the discovery of extensive deposits of 
high-grade phosphate rock, both in this country and abroad, the 
making of double superphosphate was widely practiced, since it 
afforded a ready means of utilizing low-grade phosphates. Now, 
however, most of the commercial rock is so high in phosphoric acid 
that it is unnecessary to resort to schemes for enriching the soluble 
product obtained therefrom, but in Germany, France, and several 
other foreign countries, as well as in the State of South Carolina, 
where a comparatively low grade of phosphate is mined, this process 
is still used with considerable success. 

The two main chemical reactions involved in the manufacture of 
double acid phosphate are: First, sufficient dilute sulphuric acid is 
added to phosphate rock to convert the hypothetical tricalcium 
phosphate into phosphoric acid and gypsum; and second, the phos- 
phoric acid thus obtained is used to convert the tricalcium phosphate 
of a fresh supply of rock into monocalcium phosphate. The reactions 
in their simplest form may be represented thus: 

(1) Ca,(PO,),-+3H,SO, = 2H,PO, + 3Caso, 
(2) 4H,PO,+Ca,(PO,), =3CaH,(PO,), 

The process, however, is by no means as simple as it at first appears, 
for there are several distinct operations which not only require the 
watchfulness of a competent superintendent but the control of a 
skillful chemist. 

The phosphate rock and dilute sulphuric acid (16° B.) are run into a 
vat simultaneously and stirred thoroughly for 15 or 20 minutes. It 
is inadvisable to use warm acid to decompose the rock or to stir for a 
protracted period, since under such conditions the compounds of 
iron, and aluminum are dissolved only to be precipitated again later 
on, causing the reversion of a part of the phosphoric acid. The 
quantity of sulphuric acid required to bring about the desired reac- 
tions should be carefully ascertained from analyses of the raw material, 
since either an excess or an, insufficient quantity will cause trouble 
in, the subsequent operations. 

The muddy solution is run into a tank from which it is pumped to a 
filter press where the sediment and gypsum is separated, the clear 
phosphoric-acid solution being run into evaporating pans. The 
residue in, the filter press is then washed with water till the washings 
have a concentration of 0.25° B. or less. These washings are used to 
dilute the sulphuric acid employed in the process. 
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Before the phosphoric acid produced can be used for making 
double acid phosphate it must be concentrated. This is usually done 
by evaporating in iron pans lined with stone or some acid-resisting 
material. After concentrating to about 56° or 58° B., it is run into 
lead-lined tanks from which it is drawn or pumped as required. 
The mixing of this phosphoric acid with phosphate rock and all sub- 
sequent operations are practically the same as those employed in’ 
making ordinary acid phosphate, but the final product often has to 
be artificially dried since it contains but a small percentage of gypsum. 
Ordinary acid phosphate, as we have seen, is largely a mixture of 
soluble lime phosphate and gypsum, the latter having been formed 
from calcium sulphate by extracting the excess of water from the 
mass. Double acid phosphate, however, consists chiefly of soluble 
lime phosphate with but little calcium sulphate to act as a dehy- 
drating agent, and therefore requires artificial heating to drive off 
the excess of water. 

SUMMARY. 

The general procedure followed in making acid phosphate involves 
numerous details of great economic importance which are not 
thoroughly understood. 

The raw phosphatic materials which have been used in the acid- 
phosphate industry are bone, guano, apatite, and phosphate rock. . 
Of these substances the last named has practically displaced the 
others as a source of phosphoric acid. 

The process of making acid phosphate was devised in order to 
produce phosphoric acid in a soluble, or so-called ‘‘available,” con- 
dition; this done by the action of sulphuric acid on tribasic phos- 
phates whereby less basic and more soluble phosphates are produced. 
A knowledge of the composition of the raw materials is of the 

greatest importance in the manufacture of acid phosphate, since 
not only the phosphate of lime but all the impurities contained in the 
rock are acted upon by sulphuric acid and influence the composition 
and physical condition of the finished product. 
Much phosphate rock contains organic matter which consumes a 

certain amount of sulphuric acid, but owing to the various forms in 
which this material occurs it is almost impossible to determine 
except by actual trial the quantity of acid required to decompose it. 

Silica is acted upon only indirectly by sulphuric acid. 
Calcium fluoride, which is present in nearly all phosphate rock, 

is acted upon by sulphuric acid, resulting in the formation of gaseous 
hydrofluoric acid. This gas in turn acts upon silica and silicates, 
producing silicon tetrafluoride. The silicon tetrafluoride 1s decom- 
posed by water, forming hydrofluosilicic acid and silica. The 
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presence of fluorides is objectionable because of the obnoxious 
fumes evolved in treating with acid; otherwise this impurity is not 
objectionable. 
Compounds of iron and aluminum are the most dreaded of the 

impurities occurring in phosphate rock. These elements when 
present in small quantities are very apt to cause a certain amount of 
reversion to take place, and when present in large quantities may 
render the product sticky and unfit for use. By careful handling, 
however, phosphates high in iron and aluminum compounds may be 
made to produce high-grade acid phosphate. 

Carbonate of lime, which is present in nearly all phosphate rock, is 
a rather desirable impurity when the quantity is not excessive. The 
decomposition of this compound by sulphuric acid is attended with 
considerable heat which promotes chemical reaction between the 
more slowly acting substances in the mass; moreover, the calcium 
sulphate produced therefrom acts as a drier for the acid phosphate. 

In the manufacture of acid phosphate the rock is first ground to 
pass a 60-mesh sieve, and then mixed with an equal weight (approxi- 
mately) of ‘‘chamber acid.’”’” The quantity, strength, and tempera- 
ture of acid used have an important influence on the quality of the 
product. 

After thorough mixing in a cast-iron pan the material is discharged 
into a ‘‘den”’ just below the mixer or into a car which takes it to a 
shed and dumps it on a pile. When the ‘‘den”’ system is used the 
reactions take place rapidly and the product can be dug out in 24 to 
36 hours, practically ready for shipment. The method of emptying 
the ‘‘dens’”’ by hand, however, is attended with some risk owing to 
the poisonous nature of the fumes evolved from the freshly made acid 
phosphate and to the danger of large masses of the material falling on 
the laborers. 

In the ‘‘open dump” system the acid phosphate requires a long 
time to reach its maximum availability, and unless it is properly 
made may never be fit for use. 

The storing of acid phosphate in large piles for protracted periods 
sometimes causes reversion owing to the pressure on the material in 
the lower part of the pile; this pressure also tends to compact the 
material. The storing of well-made acid phosphate in medium-sized 
piles, however, should cause no ill effects. 

Properly made acid phosphate should require no artificial drying, 
since the calcium sulphate formed in the process takes up the water 
to form gypsum. It is nearly always necessary, however, to disin- 
tegrate and screen the material before shipping. This is often done 
by simply throwing the product upon inclined screens, but some- 
times disintegrating machines must be employed. 
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Acid phosphate is sold on the basis of its so-called available phos- 
phorie acid, and has a value of 40 to 56 cents per unit. The marketed 
product contains from 14 to 21 per cent of phosphoric acid, depending 
on the raw material used in its manufacture. 

Double acid phosphate is made by treating phosphate rock with 
sufficient diluted sulphuric acid to produce free phosphoric acid, and 
then using the phosphoric acid thus obtained to decompose a fresh 
batch of rock. The final product contains from two to three times 
as much phosphoric acid as ordinary acid phosphate, and is very 
useful in the making of concentrated fertilizers. 
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TESTS OF WOOD PRESERVATIVES. 

By Howaxp F. Weiss, Director, and C. H. Teespaun, In Charge of Wood Preservation, 

Forest Products Laboratory, Madison, Wis. 

INTRODUCTION. 

A list of the various substances that have been used or suggested 
for preserving timber from decay would include a surprisingly large 
number of those known to industrial chemistry. By-products for 
which no use could be found have often taken their last stand as 
possible preservatives of wood. There have been sent to the Forest 
Products Laboratory for test the condensed fumes of smelters, the % 
waste liquors of pulp plants, the refuse of tanneries, the skimmed 
milk of creameries, and miscellaneous assortments of compounds 
under trade names. Many of these have not been tested, because the 
claims made for them were manifestly impracticable. Those, how- 
ever, which showed some promise or about which numerous inquiries 
were received were admitted to test. as 

The object of the tests, which were carried on at the Forest Prod- 
ucts Laboratory maintained in cooperation with the University of 
Wisconsin, was to secure data on the practical value of these com- 
pounds and chemicals as wood preservatives. More than this, how- 
ever, it was thought that such an investigation would show clearly 

1 The following members of the Forest Products Laboratory performed the experiments herein described: 

Ernest Bateman, chemist in forest products; C. J. Humphrey, pathologist, Bureau of Plant Industry; 

Ruth Fleming, scientific assistant, Bureau of Plant Industry; Robert E. Prince, assistant engineer in 

forest products. 

Acknowledgment is also made to Ira H. Woolson, consulting engineer, the National Board of Fire 

Underwriters, for valuable assistance in the inflammability tests, and to the following cooperators, who 

furnished some of the preservatives used: United Gas Improvement Co., Philadelphia, Pa.; Bruno- 

Grosch & Co., New York City; Carbolineum Wood Preserving Co., Milwaukee, Wis.; C. A. Wocd Pre- 

server Co., St. Louis, Mo.; Marden, Orth & Hastings, Boston, Mass.; Logged-Off Land Utilization Co., 

Seattle, Wash.; Lake Superior Iron & Chemical Co., Detroit, Mich.; Spirittine Chemical Co., Wilming- 

ton, N. C.; Materials Preserving Co., Burlington, Vt.; Atlantic Turpentine & Refining Co., Savannah, 

Ga.; Indian Refining Co., New York City; Copper Oil Products Co., New York City; Balaklalla Consoli- 

dated Copper Co., Coram, Cal.; Franz Workman, Scotland (representing Messrs. Bruening & Marmet- 

Schke); John M. Long, Winston, Va.; Philadelphia Quartz Co., Chester, Pa.; Blagden, Waugh & Co., 
London, England. 

58293°— Bull. 145—15——1 
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the deficiencies of present practice in wood preservation and pave 
the way for increasing its efficiency by suggesting lines for orginal 
research. 

From 40 to 90 per cent, or an average of over 60 per cent of the 
total cost of treating wood, is chargeable to the preservative alone. 
in ordinary treatments with coal-tar creosote it is common practice 
to inject 5 to 10 pounds of the oil per cubic foot of wood, although 
toxicity tests indicate that about one-half of a pound will prevent fun- 
gous growth; in other words, exclusive of subsequent changes, from 10 
to 20 times as much creosote is used per volume of wood as is theoretic- 
ally required. The possibility of safely reducing this amount, and 
consequently the cost of treatment, is one of the problems referred 
to. The tests described herein should therefore be considered simply 
as preliminary to the more difficult problems involved. 

PROPERTIES INVESTIGATED. 

The practical value of a preservative depends very largely upon 
the conditions under which it is used, and investigations to deter- 
mine its value must necessarily be broad. The following points 
were considered in the tests: 

(1) The important chemical and physical properties of the pre- 
servative. 

(2) The effect of the preservative on the strength of the wood 

treated with it. 
(3) The ability of the preservative to penetrate and diffuse through 

wood. 
(4) The permanency of the preservative after its injection into 

wood. This involves a study of its volatility and leachability. 
(5) The combustibility of wood treated with the preservatives. 
(6) The toxic efficiency of the preservative in preventing the 

growth of wood-destroying fungi. 
(7) The corrosive action of the preservative on steel. 

(8) The effect of the preservative on paint applied to the wood 
subsequent to treatment. 

No systematic tests were made on the effect of the preservative 
as an electrolyte or in contaminating drinking water, nor any tests 
which relate to a special or limited use. 

METHODS OF TEST. 

The various tests were conducted as follows: 
Thoroughly air-seasoned eastern hemlock (Tsuga canadensis L.) 

was selected as the wood best suited for the experiment because of 
its low inherent resistance to attack by fungi, the comparative uni- 
formity with which it can be treated, and its availability. Only 
perfectly clear, straight-grained, and uniform material, free from all 
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mechanical and physical defects, was used. The pieces selected for 
test were 12 by 26 by 1} inches. These were cut and numbered as 
shown in A, Plate I. Some of the test specimens were left untreated; 
others after treatment were recut and renumbered as shown in B, 
Plate I. 

The uses to which the specimens were put are given in the de- 
scription of each test. 

CHEMICAL AND PHYSICAL PROPERTIES OF THE PRESERVATIVES. 

The chemical composition of each preservative, its specific gravity, 
viscosity, odor, flash, and burning points were tested by standard 
methods. In all distillations the apparatus described in Forest 
Service Circular 112 was used. 

The specific gravity was determined chiefly by a hydrometer or by 
a Westphal balance. Viscosities were obtained by using the Engler 
orifice viscosimeter at various temperatures. The flash and burning 
points were determined by heating the preservative at a rate of 2° C. 
per minute in an open flash-point tester, passing a small flame over 
the surface every minute. 

METHOD OF TREATING WiTH PRESERVATIVE. 

Pieces Nos. 4, 5, 6, 7, 12, 18, and-14-2 were treated with the 

varlous preservatives in an impregnation cylinder. Before treatment 
they were oven-dried at 100° C. in order to be sure that all speci- 
mens were as nearly as possible in a uniform moisture condition. 
They were then weighed and impregnated. The simplest proce- 
dure of treatment was followed. For example: After the wood 
was placed in the cylinder the preservative was admitted, displacing 
the air, until the cylinder was completely filled; a pressure of about 
50 pounds per square inch was then applied until the desired absorp- 
tion was obtained, when the cylinder was drained of excess preserva- 
tive and the specimens removed and weighed within 24 hours. When 
necessary higher pressures than 50 pounds were used. 

STRENGTH TESTS. 

Pieces 1, 2, and 3, which were not treated, and 4, 5, and 6 (see 
A, Pl. I), which were treated with the preservative, were tested in 
bending to failure in an ordinary 30,000-pound testing machine, 
using a center load over a 12-inch span. Care was taken to have all 
specimens at approximately the same moisture content at the time 
of test (about 6 per cent) by allowing them to remain in the laboratory 
until they no longer absorbed moisture from the air. Specimens 
treated with oils usually contained a little less moisture than those 
untreated. After bemg broken, 3-inch specimens were cut from each 
end for fungus-pit tests (see B, Pl. I). = * 
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PENETRANCE OF THE PRESERVATIVE INTO WOOD. 

The distribution of a preservative in the wood, a most important 
feature in any treatment, was studied as follows: 

The central portions of sticks 4, 5, and 6, after the strength data 
had been obtained on them, were split, and the depth and character 
of the penetration recorded. This could usually be done visually, 
but with those preservatives waich in aqueous solution were color- 
less, an aniline dye was used or the specimens were chemically 
analyzed.* . 

The results from these tests were used to supplement those secured 
from pieces 8, 9, and 10, which were tested in a specially-constructed 
penetrance apparatus (see Pl. If) operated in the following man- 
ner: A hole 1 inch in diameter was bored in the center of each stick 
(A) to a depth of three-fourths inch. The stick was then placed on 

the shelf (3) inside the apparatus for several hours, and after being 
weighed was clamped between two iron disks (C( and D) so that the 

preservative could be forced into the hole from the tank (#) under 
a constant pressure and temperature. The stick was raised to a 
temperature of about 180° F. by the steam coils (/) before the pre- 
servative was admitted. The pressure was controlled by compressed 
air on the top of the preservative in tank (#). For oils, the length 
of the pressure period was 30 minutes, and for water-soluble salts 3 
minutes, with the exception of sodium silicate, for which the time 
was prolonged to 30 minutes. The time it took to penetrate the 
wood longitudinally was noted.2 At the end of these periods the 
specimen was sawed longitudinally and transversely through the 
center lines and the penetration radially, tangentially, and longitudi- 
nally was studied. (See Pl. Lil.) 

VGLATILITY TESTS. 

The volatility tests on oils were made to determine only the 
relative rates at which they left the treated wood. The plan of 
using matched pieces, as outlined in Plate I, was abandoned because 
the data obtained were inaccurate, the specimens reabsorbing 
moisture through the untreated end surfaces of the specimens cut 
after treatment. A new set of specimens was prepared from noble 
fir (each 14 by 2 by 6 inches) and treated for the volatility experi- 
ments. These were weighed separately and placed in the volatility 
apparatus (fig. 1), consisting of an air-tight metal box, 15 by 24 by 
30 inches, through which a constant current of air, partially dehy- 
drated by passing through calcium chloride towers, was drawn. 

iIt was found by repeated tests that water and the dye had a tendency to penetrate in some cases 

slightly farther than the preservative, although the difference was of no practical significance. 

2 A mirror placed in the back of the apparatus enabled the penetration in the rear end of the stick to be 

Getermined. : : 



PLATE I. Bul. 145, U. S. Dept. of Agriculture. 

A.—Specimens cut thus before treatment. B.—Specimens cut thus after treatment. 

METHOD OF MATCHING AND CUTTING SPECIMENS. 



PLATE II. Bul. 145, U. S. Dept. of Agriculture. 

APPARATUS FOR CONDUCTING TESTS ON PENETRANCE. 
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APPARATUS FOR DETERMINING RELATIVE INFLAMMABILITY. 
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The box was heated to 30° C. by electric lamps, the temperature 
being automatically controlled within 1° C. by a thermostat. The 
treated specimens were removed and weighed at weekly periods for 
3 months, the loss in weight being taken as representing the amount 
of the preservative volatilized. 

COHDENSER 

TEST SPECIMENS 
&CPLAMPS / 

Fic. 1.—Apparatus for conducting tests on volatility. 

LEACHING TESTS. 

Tests were made on the water-soluble salts to determine the rela- 
tive rates with which they leached from the treated wood. As soon 
as possible after treatment stick 12 was recut into three pieces, each 
13 by 14 by 4 inches in size, and weighed separately to determine 
the amount of preservative it contained. 
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The test pieces were then submerged in a glass jar containing 300 
ce. c. of distilled water at room temperature. This water was changed 
at stated intervals and analyzed for the presence of preservative. 
The total time of leaching was 4 weeks. To check the amount of pre- 
servative remaining in the wood after the total submersion period the 
specimens were shredded and chemically analyzed. Owing to the 
large amount of preservative which adhered to the surface of the wood, 
and the absorption of some of it, it was extremely difficult to secure 
satisfactory results on leaching. For this reason no values are given. 
Recent experiments indicate that not only do the different salts 
leach at different rates, but also various concentrations of the same 

salt. 
INFLAMMABILITY TESTS. 

The crib and shaving tests frequently used in testing the combusti- 
bility of wood proved unsatisfactory, and a new form of apparatus 
was finally developed with which more comparable results were 
obtained. This apparatus (see Pl. IV) consists of a silica tube, 

wrapped with nichrome ribbon. An iron tube fitted with a mica 
sight was cemented below the silica tube. 

The specimen of wood, after being lowered in the silica tube, was 
heated at a uniform rate by passing 24 amperes of electric current 
at 110 volts through the nichrome ribbon. Temperature readings 
were obtained from a thermocouple placed beside the specimen and 
reading direct from a Hoskins-pyrometer indicator. A pilot light 
was used to ignite the gases distilled from the wood. Compressed 
air partially dehydrated by expansion was passed through the appa- 
ratus, its intensity being indicated by a sensitive liquid manometer. 
Three untreated test specimens cut from stick 11 (see Pl. I) were 
burned as a check against the three treated specimens cut from 
stick 18. When the preservative was a water-soluble salt, the test 
specimens were first air-dried and then oven-dried before ignition. 
When the preservative was an oil, one inflammability test was made 
within 24 hours after impregnation and another after three months’ 
seasoning in the volatility apparatus, the latter being made on speci- 
mens cut from stick 12.1 

TOXICITY TESTS. 

Because of the importance of toxicity tests and the inherent 
objections to various established methods of testing, three independent 
methods were followed: 

(1) Petri-dish method, in which the preservative is mixed with a 
culture medium and inoculated with fungi. 

1 Stick 12 was used for leaching tests in the treatments with water-soluble salts, and for inflammability 

tests after 3 months’ seasoning in the volatility apparatus in the treatments with oils. 
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(2) The injection of the preservative into wood, with a subsequent 
exposure to pure cultures of wood-destroying fungi in sterilized Jars. 
Specimens recut from stick 14, as indicated in B, Plate I, are being 

used for these tests. 
(3) The injection of the preservative into wood with subsequent 

exposure to various fungi in a fungus pit. Specimens recut from 
sticks 1 to 6, inclusive, as indicated in B, Plate I, are being used for 

these tests. 
At present tests by the petri-dish method are the only series that 

have advanced far enough to be reported upon. 

PETRI-DISH TESTS. 

In these tests the culture medium consisted of the extract of 1 
pound of lean beef in 1,000 c. c. distilled water, to which is added 25 
grams Lofflunds malt extract and 20 grams agar-agar. 

The medium and preservatives were sterilized at 100° C. in separate 
sealed containers, then thoroughly mixed together and poured into 
petri dishes 100 mm. in diameter and 10 mm. deep. (See PI. V.) 
After hardening, the agar-preservative mixture was inoculated at the 
center with the mycelium of a wood-destroying fungus (see PI. 
VY), and the cultures then placed in an incubator held at approxi- 
mately 25° C. for from 4 to 6 weeks. The growth was observed 
usually at intervals of about a week. Plate V shows the appearance 
of these cultures of fungi in various stages of development. This test 
is considered by the Forest Service as merely tentative. While it 
is open to certain objections, such as the possible chemical combi- 
nation of certain of the preservatives or their constituents with the 
media, it nevertheless offers considerable advantage in giving quick 
indications of the toxicity of a substance, in that way indicating the 
most promising preservatives for further work. 

The results of tests to date on the fungi Fomes annosus (Fr.) Cke. 

‘and Fomes pinicola (Sw.) Fr. are summarized in Table 5.1 

CORROSION TESTS. 

To determine the corrosive action of the preservative on steel, so 
that possible deterioration in a treating cylinder might be ascer- 
tained, a strip of boiler flange steel of the quality specified by the 
American Society for Testing Materials, August 16, 1909, was sub- 
merged in the preservative and heated to a constant temperature of 
about 98°C. The preservative was changed every week for 4 weeks 
in the case of oils; with aqueous solutions, it was changed every day 
for 1 week. The difference in the weight of the steel before and after 

1 Concentrations in this table are based on the actual weight of preservative in 20 c. c. agar-preservative 

mixture. 
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submersion was taken to indicate its corrosion. All depositions on 
the surface of the metal were removed as nearly as possible with a 
rubber ‘‘policeman’”’ each time the preservative was changed. At 
the end of the tests, where electrolytic deposition of metal had taken 
place, the deposited metal was removed by acid and its amount 
determined by an analysis of the acid solution. The weight of depos- 
ited metal thus determined was added to the loss of iron, and this 
total represented the total corrosion. The figures thus obtained were 
then calculated to ounces of steel corroded per square foot of surface 
exposed per week. : 

PAINT TESTS. 

The treated wood was first air-seasoned for about 1 month to per- 
mit water and light oils to evaporate, and then coated with white 
paint (80 pounds of lead oxide to 1 gallon of linseed oil), noting the 
color change which subsequently took place. This test was made in 
order to determine the practicability of paimting treated wood. 

The results of the tests on wood treated with water-soluble salts 
were favorable, and the scope of the tests was therefore enlarged. 

Specimens of noble fir, i by 4 by 12 inches, were treated with zine 
chloride and sodium fluoride, and painted with white-lead paint. 
Untreated specimens were also painted for comparison. Four speci- 
mens were used in each set. One specimen from each series was 
placed in running water or in the moist atmosphere in the fungus pit, 
and two exposed to the weather. 

These tests also indicated that wood treated with these salts could 
be successfully painted, and arrangements were then made with the 
National Paint Manufacturers’ Association for a more extensive test. 

White pine panels, 2 by 3 feet by 1 inch, were treated with zinc 
chloride, sodium fluoride, and ammonium phosphate. Six panels 
were treated with each preservative and six were used untreated. 
These were sent to the Institute of Industrial Research, Wash- 

ington, D. C., where they were painted under the direction of Mr. 
Henry A. Gardner, representing the National Paint Manufacturers’ 
Association. After painting, the panels were divided into three sets— 
one of which is exposed at Atlantic City, N. J., one at Washing- 
ton, D. C., and the third at St. Louis, Mo., under the direction of 
Dr. Hermann von Schrenk. 

RESULTS. 

The results secured from the experiments may be changed by sub- 
sequent tests, since the field covered 1s new and errors in manipula- 
tion, not at present apparent, might exist. Every feasible precau- 
tion was taken, however, to avoid errors, and those known and 

uncontrollable are mentioned. 
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PETRI-DISH TESTS SHOWING RETARDATION OF GROWTH AS THE PER CENT OF TOXIC 

AGENT IS INCREASED, 
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PHYSICAL AND CHEMICAL PROPERTIES. 

~The results of the tests on physical and chemical properties are 
given in Table 1. 

EFFECT OF THE PRESERVATIVE ON THE STRENGTH OF WOOD. 

Table 2 gives the results of the tests on the effect of the preservative 
on the strength of wood. 

As a greater accuracy than plus or minus 10 per cent could not be 
obtained in these tests, largely because of variables inherent in wood, 
the conclusions should be interpreted liberally. ) 

All of the preserving oils, viz, the products of coal tar, wood tars, 
water-gas tars, and crude petroleum produced no appreciable weaken- 
ing in the strength of the wood impregnated with them. The amount 
of moisture which the treated specimens contained could not be 
definitely determined, although it is believed that it was slightly less 
than the moisture in the untreated specimen. The variations in 
individual cases from the average is within the limit of accuracy of 
the test. An average of all the tests indicates that the strengths 
treated and untreated were about the same. 

In general, the water-soluble preservatives caused a slight weak- 
ening of the seasoned wood. This was most pronounced in the case 
of sodium silicate and by-product zinc sulphate. The values given 
for the effect of these preservatives are accentuated, due to the 
higher moisture content of the treated pieces. The application of a 
moisture-correction factor would probably show that, with the ex- 
ception of sodium silicate and by-product zine sulphate, the weaken- 
ing caused by the water-soluble preservatives is of no practical 
sionificance. The specimens treated with sodium silicate, however, 
were noticeably affected, the outer wood fibers being badly checked 
and disintegrated. 

PENETRANCE OF THE PRESERVATIVE INTO WOOD. 

Table 2 gives the results obtained on the penetrance of the preserv- 
ative into wood. 

So far as penetrance is concerned, the following preservatives can 
be considered satisfactory: Coal-tar creosote, coal-tar creosote frac- 
tions I, II, ITI, and IV, the three water-gas-tar creosotes, S. P. F. and 
Avenarius carbolineums, C. A. wood preserver, beechwood creosote, 
Spirittine, wood-creosote oil, copperized oil, fuel oil, kerosene, zine 

chloride, commercial zinc sulphate, by-product zine sulphate, B. M. 
preservative, sodium fluoride, and cresol calcium. 
Wood tar from Douglas fir, Preservol, and coal-tar creosote fraction 

V were very difficult to force through hemlock, being more than 
twice as resistant as coal-tar creosote. 

58293°—Bull. 145—15——2 
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Satisfactory penetrations with hardwood tar, Timberasphalt, and 
sodium silicate were not secured. The results indicated that they 
were from 10 to 18 times as resistant to penetration into” hemlock 
as the coal-tar creosote used. 

PERMANENCE OF THE PRESERVATIVE AFTER INJECTION INTO WOOD. 

Table 3 gives the results obtained from the volatility tests. 
After 10 weeks’ exposure the preservatives had lost amounts vary- 

ing from 1 to nearly 60 per cent. The loss was proportional to the 
content of low-boiling oils, as shown by analysis, those having low 
distillation points hear the most by volatilization. 

The oils losing excessively by volatilization were the first two frac- 
tions of coal-tar creosote, water-gas-tar creosote (specific gravity 
1.012), and kerosene. The high volatility of these oils separates 
them from the more efficient wood preservatives. 

Those losing moderately by volatilization were coal-tar creosote 
fractions ITT and IV, coal-tar creosote, water-gas-tar creosote (sp. 
er. 1.051), wood tar from Douglas fir, wood-creosote oil, beechwood 
creosote, Preservol, and fuel oil. 

The least volatile of the oils tested were coal-tar creosote frac- 
tion V, water-gas-tar creosote (specific gravity 1.07), Avenarius car- 

bolineum, S. P. F. carbolineum, C. A. wood preserver, hardwood tar, 
Sura and Timberasphalt. Some difficulty was experienced in 
obtaining reliable data upon these oils, due to their nonvolatile 
character. There was a tendency for the specimens to absorb small 
quantities of moisture, which obscured the results somewhat. The 
data show, however, that the oils just mentioned were much less 
volatile, and therefore more permanent in the wood exposed to the 
air than those listed in the two preceding paragraphs. 

The lighter fractions of coal-tar creosote were more highly toxic 
than the very heavy fractions. It is especially necessary in the case 
of oils, therefore, that the toxic properties should be considered in 
conjunction with the permanence of the preservative. The higher 
toxicity and greater volatility of low-boiling creosote oils and the 
lower toxicity and lower volatility of the high-boiling creosote oils 
tend to balance each other. This point has been substantiated in 
service tests in which coal-tar creosote proved practically as efficient 
in preventing decay as the higher boiling creosote derivatives. 

EFFECT OF THE PRESERVATIVE ON THE COMBUSTIBILITY OF WOOD. 

Table 4 gives the results obtained in the inflammability tests. 
Wood treated with the oils in every case ignited at lower tem- 

peratures than untreated wood. When permitted to air-season for 

1 See article Eng. News, Nov. 27, 1913, “Condition of experimental pols in the Augusta-Savannah and 

Helena-Meldrim lines,’’ and Forest Service Circular 198. 
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3 months the temperature of ignition was considerably raised, due 

probably to the evaporation of the more volatile constituents. The 

loss in weight from burning treated wood seasoned for 3 months was 

also usually less than in the specimens burned shortly after 
impregnation. 

In general, wood treated with oils ignited at lower temperatures than. 
wood treated with water-soluble preservatives. The temperature of 
ignition in both cases was lower than that of untreated wood." 
Furthermore, wood treated with oils showed in general greater loss 
in weight after combustion than wood treated with the water-soluble 
salts. It should be noted, however, that the amount of wood actually 
burned may have been less than in the case of the salts. 

Untreated wood and wood treated with oils (exception, Timber- 
asphalt) burned freely, and in general had to be extinguished after a 
three-minute period, while wood treated with water-soluble salts 
(exception, cresol calcium) burned slowly and became extinguished 

in less than three minutes. 

TOXIC EFFICIENCY OF THE PRESERVATIVE IN INHIBITING FUNGOUS GROWTH. 

Table 5? contains the results of the tests thus far completed on 
_ toxicity. The following conclusions on the toxicity of the various 
preservatives should not be considered as absolutely final, because of 
errors peculiar to the Petri-dish method. 

The products obtained from the high-boiling constituents of coal- 
tar creosote, for example, the carbolineums and high-boiling creosote 
fractions, were much less toxic than the coal-tar creosote or the low- 
boiling fractions. The products with the greater toxic properties are 
those having the lower specific gravities and lower boiling points. 

The same was true to an exaggerated degree in the water-gas-tar 
creosotes, the 1.012 oil being about as toxic as coal-tar creosote, 
while the 1.07 oil was only slightly toxic. 

_ The hardwood tar and Spirittine (from yellow pine) were less than 
half as toxic as coal-tar creosote. Wood tar from Douglas fir and 
Preservol were about equal to coal-tar creosote in toxicity. Beech- 
wood creosote was more than twice as toxic as coal-tar creosote. 

Of the water-soluble salts tested sodium fluoride was the most 
highly toxic, being from one and one-half to two times as toxic as 
coal-tar creosote. Zine chloride was slightly more toxic to Homes 
annosus, but far less toxic to Yomes pinicola than coal-tar creosote. 
Cresol calcium was also very highly toxic, being from two to four 

1 Wood dipped in a 50 per cent sodium silicate solution ignited at a temperature of 448° C., and its weight 
was reduced 17 per cent, although burning immediately ceased when the sample was dropped in the lower 

chamber of the inflammability apparatus. 

' 2'This table was published in the Jour. Ind. and Eng. Chem., Feb., 1914, by C. J. Humphrey and Ruth 

Fleming, who conducted the tests. They are included here because they are an important factor in dete r- 

mining the value of these preservatives. 
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times as much so as coal-tar creosote. Sapwood antiseptic was 
almost nontoxic. 

Preservatives designated as copperized oil, fuel oil, Timberasphalt, 
kerosene, and N. 8. Special had very low toxic properties. 

CORROSIVE ACTION OF THE PRESERVATIVE ON FLANGE STEEL. 

Of the various preservatives tested, coal-tar creosote, copperized 
oil, the fractions of coal-tar creosote, the various carbolineums, the 
water-gas-tar products, fuel oil, Timberasphalt, and kerosene had 

very slight corrosive action on steel. In practical operations such 
action can very probably be neglected. 

The metallic salts, except cresol calcium and sodium fluoride, were 
much more pronounced in their action than coal-tar creosote, so that 
the depreciation in plants using them would seem to be much greater. 
The corrosive action of cresol calcium is much less than the other 
salts tested. Zine sulphate was much less corrosive than zine chloride. 

The very marked corrosion of hardwood tar, Preservol, and tar 
from Douglas fir is probably due to the comparatively large amount 
of acetic and other organic acids which they contain, while the some- 
what less corrosive action of Spirittine and beechwood creosote are 
probably due to smaller quantities of these acids. 

In general, wood-tar products were much more corrosive than coal- 
tar or petroleum products. This property may, however, be largely 
eliminated in the future development in methods of refining these oils. 

DISCOLORATION OF PAINTED WOOD. 

All of the oils tested rendered the wood unfit for subsequent paint- 
ing.t Copperized oil was least objectionable in this respect. If 
thoroughly dried after treatment, so that excess oil would not appear 
on the surface, it is possible that wood treated with some of these 
preservatives could be satisfactorily painted with dark pigments. 

The water-soluble salts were all satisfactory (except sodium silicate 

and cresol calcium) in that they caused no discoloration and appar- 
ently no deterioration of the painted surface. From the results of 
tests thus far made it is likely that woods treated with zinc chloride 
and many water-soluble salts can be successfully painted. : 

Cresol calcium caused discoloration of the paint; sodium silicate 
reacted with the oil of the paint film, causing it to lose its adhering 
properties. 

Additional tests on the effect of zine chloride and sodium fluoride 
on white-lead paint were made. Specimens exposed to the weather 
were in good condition after 24 months, when they were accidentally 
destroyed. Specimens placed in moist air were in good condition 
after 1 year and 4 months. No difference was noticeable between 

1 This applies, of course, only to the method of painting herein described. 
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TESTS OF WOOD PRESERVATIVES. 13 

_ the treated and untreated specimens; there was no visible evidence 
of the hygroscopic action of zine chloride on the paint film, nor did 
the salt appear to come to the surface. There was a marked difference 
in the appearance of the treated and untreated specimens that were 
placed in running water for 1 year and 4 months. (See Pi. VI.) 
The paint film on the one treated with sodium fluoride and the un- 
treated one had disintegrated and could be rubbed off upon a cloth 
(see Pl. VI, at top); that on the specimen treated with zine chloride 
was in good condition. This indicates that zine chloride may have a 
preservative action upon paint films under certain circumstances. 

No results have thus far been obtained from the last series of tests 
made in cooperation with the National Paint Manufacturers’ Associ- 
ation. 

The results of the tests thus far made indicate that woods treated 
with zine chloride, sodium fluoride, and other water-soluble salts 
might be successfully painted. This pomt can not be definitely 
settled, however, until the results of the tests in cooperation with 

the National Paint Manufacturers’ Association become available. 

CONCLUSIONS. 

In general, highly viscous oils do not readily penetrate, while’ 
oils with low viscosities penetrate wood readily. As temperature 
strongly influences the viscosity of oils, and as the diffusion of the 
preservative through the wood is one of the most important factors 
in proper treatment, to secure best results both the wood and the 
preservative should be sufficiently heated during the pressure period. 
Because of the low thermal conductivity of wood the treatments 
should not be made too rapidly. With water-soluble salts these pre- 
cautions are not important. 

With coal-tar creosote it appears that the fractions of greater sta- 
bility are the less toxic. Present practice rather favors the reten- 
tion in treated wood of the more volatile fractions by an admixture 
of the more stable ones. If the toxic values here given are correct, 
there is, in practice, bemg forced into wood about one and one-half 
times as much zine chloride and from 10 to 20 times as much coal-tar 
creosote as is necessary to prevent decay. Of course, in practice 
more preservative than these toxic minima must be forced into 
wood in order to make proper allowance for any subsequent changes 
that might take place. However, more economic results, especially 
when decay is accompanied by mechanical deterioration, can be 
secured by diffusing the preservative more thoroughly through the 
wood than by saturating the outer fibers and attempting to retain 
in the wood the volatile constituents through admixtures of non- 
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volatile constituents. It also appears that the factor of safety in 
zine-chloride treatments is very low, and that to secure the best re- 
sults more than 0.4 to 0.5 pound per cubic foot, the present practice, 
should be injected. 
In general, the flash or burning point of an oil affects the inflam- 

mability of wood treated with it. Of greater importance, however, 
is the length of time the treated wood has seasoned, as a prolonged 
seasoning of such wood raises considerably its ignition temperature. 
It would seem good practice first to season such treated timber before 
placing it in positions subject to fire. While wood treated with the 
water-soluble salts mentioned in these tests was in general less diffi- 
eult to ignite than untreated wood, nevertheless the presence of such 
preservatives usually renders the wood slow burning and easily ex- 
tinguishable. 

In using the data submitted in this bulletin, the reader is cautioned 
against drawing sweeping conclusions. It was possible to make only 
a limited number of check determinations because of the many 
variables which had to be considered. The most reliable information 
on the efficiency of preservatives is, of course, obtained from service 
tests, but until such data become available, it is thought that the 
tests already described will be found valuable m studying the most 
efficient use of wood preservatives. 
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PaBLE 2.—Penetrance of the preservatives and their effect on the strength of wood. 

TESTS OF WOOD PRESERVATIVES. 17 

Penetration, Bioneth Moisture at test. 

Average |. 
Pre- | Preservative desig- | Radial and par absorption|2 Per cent 

serva-| nated by coopera- | tangential, |Uomsitudinal..(¢ roe anes sebve! a 2 2 aes 
tive No. toras alae es a3 pee Neat ofuntreat-| Untreated.) Treated. 

mum. | mum, | mum. | mum. CL NAIDS 

Inch. | Inch. |Inches.\Inches.| Pounds. | Per cent. | Per cent. | Per cent. 
Wes. Coal-tar creosote- ---- 0.28 | 0.23 6.00 | 5.30 8.76 93 62203) SeRe estes 
Cee AES Coal-tar creosote, -45} .21 6.C0} 6.00 5. 28 101 5 BSG te ose 

Fraction I. 
eta Coal-tar creosote, -45} .17 6.00 | 6.00 6. 86 92 65223 | eee 

Fraction IT. 
4_.....| Coal-tar creosote, -45} 21 6.00 | 6.00 7.55 92 6244) sc ese 

Fraction III. / 
eee ae Coal-tar creosote, Bry Oil Meas ke} 6.00 | 5.50 7.33 96 GPAs eee ee 

Fraction LV. 
Gisse: Coal-tar creosote, SO Od. 3.80 | 1.20 2.00 90 6320 5 

Fraction V. 
Teese Water-gas-tar creo- e4D tess 6.00 | 5.00 6. 45 92 PGS ea as eee 

sote, 1.051. 
Ses Water-gas-tar creo- -45] .42 6.00} 5.30 7.18 90 GRITS B ee ee 

sote, 1.012. 
Bers.<2 Water-gas-tar creo- -10} .10 6.00 | 3.33 9. 58 108 LSA (pe aaa ct 

sote, 1.070. 
ee os §.P.¥.carbolineum.| .37| .23 | 6.00] 5.70 8.77 100 6240: [0/00 ee 
Tbe ieee a eraHius carbo- so Giliecokee 6.00 | 5.30 8. 08 109 6: SEN eee ens 

eum. 
BP.-..-: C. A. wood preserver.| .27} .20 6.00 | 4.70 8. 43 100 G99 Ae Sacre 
(are Hardwood tar....-.- SUB 08} -92 .50 6.50 98 GSD neo ee aes 
Ae eee Wood tar (Deuglas - 08 08 3.58 | 2.33 2, 82 107 OO seer ca eae 

Thee Beechwood creosote.| .36] .106| 6.00} 3.16 12. 68 99 GREW alee ee 
Taser Spinittinevsss.---2-5- 38} .18 6.00} 4.50 8. 09 96 GiO5r Fae oe 
eae IPTESELVOlnseee see -08} .05 3.75 1.50 6. 27 107 65245 | eee 
fee. se W ood-crecsote oil...- ROM eto 6.06 | 4.30 12. 86 110 GHAI nike wme Spee 
13 eesoc Timberasphalt...... 3021 02 -33 583} 5. 68 106 G68). ae eeos ae 
WE s2 Copperized oil......- 2224.22 6.00 | 4.08 8.58 101 BAO 5 Rast Me ee 
5A pa see feet Mueloiliee oss. sie. 245} .43 6.00} 6.00 12.70 B72 ee ee tee a aie cee 
Ce eae RCCTOSCHOSsesssciee =: -45] .30 6.00 | 6.00 14,51 90 Es ES edie ee 
Pe Zine chloride.....-.- -10] .08 6.00} 5.30 2.43 88 7.13 9. 35 
, LR Zine sulphate.......-. -10|] .08 6.00 | 4.66 3.96 89 5.14 9. 60 
b aS Zine sulphate (by- By Ay Wea) 6.00 | 4.66 31,11 82 3. 88 5.77 

product). 
BGT is. B.M. preservative. .- S32 10 6.00} 4.60 8.50 85 5.16 9. 48 
eee h eats SRO M@CCl Gm OUICSS easeessl ae anang Mececcd hocodod Goannoebead Bas cucecess Bean Eocnods once ares 
2ece cco Sodium silicate...... -05 | .08 - 46 . 30 -99 82 6. 42 7.38 
Poona Sodium fluoride. ..-.- aL OS] =. 10. 6.00} 5.00 - 20 85 5. 82 8.70 
A VYek sce Cresol caleium.-.....- LOH aes 1L0. 6.00 | 3.30 46 103 5.72 6, 58 

1A penetration of 6 inches was the maximum that could be secured longitudinally, 0.45 inch was the 
maximum radial and tangential. The absorptions here given have no reference to the data on penetrance. 

2 Dry salt. 3 For composition see Table 1. 

TABLE 3.—Permanence of the preservatives after injection into wood. 

Volatility. 

Preserva- | Preservative designated by 
i cooperator as — 

Per cent volatilized after seasoning for— 

= 10 days. | 20 days. | 30 days. | 50 days. | 70 days. 

ibe iat Woal-tanicreosOteeecmas ss see Cal a ye CLL, Ie etl Sane MTL To |e DO Tn Mater ADD) ee cot aren 
ya Ua Coal-tarzcreosote, reaction ©) 64) 0 88} am asninnn mn boii viet. |uakhe Ate g| enn ape oelew 
a ET ye Coal-tar creosote, Fraction II. BONN pn AA owt) a Arr: cuban Wea ee 
Be ipod hh Coal-tar creosote, Frac. IIT... 13 21 28 34 SiTi| Sete a antl 
Bee Coal-tar creosote, Fraction 1V 8 il 14 18 20} Ree eee 
Ce Rese ee Coal-tar creosote, Fraction V 6 6 5 6 fish Page a ea 
Capea eset Water-gas-tar creosote, 1.012. 16 26 32 41 7 ATA eae eee ane 
Bee eya ee Water-gas-tar creosote, 1.051. 18 21 25 30 EBM Se asacanae 
C Basen eas Water-gas-tar creosote, 1.07... 2 | 3 3 > iS escapee 
1 ee ee ae §. P. F. carbolineum.......- 3 | 4 5 8 Ih See eres 
FT Se eee PAey CNATIUSICALDOLMN CHIN cere em ae ae eam en ieee | net een 1 1 ol | eee eee ae 
De alee kre 2 C. A. wood preserver....-.-.- —2 Pa | paren ar +1 cy el bi Re te Pa 
SUG 2 eee ard woodstare cc soso se en ss eae ea eee 2 6 63 Rosset Bee 
ie Wood tar (Douglas fir)...... 12 14 15 15 1 ee eee 
Tae eee Beechwood creosote........- 14 17 21 25 29),| See 
BS Mats | SPIC Ne wase eee eee ee 1 3 5 7 8; Soenenee es. 
1 (Ae ee IBOSEHV Ola naceseese es vctge coe ik 15 16 16 Diy al tener ee 
1 a ee W ood-creosote oi]............ il 13 15 16 G4 Be se see eee 
1 5 ME ea ALINE oe iPek] QR Se eae OS eet ek —12 +1 (Ua Saesaeace 
>. Disa as Copperizedioiey seen eee 5 5 5 6 Ay Nea oes oe 
7: Renpenle aaa Ie Ol ee ae ee eee Z 4 a 11 13) Se 

hi 
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TasiE 4.—Inflammabihiy of treated wood. 

Preserva- 
tive No. 

OS. .e2--2--e 

Preservative designated by co- 
operator as— 

Lossin | 

Untreated wood (hemlock)....... 
Coal-tar creosote................-- 

Coal-tar creosote, Fraction I....... 

Coal-tar creosote, Fraction II..... 

Coal-tar creosote, Fraction ITI..... 

Coal-tar creosote, Fraction IV... 

Water-gas-tar creosote, 1.070....-. 

S. P. F. earbolineum 

Avenarius carbolineum........... 
C, A. wood preserver...........-. 
Hardwood tare. 5b. 5228: 8: 

Wood tar (Douglas fir) 
Beechwood creosote 

Spirittine 

Preservol 

Timberasphalt................... 
Copperized oil............22.2.... 
UIC OU 4 oa eee 

ZAC SULDORLC! 526 eee le ae 
Zine sulphate (by-product)....... 
B. M. preservative o>: 2.0. .5..< 

Sapwood antiseptic.............. 
Sodium silicate: ............520.2% 

Sodium fluoride. ................. 
Creso] calcium.............--.-... 

welent due | 
: : to burning 

fags eas calculated 
tion (° é) in per cent 

“| of weight 
before 

ignition. 

Days after | Days sea- | 
More | . Soned— 

2 | 90 | 2 | 90 | 
| 

207 | sais 
25 21 

B20: |ocinee 
174 | 225 

133 | 306 

113 | 286 

148 | 269 

183 | 223 

195 | 287 

172 | 231 

149 | 238 

231 | 243 

243 | 263 

213 | 235 
215 | 247 
190 | 241 

167 | 217 
APTN a 22 

a 247 

205 | 269 

178 | 251 

296 | 310 
200 | 228 
167 | 241 

126 | 231 
eee 1287 

Merer 1304 
a 1298 
ees 1 305 

2369 

23) | 938 

25} 21 

26| 16 

33] 21 

10| 15 

24| 19 

29| 18 

40| 31 

26| 19 

32| 18 
33 | © (35 
29| 30 

36| 26 
34] 19 

37 | 29 

23! 22 

39] 35 

23| 32 
43] 33 
36 | 27 

37| 17 
ieee 19 

peiees 18 

See | 

ae 10 

Satu 25 
29 

Character of combustion. 

Burned freely. 
Burned freely; black smoke; 

easily extinguished. 
Burned very freely; easily ex- 

tinguished. 
Burned freely; easily extin- 

guished, 
Did not burn as well as creo- 

sote; easily extinguished. 
Burned freely; extinguished 
with difficulty. 

Ignited with difficulty; burned 
poorly; easily extinguished. 

Did not burn freely; easily ex- 
tinguished. 

Burned freely; difficult to ex- 
tinguish, 

Burned like 
bolineum., 

Burned like coal-tar creosote, 
but not so freely. 

Do. 
Burned like creosote. 
Burned freely; dense black 
smoke. 

Avenarius car- 

| Burned like coal-tar creosote. 
Burned freely; black smoke; 
rathereasy to extinguish. 

Burned freely; difficult to ex- 
tinguished. 

Did not burn as well as creo- 
sote; easily extinguished. 

Burned very freeiy; very diffi- 
cult to extinguish. 

Did not burn freely. 
Burned like coal-tar cresote. 
Burned very freely; very diffi- 
oe to extinguish. 

te) 
Hard to ignite; burned poorly; 
epaly extinguished, 

0; 

Do. 
More difficult to burn than 

zine chloride. 

More difficult to burn than 
B. M. preservative. 

Burned like zine chloride. 
Burned freely; white smoke; 
hard to extinguish. 

1 Woods treated with salts were ignited as soon as their moisture content was reduced by air-seasoning 
to 6 per cent, usually about 2 weeks after impregnation. 

2 See footnote 1, page 11. 
For absorption of preservatives, see Table 3. 

Notre.—All salts burned for less than 3 minutes; all oils burned for 3 minutes and were then extinguished. 
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TABLE 6.—Corrosive action of the preservatives. 

Loss in weight of flange 
: Steel after immersion in 

ee Preservative designated by cooperator as— preservative for 4 weeks 
MASE at 98°C. in ounces per 

square foot per week. 

R 

| are ee ere Coalstaricreosote: - 2. ocesetc scene neceecn aeceesete sce - seeeaee. Less than 0.005. 
2... +) CoaletariCreosole«WraCtlOm las os aaa. poesia os sae eee eee Do. 
3 Coaltariereosote; Fraction Es... =. .sSsec teres. oc cee clean ee | Do. 
4 Coml-taricreosote sb Taction eel =a" s<s ee senere: Aneta ceheee ee | Do. 
5 Coal-tar- Creosote) BrAGhion UV sas 52 S2 eee seme trarsiaiereise Sere eee ciate | Do. 
6 Coaletar. creosote, Hracblone Vises sea eee ee eee e see ne eee | Do. 
vies Water-gas-tar creosote, 1.051 Do. 

5 Water-gas-tar creosote, 1.012 Do. 
Water-gas-tar creosote, 1.07.........-...- | Between 0.005 and 0.010. 
BRanECarbolimMeun: s.sehsseeeree (eacesseose come ean seats | Less than 0.005. 
AcVenariis canboOlneumM.samecee a. seeed emacs Se cecee eee cen e Between 0.010 and 0.0285. 
CAs; WOOd! DICSCrVel2 Sss6 ace o- as asas-caapee cs ceneeemee seen Less than 0.005. 
ard wood tare 2.2. oka as Pee Mee aS es ae Between 1.900 and 2.000. 
IWi0Od tar: (Douglas: fit) * see S652 eo eee eee cee ae eer Between 1.200 and 1.300. 
Beechwood creosote. .. -....--5---scccenesccs-cseeceecceese-----| BeLween 0-400 and:.0.450: 
SpPIMttines seers See eRe eee ores eee ee eee Between 0.200 and 0.259. 
IBTOSELV Olina roe See ee eee a ee cee eee eee | Between 1.100 and 1.200. 
(WiOOG" creosote Oia. 3565 eet n emnin tse sac cee tenance teense No tests made. 
imp erasphal teers ness esas oe ae a ee ee ae oe Re ' Between 0.050 and 0.100. 
Copperized oil | Less than 0.005. : 
ue toilet ee. eee Do. 
Kerosene Do. 
Zinc! chioride, 2:4: percent s- ae s2c.5c 522 se ene se eceereees Shee sec Between 0.300 and 0.350. 
Zime-sulphates4:5 per Cent =. ease sah ose os tecere deine eke eee Between 0.100 and 0.150. 
Zinc sulphate (by-product), 7.2 per cent ......-..........-.---- Do. 
B. M. preservative, 2 per cent zinc and 1 percent alum sulphate...) Between 0.700 and 0.750. 
Sapwoodiantiseplics Sa. cite oececsicenececieisiecec ce caeeemanceenioe Not tested quantitatively; 

copper all thrown out in 
a few minutes. 

Dee. Sees. DOG SILICA tee sexes sm Sees ene rete terre ersten or ps ee eee Decomposed at tempera- 
ture of test. 

Bo Sette eo SOGIUIMEATIORIGE ak CI COM Gees: cae tasers tere ete ese Between 0.025 and 0.050. 
SO eae Bo tacs resoliGal ium ccs k seers eae Se = Pays etre eo Nee te eee Less than 0.005. 

TABLE 7.—Discoloration of wood treated with preservatives and painted. 

Preservative Preservative designated by Condition of painted surface after exposure 
No. cooperator as— for 1 month. 

Sn cote a rcin Coal-tar' creosote... ..2...--s2222-5e6- 2c Very badly discolored and paint not dry. 
Dooct Oa Coal-tar creosote, Fraction I..........- Slightly yellow in spots; paint dry. 
Bees Ssiae Coal-tar creosote, Fraction Il......... Very badly discolored; paint nearly dry. 
: ee eee Coal-tar creosote, Fraction III......... Do. . 
epee. see Coal-tar creosote, Fraction IV.-.....--. Do. 
Gre ceca sce Coal-tar creosote, Fraction V.-...-....- Very badly discolored; paint not dry. 
| eee Water-gas-tar creosote, 1.051........-- Very badly discolored, and sticky in spots. 
Sifcc So aes Water-gas-tar creosote, 1.012........-- Slightly discolored; paint somewhat sticky. 
Oe asset Water-gas-tar creosote, 1.070...--.--.-- Very badly discolored; paint not dry. 
3 ee ee Debs Be Carbolmenim. 3 aceee nace eee se Do. 
i Le eee Avenarius carbolineum..........-...- Do. 
i 7 es C. A. wood preserver......------------ Do. 
2 ere ard wOOdwtane se eos. occ ceuercee uae Do. 
1 eee ee Wood tar (Douglasfir)....:-::.--....: Do. 
Bere ee: Beechwood creosote.....-.---.-----.-- Discolored gray; oil penetrated paint coating in sev- 

eral pees 
TG: as DIRLGE INO siekteoncih eae eee ee eee eee Slightly discolored; paint sticky in spots. 
2 hater eee Preservl. ofS seach: soe b sete oeeea Paint discolored and collected in spots, leaving sur- 

face partly bare; still very wet. 
aS pe Seca eae Wroodicreosote:cilys as 2aseee eres Badly discolored; paint not dry. : 
Bs arrears Mim berasphaltos 2S... <5. geen oe Very ee discolored; paint dry, but did not stick 

to wood. 
bi ae ae Copperizedioll sy cccte men ones Anes Discolored; paint somewhat sticky. 

hts aateleiSaic ci Buieloil ic). Sac Ss eee see cece ae asec Slightly yellow in spots; paint slightly sticky. 
D2) Se S252. TCPOSON GE seme te somee oo ero see eee Slightly yellow in spots; paint dry. 
ye Cee Zinerchloride ses = i ater te | eee se Appearance similar to untreated specimen. 
7 ee Zine sulphates oe aie ee eee Do. 
2On fs ioc ee Zinc sulphate (by-product).........-- Do. 
PES Ss econ Bz ME DLCSCEVGLIVION. cocci Secs ae Do. 
Bias Melos te Sapwood antiseptic...-.-..--....-...- No test made. 
Poise cant Sodtim: Silica lets = see. sae ee Slightly discolored. 
7S See nae SOG AUOMMe ase. e-em esas Appearance similar to untreated specimen. 
BO noc eeantes J Cresolicaleinmy: S22 soe ieee eee Discolored, pale yellow, and somewhat sticky. 
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By Wittram R. Meavows, Cotton Technologist. 

INTRODUCTION. 

At the request of the farmers living in the neighborhood of Charles- 
ton, S. C., forwarded through the Chamber of Commerce of Charleston 
to the Department of Agriculture, an investigation of the market and 
economic conditions in the Sea Island cotton industry was made by 
the Office of Markets during August and September, 1913. The ex- 
tremely low price that prevailed, which was probably below the cost 
of production, the large stock carried over into the succeeding year 
in spite of the very small crop, the indifference of buyers due to lack 
of orders, indicated a condition of crisis which called for a thorough 
examination of, and an impartial report on, the condition of the 
industry. The field of this investigation was not limited to Charles- 
ton and the islands adjacent thereto, but was extended to include 
the Sea Island cotton districts of Georgia and Florida and to nearly 
all the American mills that spin yarns from this kind of cotton. 
Although Carolina Sea Island cotton is nearly all exported, it was 
impracticable to visit foreign countries to interview the manufacturers 
using it, hence this report does not cover completely the consumption 
of the Carolina crop. 

The object of this paper is to set forth as concisely as possible the 
results of this investigation. It is in no sense a treatise on agri- 
culture.! 

STATISTICAL REVIEW. 

A study of the tables in the appendix to this report indicates that 
the unsatisfactory condition of the Sea Island trade was due to under- 
consumption rather than to overproduction. By reference to Tables 
I and III, it will be seen that the crop of 1911-12 was 122,744 bales,? 

1 Those interested in the agricultural phases of the subject are referred to Farmers’ Bulletin 302, U. S. 

Dept. Agr., by W. A. Orton, entitled ‘‘Sea Island Cotton: Its Culture, Improvement, and Diseases.’’ 

2 Gordon’s figures obtained from Table I of appendix. 

Note.—This bulletin discusses the economic conditions in the Sea Island cotton industry in South 

Carolina and the islands off the coast and also in portions of Georgia and Florida. 

58390°—14—_1 
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averaging about 400 pounds each, which is next to the largest yield 
onrecord; that the average price per pound for Georgias and Floridas 
was 20.41 cents ! and for South Carolinas 23.73 cents; that consump- 
tion was unprecedented at 123,145 bales,? and that the season ended 
with a small stock, 5,533 bales,? carried over. 

The crop of 1912-13 was only 73,777 bales, averaging about 382 
pounds each, of which only about 68,080 * reached the chief interior 
markets and seaports. The average price of Georgias and Floridas 
was 19.50 cents and for South Carolinas 25 cents. Consumption was 
only 58,019 bales,” and the stock at the end of the season stood at the 
highest figure on record, 15,639 bales.® 

It will be noted that the crop of 1912-13 was, roughly, three-fifths 
of that of the preceding year, that prices were lower, and that exports 

decreased fully 20 per cent from those of the previous year. Attention 
is called especially to the fact that the American takings of Sea Island 
for 1911-12 were 102,846 bales,? against 41,899 ® for 1912-13, a de- 
crease of nearly 60 per cent within a year. When calculated on the 
percentage of the entire Sea Island crop purchased by American mills, 
the takings show 83.79 per cent for 1911-12 against 56.79 per cent 
during 1912-13. 

EGYPTIAN COMPETITION. 

A glance at Table IV, which shows the imports of Egyptians into 
the United States, will demonstrate that no great increase has been 
made in the importation of that cotton by domestic mills. While the 
year 1912-13 exhibits an increase of about 6,400 bales over the year 
before, imports are 1,548 bales less than in 1910-11. In other words, 
the importations of Egyptian cotton into the United States were 
practically uniform during the past three years. 

As Egyptian bales usually weigh about 750 pounds each, while Sea 
Island bales average only 382, it is necessary to reduce both kinds 
of bales to a common unit of weight for the purposes of comparison 
and addition. Accordingly, the usual 500-pound bale has been 
adopted. Table V is presented in this connection and shows the 
actual consumption of the various commercial varieties of cotton in 
the United States for the years 1911, 1912, and 1913. It is difficult 
to reconcile this table with the tables showing spinners’ takings, and 
no attempt is here made to do so, but the figures of Table V are 
accepted as true and accurate, as they were issued by the Census 
Bureau after careful investigation. From this table it may easily be 
determined that the total consumption of Sea Island and Egyptian for 
1912-13 was 243,118 equivalent 500-pound bales, against 256,293 for 
the year 1911-12, thus showing a decrease of 13,175 bales in the con- 
sumption of extra-long staple in the United States during 1912-13. 

2 Obtained by adding American consumption and exports; Gordon’s figures. 

3 Gordon’s figures obtained from Table I of appendix. 
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During this same year the consumption of Egyptian increased practi- 
cally 21,000 bales (500-pound equivalent), and consequently it may 
be concluded that not only the entire loss in consumption of extra- 
long staples but the increase in Egyptian was at the expense of Sea 
Island. - 

CAUSES OF DECREASED CONSUMPTION. 

In looking for the causes of this lack of consumption many reasons 
have been advanced by those engaged directly in growing or in selling 
or in manufacturing Sea Island cotton. The reasons given by differ- 
ent interests sometimes conflict, and mistaken ideas have been 
advanced in a few instances, but there is substantial agreement among 
all interested parties as to the essential facts in the case. 

There is room for a difference of opinion as to the relative impor- 
tance of the different causes for the falling off in demand for extra- 
long staple, but it seems reasonable that all of the following causes 
have contributed toward the diminished use of Sea Island cotton: 

(1) The deadlock of 1912-13.—In dealing in Sea Island cotton there 

is no “futures” market, as there is for Upland or Egyptian. Spinners 
desiring to purchase their supplies against sales of yarn, which are 
frequently made for a year in advance, must buy Sea Island cotton 
outright, or else find some dealer who is willing to assume that risk, 
and sell contracts for the delivery of a definite number of bales per 
month during the time covered by the agreement. 

In September and October of 1912, early in the cotton season, 
spinners were buying Sea Island at the prices then prevailing, paying 
about 23 cents for Extra Choice Georgias. The demand was not 
strong, but the crop was late and there was no pressure to sell, so 
prices were easily maintained. Then in November came the Census 
Bureau’s report indicating a crop of approximately 70,000 bales for 
the year. The better-informed farmers and small dealers decided that 
the crop was short and that the price would advance, so they resolved 
to hold for higher prices, which resulted in an immediate advance in 
the primary asking price of 2 or 3 cents per pound. Accordingly, the 
cotton buyers and exporters found themselves unable to buy cotton 
at the price which spinners were willing to pay, and they therefore 
refused to sell spots or to make contracts with mills for future delivery 
at the prices which millmen offered. In short, there developed a 
deadlock in the market beginning in November which lasted until 
early spring. 

The spinners, who considered their margin of profit as already 
narrow, regarded this advance as an imposition on them by specu- 
lators and turned to other sources to look for their supply of raw 
material. They had already been experimenting with the new 
Egyptian variety known as Sakellaridis, and naturally turned to that 
and to brown Egyptian for their supplies of cotton. They bought 
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not only for their immediate needs, but in many cases for 6, 8, and 

12 months in advance, thus closing the usual outlet for Sea Island. 
There is no doubt that spinners felt that they had a just cause of 

complaint against the holders of Sea Island cotton, and that they 
acted more or less in the same way in protecting themselves from the 
danger which seemed to them to threaten their business, but sufficient 
evidence has not developed to sustain the charge that spinners 
united to fix prices. From their point of view, the spinners had 
Keyptian cotton offered in quantities to supply their year’s needs 
and at prices and on terms more satisfactory than those offered by 
the holders of Sea Island, so the spinners bought the Egyptian cotton 
and left the holders of Sea Island free to find whatever market they 
could for their commodity. This market did not develop before the 
end of the season, September 1, 1913, and in spite of the short crop 
of only 73,777 bales, more Sea Island cotton than ever before was 

carried over into the new crop year. 
(2) The competition of Sakellaridis —Aside from any hitch in the 

usual methods of buying and selling Sea Island such as occurred 
during 1912-13, it was bound to meet sooner or later the competition 
of the new Egyptian variety known as Sakellaridis. This variety is 
more similar to Sea Island than are most other varieties of Egyptian 
cotton, and is more vigorous and productive than Sea Island. Its 
staple is about 14 inches in length, and it is comparatively uniform; 
it is somewhat coarser than Sea Island and does not mercerize as 
well; it is harsher and less elastic, but it has fully as much strength 
as a good quality of Georgias and is decidedly stronger than the 
lower grades of American Sea Island. Where strength is the chief 
element to be desired in a yarn or cloth, as in sewing thread or tire 
cloth, Sakellaridis seems now to be preferred, but in mercerized goods 

and in high-grade hosiery and underwear Sea Island is still commonly 
used. At the beginning of the deadlock in November, 1912, Sakel- 
laridis was about 2 cents cheaper than Sea Island; on August 30, 1913, 

it was being quoted at 3 cents above Georgias and Floridas. The 
following are some of the reasons given by spinners for preferring 
Sakeilaridis to Sea Island: 

(a) It is manufactured with less waste than the corresponding 

grade of Sea Island, usually some 4 or 5 per cent. 
(6) it works better in the card room, but some spinners claim that 

this advantage is offset by less production in the spinning room. 
(c) It makes stronger yarn and strenger cloth. 
(d) Itis bought on a net weight basis, and is paid for 10 days after 

the receipt of the cotton. Sea Island is sold on gross weight and 
usually f. 0. b. cars at southern markets, with sight draft attached to 
invoice. This results in its being paid for about 30 days before it is 
received at the New England mills. 
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(e) Having once introduced Sakellaridis cotton to make a given 
line of goods, it is a hard matter to change to another cotton which 
may be just as good. The customer usually grows suspicious when 
the mill changes the appearance of its goods, and he must be argued 
with and coaxed into taking the goods. For this reason, if for no 
other, a mill prefers to run on the same kind of cotton all the time, 
and it is as difficult to turn back to Sea Island as it was to turn from 
Sea Island to Sakellaridis. 

(3) The detertorated quality of Sea Island cotton.—Another cause for 

the lessened use of Sea island is that its quality is not so uniform 
and good asit was formerly. ‘‘It hasrun down.” ‘That it has dete- 
riorated is admitted on all sides. There can be no question of the 
fact. Some of the causes of this deterioration are not hard to dis- 
cover, while perhaps others have escaped notice. The most serious 
cause of deterioration in the interior regions has been the refusal of the 
Carolina growers to sell planting seed to others. This decision not 
to sell planting seed came about as the natural resuit of the situation 
in which the planters found themselves. In 1902 the culture of Sea 
Island cotton was introduced in the West Indies. Seed was bought 
from the best Carolina plantations, and some of the expert Carolina 
growers were hired to teach the people of St. Vincent, Antigua, the 
Barbados, and other islands how to raise and prepare this crop for 
market. The effort to grow the cotton in the West Indies was suc- 
cessful beyond expectations, and within five or six years the Caro- 
lina farmers commenced to feel the West Indian competition. They 
resolved to quit selling seed to anyone—not only to the West Indies, 
Florida, and Georgia, but also to their fellow islanders. The small 
farmer on the islands, if his seed was not good, could not buy the 

better quality or the more prolific seed of his neighbor. He was 
forced to plant such seed as he had, be it ever so inferior, or else to 
turn to Upland cotton or to truck crops. As a matter of fact, many 
farmers have turned largely to Upland cotton. James Island, S. C., 
had more than 100 acres planted in Upland cotton in 1913. Johns 
Island and Wadmalaw Island had more than half of their cotton land 
planted in Upland seed, and Edisto Island had nearly as much Upland 
as Sea Island planted. Here at the fountainhead of Sea Island cul- 

ture short cotton had been introduced and was being grown in ad- 
joining fields and in many instances in the same field. Cross pollen- 
ization by various means, including bees and other insects, rendered 
it practically impossible to keep varieties pure and up to the old high 
level of quality. No matter how careful and expert the Sea Island 
cotton planter might be, he labored under a serious handicap on ac- 
count of the nearness on all sides to Upland short staple. The result 
has been, as was to be expected, a general deterioration in the qual- 
ity, through hybridization, even in the most favored section of the 
Sea Island producing area. 
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The refusal of the Carolina planters to sell their seed to Georgia 
and Florida growers has likewise resulted in a general deterioration 
in the quality of the Sea Island cotton grown in those States, which 
is, in reality, 90 to 95 per cent of the Sea Island crop of the United 
States. It has been the custom for years for the farmers of this sec- 
tion to renew at least once in three years their planting seed with 
fresh stock from Carolina. They seemingly did not rely on a seed 
selection from their own fields to keep up or to improve the quality 
of their cotton, and it is even now commonly believed that ‘‘Sea 
Island runs out when planted in the interior or away from the islands 
of Carolina.”” There can be no question about the deterioration of 
Sea Island cotton when left alone under usual farm conditions or 
when no seed selections are made; but this deterioration is just about 
as marked on the islands of South Carolina when seed selection is 
neglected as it is in Georgia or Florida. Soil and climate, of course, 
influence the kind and amount of lint, but it seems that the chief 

element in determining the character of the preduct is the kind of 
seed planted.t. The great difference in status between the Carolina 
planters on the one hand and those of Georgia and Florida on the 
other is primarily due to the fact that the former have practiced 
intelligent seed selection for many years, whereas the latter have been 
content to buy the best planting seed that was obtainable. About 
four or five years ago, when the Georgia and Florida growers found 
that they could no longer obtain fresh seed from Carolina a few of 
them began to make their own seed selections, with very gratifying 
results, as is shown by the fact that in 1912 one Florida farmer sold 
his cotton at 47 cents per pound, which surpasses the price paid for 
some of the extra fancy cottons marketed at Charleston. 

But the great mass of Georgia and Florida farmers continued to 
plant such seed as they had or else the seed which they bought was 
of inferior quality, and the result has been a gradual reduction in the 
length, uniformity, and strength of the staple. Climatic conditions 
during the growing season of 1912 were adverse, and the quality of 
the cotton was still further lowered. To the New England spinner 
these are altogether undesirable qualities in cotton. They have meant 
to him a depreciated value for the home product and, as has been 
already shown, have rendered the introduction and substitution of 
Sakellaridis a matter easily accomplished. 

(4) Change in styles and enforced economy of production.—‘ Troubles 
never come singly,” and certainly this was true with the Sea Island 
trade during the year 1912-13. Aside from the troubles already 
enumerated, but possibly growing out of unsettled business condi- 
tions, there was another the influence of which it is hard to overesti- 

mate. This was the question of style, coupled with that of economy. 

1Cook, O. F. The Relation of Cotton Buying to Cotton Growing, U. S. Department of Agriculture, 

Bulletin 60, p. 12. 



SHA ISLAND COTTON INDUSTRY. Te 

Manufacturers reported that the style for women’s dress goods had 
changed from soft, smooth, lustrous cloths, composed of fine yarns 
and of high counts per inch of both warp and woof, to coarser, rougher 
effects with fewer threads per inch in the woven fabric. On account 
of the change of style in women’s wear, shirt-waist and petticoat 
makers had been almost driven out of business and no longer re- 
mained important factors as consumers of fine goods. 

_ Such changes in style are of course reflected in the kind of cotton 
purchased and, as might be expected, the cheapest quality that wili 
answer the purpose is generally bought. The result has been a 
eradual scaling down in the length of staple being used in the fine 
goods trade. . The longest and finest cottons have felt the effect of 
this tendency most keenly and, compared with former standards of 
price, have been sold at the greatest sacrifice. 

Closely associated with style is the insistent demand of those whe 
place orders with mills for cloth that the price must be at the lowest 
possible quotation. In the sale of many lines of goods manufacturers 
reported that the price is the sole consideration, and the mill quot- 
ing the lowest price receives the contract regardless of the quality of 
its goods. As competition had been keen, mills were forced to accept 
these low-priced orders and had then striven to cheapen their prod- 
uct in order to make a living profit. The chief means of cheapening 
the cost of manufacture are the use of either cheaper raw stock or 
coarser yarns, or both of these ways combined. In many instances 
both of these remedies have been apphed in the recent past, resulting 
in a coarser, rougher, and more porous style of goods. In a way 
this cheapening of the cost of production resulted in or helped toward 
the change of styles, as previously noted, as the arbiters of style are 
dependent upon goods they find at hand in sufficient quantities te 
give a ready supply of cloths for their requirements. 

Another factor to be reckoned with in the cheapening of the cost 
of production is improved cotton-mill machinery. With the improve- 
ments of recent years, especially since the introduction of combers 
that can successfully comb even Upland cottons, manufacturers can 
use shorter staples in their product and still have it look sufficiently 
attractive to be accepted by the average purchaser. The large use 
of the shorter staples, especially of 145 and 14 inch cottons, for comb- 
ing has correspondingly lessened the demand for the longer varieties, 
1,%;-inch and longer, and has been partly responsible for the lower 
prices at which the extra staple cottons have sold. 

TIRE CLOTHS AN IMPORTANT EXAMPLE. 

In the manufacture of automobile tire cloths the tendency to reduce 
the cost of production has been especially noticeable. Only a few 
years ago the best grades of Sea Island cotton were considered none 
too good for the purpose. Prices and quality were maintained, and 
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the tires were sold under a guaranty as to lasting qualities. Then 
came competition and a cheapened product. With retail prices for 
tires cut almost in half, the quality of the cloth used in making them 
has in most cases deteriorated, and the wearing qualities of the tires 
are frequently not guaranteed. It was reported as quite common 
in the manufacture of tire cloths for some mills to use the lowest 
grades of Sea Island or brown Egyptian. Upland long-staple and 
even 1+'-inch cotton were also being used to a degree for this purpose, 
and in one instance the substitution of comber waste from Sea Island 
cotton was reported. Sakellaridis and good quality Sea island are 
still used to a limited extent in the manufacture of tire fabrics, but 
the bulk of this product is from the lower grades of the long staples, 
especially Egyptian. 

This shifting of the tire-cloth trade largely to other cottons has 
almost closed the largest outlet for Sea Isiand consumption and is a 
serious menace to the very existence of the Sea Island industry. 
However, the final word has not yet been said in the tire-cloth business, 
and it is still possible that the wearing qualities of tires constructed 
from low grades of cotton will prove unsatisfactory to their users and 
that there will be a return to the old standard of quality in tires. 
Should such a demand spring up, it would probably mean a return to 
the more elastic and more pliable cloths made of high-grade Sea 
island cotton formerly used in the manufacture of tire fabrics. 

Briefly summarized, the market situation for the year 1912-13 was 
extraordinary. The next to the smallest crop for the past 15 years 
did not go into consumption, although the price was 1 cent per pound 
lower than that of the very large crop of the year before. Considering 
the size of the crop and the cost of production, the price was certainly 
low enough to warrant a sale, but Egyptian and Upland long-staple 
cottons acted as a substitute to such an extent that a very limited 
demand existed all the year for Sea Island. Itis true that the quality 
of Sea Island has deteriorated within recent years, but possibly undue 
emphasis is laid on this derioration and not enough stress is put upon 
the many excellent qualities still to be found in Sea Island. Market 
conditions were affected by tariff changes and by changes in the 
style in women’s wear and by changes in the fine-goods trade, and in 
all of these regards Sea Island cotton was the chief sufferer. 

CONDITIONS AMONG PRODUCERS. 

Turning from the unusual market situation which existed during 
the year 1912-13 in the Sea Island trade, it is necessary to consider 
some of the economic conditions and practices of those engaged in 
growing and handling this cotton. Here a distinction must be made 
between the ‘‘island,”’ or South Carolina, planters and those in 
Georgia and Florida. Conditions in these two sections are so dissimi- 
lar that they must be dealt with separately. 
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CAROLINA CONDITICNS. 

To understand the present situation among the Carolina Sea Island - 
farmers, it is well to start with them in the days of their prosperity 
before the Civil War. Then they owned slaves and grew a fine grade 
of cotton, for which there was a ready sale generally at remunerative 
prices. They were prosperous and independent and as a rule shipped 
their cotton to factors in Charleston, who sold it on commission and 
paid the proceeds over to the farmer, or acted in the capacity of a 
bank for him and paid his checks when presented. After the war the 
negroes did not desert the plantations, but as a rule continued to work 
on the farms, and many are still working there, on the ‘‘task’’ system 
of slavery days. In financing their business after the Civil War the 
planters naturally turned to their old friends, the factors, who con- 
tinued to advance them on open account the money and supplies 
necessary to make the crop. 

To make a long story short, the Civil War was only an interruption 
in the island farmer’s business. He continued to raise cotton with 
free labor instead of slave, but otherwise there were but shght changes. 

During the years from 1865 to 1880 the prices for Carolina cotton 
were profitable, and South Carolina raised more than one-third of 
the total Sea Island crop. Its average production was somewhat 
less than that of Florida, but was far in excess of that of Georgia. 
This lead over Georgia was maintained until 1889. During these 
years the importations of Egyptian cotton were almost negligible, 
and American markets set the price for extra long-staple cotton. 

As long as Charleston and Savannah continued to be the chief 
markets for extra staple cotton, prices remained reasonably satis- 
factory to the farmers. But with the rapid increase in the Georgia 
crop and with the great increase in the quantity of long staple grown 
in Hgypt, these cities lost their prestige as long-staple markets 
and no longer fixed the price for this kind of cotton. With a change 
in buying methods, accompanied by the rise of interior markets for 
Sea Island, the price began to fluctuate between wide limits, but 
as a rule it has been much below the farmer’s idea of value. This 
decline in price at Charleston did not bring about better methods of 
farming or any visible cheapening of production, but, on the con- 
trary, the cost of production has constantly tended upward over the 
Sea Island area, as it has done for other commodities over the rest 
of the Union, until now the cost of growing Sea Island is fully 50 - 
per cent higher than it was in 1896. The increased cost and lower 
selling prices have resulted in most cases in the farmers becoming 
involved in debt to the factors. Indeed, it is commonly reported 
that fully 80 per cent of the Carolina Sea Island crop is now raised 
on money advanced by factors, and in many instances in the past 
three years each succeeding crop, instead of reducing, has added to 

58390°—14——2 
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the farmer’s debt. At current prices, the crop of 1913 was probably 
no exception to the rule, and left the producers poorer for having 
grown it. 

THE SYSTEM OF MARKETING AT CHARLESTON. 

The structure of the market system at Charleston is the same now 
that it has been for many years, and is similar to that formerly found 
at most of the other leading cotton markets. It consists of cotton 
buyers, factors or commission merchants, and warehousemen. The 
buyer at Charleston does not buy from the farmer, but only from 
the factor. In theory the factor acts as the selling agent for the 
farmer and receives a commission on sales. He never sells directly 
to the mills, but only to cotton buyers. But, in fact, the chief busi- 
ness of the factor is to advance money and supplies to farmers to 
enable them to make their crops and to collect these accounts when 
due. He is the money lender and is indispensable when the farmer 
is in debt or has insufficient capital for the year’s needs. The num- 
ber of acres planted in cotton by a man measures in a rough way the 
amount of the advances a facter is willing to make to him on his 
crop, and this fact accounts for the persistence of many in growing 
cotton under present low prices. Warehousemen simply receive a 
storage fee and are not concerned in the actual buying or selling of 
cotton. The system is good in theory, and was formerly much 
more general, but its inflexibility is regrettable, and in many cities 
outside of the Sea Island section this has led to great changes in 
practice or to the entire abandonment of the system. 

There are some unfortunate conditions and practices existing in 
and around Charleston which are detrimental to the Sea Island 
trade. These have the sanction of precedent or custom and are 
therefore hard to change or eradicate. 

CENTRALIZATION OF MARKET CONTROL AT CHARLESTON. 

Perhaps one of the most notable of the local conditions is the fact 
that a single firm of cotton buyers usually purchases over three- 
fourths of the Carolina crop. Four firms of factors make practically 
all of the advances toward raising the crop. The firm of buyers 
and all four of the factors do their banking with the same institu- 
tion. The cotton-buying firm is represented on the directorate of 
the bank. The potential power of a firm of cotton buyers in such 
a, position is, of course, great; and it matters not how square the 
relation between the cotton buyer and the bank is or may have 
been, there are always many who will suspect that the firm’s connec- 
tion with the bank is being used to a seifish end. 

Under ordinary conditions in the cotton trade, farmers would be 
in a position to meet such a situation by offering their cotton through 
other brokers or to other cotton buyers. But in Charleston this is 
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not an easy matter, as they deal in a specialized commodity which 
is taken chiefly by the export trade. Their product goes largely to 

the spinners of Europe, who are thoroughly organized; and when 
cotton is offered spinners direct they have replied, ‘‘Consult our 
agent in Charleston; he represents us.’’ ‘To ship Charleston cotton 
to other of the Sea Island markets would mean placing the ‘‘island”’ 
quality on a level with Georgias and Floridas and would result in 
a loss in price of 4 or 5 cents a pound on the basis of Charleston 
sales. Possibly the only feasible relief would be direct consign- 
ments of cotton which is free from debt to brokers in Liverpool. 
Such action might bring reasonable returns for the extra trouble, 
and at any rate would prevent a farmer from feeling that he was 
being imposed upon by a combination of buyer, banker, and factor. 

CULTURAL METHODS EXPENSIVE. 

The task system which has been the custom so long seems to be, as 
administered now, an unsatisfactory way of getting a day’s work for 
a day’s pay.. Planters have asserted on more than one occasion that 
a laborer could finish his allotted task by 9 or 10 o’clock in the morn- 
ing and was then idle for the rest of the day. Granting that work 
was commenced at 4 a. m., only six hours at the longest have elapsed 
before quitting time. Such a period is much shorter than for farn 
labor in other sections of the cotton belt and is inadequate to main- 
tain the farm in a state of prosperity. 

Another economic question is the excessive use of the hoe in 
making crops on the islands. Hand labor is expensive at best, and 
it would seem doubly so under the task system, resulting in excessive 
cost in producing cotton. This result is clearly shown in both the 
statements as to the cost of growing cotton by the pound and by the 
acre. Bearing on the same point, it may be said that in Georgia and 
Florida, where all cultivation except two hoeings is done with the 
plow, the cost of growing cotton is about two-thirds as great as it is 
on the islands where hand labor is so largely used. It is true that 
conditions on the islands are different from those in other parts of 
the Sea Island area, but it seems that it is certainly worth while to 
make a trial of substituting horsepower for human power in the 
growing of cotton. 

TOO MANY KINDS OF COTTON. 

The diversity of kinds of staples and differences in length seem 
detrimental to the best interests of the island farmers, yet such 
conditions have perhaps always existed on the islands, or at least 
since the special varieties of seed were propagated years ago by 
intelligent selection. There can be no objection to a few planters 
erowing the extra-stapled Sea Island cottons if they choose to do so, 
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but it would not be advisable to increase the production of these 
extra staples under the present conditions. If all the farmers of any 
island would organize for the purpose of growing one variety on a 
cooperative community basis! and then keep their planting seed 
pure and the variety true to type, they would produce a product 
much better suited to the needs of a mill. Manufacturers could then 
rely on a supply of uniform quality and length and in sufficient 
quantities to make it worth while to turn their attention to it. To 
make such a scheme feasible it is necessary that the farmer having 
the most desirable cotton sell his seed to his neighbors until everyone 
is supplied. 

Perhaps the most desirable length for Carolina growers to select is 
about 1% inches, as such a length would remove the islands from 

4 

direct competition with 13-inch Georgias and Floridas. However, 

no exact information along this line has been obtainable, as the Caro- 
lina Sea Island is practically all exported, and this investigation has 
not extended to foreign milis and their requirements in cotton. 

PROSPECTS AND ALTERNATIVE CROPS. 

There are still good varieties of planting seed among the islands, 
there are expert cotton breeders, there are good judges of the length 
and fineness of lint, and there are many good farmers who, after a 
selection has been made, can grow successfully the selected variety. 
It seems that a trial along the line of uniform quality is worth while 
and is practically the only remedy that has suggested itself during 
the study of the Sea Island situation which hoids out a hope for a 
successful continuation. of production for this important crop. 

In this connection, it is well to bear in mind that no new informa- 

tion has been gained by this investigation as to the probable price at 
which Sea Island will sell in the future. During August, 1913, the 
demand was dull and prices were at or under the cost of production. 
Styles must change or business revive before any great advance in 
price can reasonably be expected. And in the meantime the Sea 
Island farmers must live. They have “a heritage from their fathers 
which they are loath to relinquish,” but it seems the part of expe- 
diency that they plant a large portion of their farms in food crops, 
set aside pasture lands, and pay more attention to beef cattle, hogs, 
and dairying. Truck farming, if proper shipping facilities can be 
arranged, would doubtless pay well. And while these other lines of 
agriculture are being tried out, a small amount of good land should 
be planted in an approved variety of Sea Island in order to keep 
pure seed for another crop in case the price again reaches a level 

Cook, 0. F. Cotton Improvement on a Community Basis, Yearbook, U.S. Department of Agricul- 

ture,1911. Brand,C.J. Improved Methods of Handling and Marketing Cotton, Yearbook, U.S. Departe 

ment of Agriculture, 1912. 
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where it is profitable to grow Sea Island in its native home. But 
until that time does- arrive, it is safest for the Carolina Sea Island 
planters to rely upon home-raised foodstuffs and necessities. 

THE APPROACH OF THE BOLL WEEVIL. 

The prospect for a continuance of Sea Island cotton as the money 
crop, not only of the islands but of portions of the mainland of South 
Carolina, and of Georgia and Florida as well, is rendered even more 

uncertain by the approach of the boll weevil. At its present rate 
of progress this pest will overrun the entire Sea Island area in from 
five to eight years. Those best posted on the nature and habits of 
this pest are agreed in saying that it may put an end to the profitable 
production of Sea Island cotton. Over this entire area the winters 
are especially mild, the atmosphere is humid, and the hibernating 
quarters abundant, all factors tending to increase the number of 
weevils. As Sea Island cotton requires a long growing season and 
matures late in the fall, 1t will be especially lable to damage from 
the ravages of this insect. It is none too early for the farmers, espe- 
cially on the southwestern border of the belt, to begin looking for 
substitute crops for Sea Island. 

CONDITIONS IN GEORGIA AND FLORIDA. 

A study of the Sea Island situation in Georgia and Florida develops 
the fact that conditions are very similar in these two States, and 
they may therefore be considered together. Georgia perhaps grows 
its Sea Island somewhat more cheaply than Florida does, but the 
difference is so slight as to be negligible. 

Florida was for many years the leading State in the number of 
bales produced, but since 1890 Georgia has taken the lead in pro- 
duction and now largely exceeds Florida and South Carolina com- 
bined. : 

In all three States the crops are made chiefly by negro labor, but 
in Bulloch County, Ga., especially, and to a less extent all over the 
Georgia area, white labor is largely used. Here farmers owning 
1,000 acres or more go to the fields along with their wage hands and 
do the same work that they expect their employees to do, and see to 
it that they get the work for which they pay. About two thirds of 
the cultivated land is planted in cotton, the other third being de- 
voted largely to corn, but some truck crops, especially watermelons, 
are grown. The farmers have corn and home-raised pork to sell 
and are self-confident and reasonably prosperous. They think 
that they can make a living out of Sea Island at 20 cents per pound, 
but that there would be no profit to them at such a price, and that 
it would be preferable to grow Upland cotton at 10 cents per pound 
rather than Sea Island at 20 cents. 
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UPLAND CROWDING OUT SEA ISLAND COTTON. 

. In most of the Georgia and in much of the Florida Sea Island area, 
either kind grows well, but Upland is encroaching on Sea Island in 
every county in which both are being grown. The reasons usually 
given for this preference for Upland are that its yield is greater, that 
it is less easily ruined by storms, that it is much easier to pick and 
to gin, that there is always a ready market for it, that it is less 
exhaustive to land, and that upon the whole it is just about as profit- 
able as Sea Island. 

In both Georgia and Florida the Sea Island crop is made with the 
strictest economy in human labor, and, indeed, in some parts of Florida 

economy in labor is carried to the point of neglect. It seems that 
if crops there were worked better and fertilized more intelligently 
in some localities the yield would be so much higher that the costs of 
production per pound would be reduced. But in both States hand- 
work such as found in South Carolina is unknown. Cotton is thinned 
with a hoe, or ‘‘chopped to a stand,’’ and generally hoed once there- 
after, but all the rest of the cultivation is with plows or cultivators, 
resulting in a decided cheapening of the cost of production. 

INTERIOR MARKETING. 

The system of business for the interior market is different from 
that prevailing at Charleston, or at Savannah, which resembles 

Charleston in organization. The interior markets are of compara- 
tively recent growth and have few rules or traditions which must be 
complied with. In most of these markets some enterprising firm 
operates a modern gin. ‘The firm buys the cotton in the seed wher- 
ever it is offered for sale and ships it to its ginhouse to be ginned 
and baled. It is then offered direct to spinners by the ginning 
company. In case the ginner receives orders for cotton he does 
not have, he either buys it from some farmer who owns a gin or on 
the Savannah market. 

GOOD WORK OF GINNING COMPANIES. 

The ginning companies have been of great assistance to farmers 
in getting new and improved seed for planting purposes. It has 
already been explained how difficult it has been to get new seed from 
the Carolina islands during the past few years, but the ginners of 
Georgia and Florida have secured the best seed obtainable under the 
circumstances and have distributed it among their farmer patrons. 
They have shown the proper appreciation of their situation and have 
endeavored to remedy it. Jt seems probable that they will soon 
find access to an ample supply of Carolina planting seed that will 
produce at least a 13-inch staple of uniform length and of good 
strength. 
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MIXING SEED COTTON A PERNICIOUS PRACTICE. 

There is a practice quite common in these two States, and perhaps 
in South Carolina also, of selling cotton in the seed in small quan- 
tities, even in basketfuls. These small lots are supposed to be 
graded while in the seed-cotton condition and then each grade or 
lot kept separate until it is ginned. If grading is ever attempted 
it amounts to little, and it has become the custom to put all the 
lots in one pile and to gin and bale it, indiscriminately, all at the 
same time. The resulting staple is mixed and far from desirable 
to a spinner, but, strange to say, such lots of cotton are frequently 
accepted by mills at a price equal to or but slightly less than a well- 
selected and carefully handled cotton could be bought for. Such 
a statement sounds incredible, but 1t shows how imperfect are the 
methods by which many mills determine the character of the cotton 
which they purchase. It is a confusing situation to both planters 
and factors and has unquestionably encouraged careless methods 
of handling cotton. 

CONCLUSION. 

In conclusion it may be said that it is certainly desirable to the 
farmer now growing Sea, Island that it should continue to be one of 
his chief money crops, but only on the condition that it be a profitable 
one. It is likewise desirable to the American spinner that he should 
have a double source of supply for his raw material and that he should 
not be dependent on Egypt for all cottons of extra-long staple. This 
applies equally to foreign spinners who have not been lacking in 
appreciation of Sea Island extra staples. Thus, their interests being 
identical in regard to the desirability of continuing the production of 
Sea Island, it seems worth while to make an effort to reconcile differ- 
ences and to reach a working agreement on a “‘live and let live”’ basis. 
In furtherance of this end it might be advisable for the farmers’ 
organizations and spinners’ association to each appoint a small com- 
mittee to meet in conference at an early date and have a full and free 
exchange of views and each learn more of the conditions and needs 
of the other. Doubtless a better understanding could be reached, 
which would lead to mutual concessions and the forgetting of the 
deadlock of 1912-13, and the business of both planter and spinner 
might be greatly benefited by such an interchange of ideas. 
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Taste I.—Crops and prices of Sea Island cotton, 1865 to 1913, inclusive.' 

[These are average prices first cost Savannah for the average grade of Georgia and Florida cotton.] 

Season. 

VOL QR 18 = Sone men ee 

wen ec-sresee- 

1900-1 

1887-88.... 
TSS6=8 (ence e -ns sce 
1885-86 
1884-85 
1883-84 
1882-83 
1881-82 

Crop. 

Price 

South | Tex- ght 
fe ees Caro- | as, | Total. |Pound. 
ee | iinary, || cries 

Bales. | Bales.| Bales. |Bales.| Bales. | Cents. 
20,147| 39,557] 8, 376|...... 68, 080 20 
42, 484] 75, 138 pil 7] eee 122, 744 21 
98, 849] 45,646] 13, 416).....- 87, 911 28 
98, 711] 53,124] 14,821)...... 96, 656 27 
39, 045] 46,983] 15,392|...... 101, 420 18 
27,993] 44,694] 12,691|...... 85, 378 21 
20,170) 29, 413 8; O37 zaen- = 57, 620 30 
42, 437) 67,215) 13, 712|...... 123, 364 18 
32, 026| 58,471] 12,171|...... 102, 668 19 
98,005] 39,345} 9,359|...... 76, 709 23 
27,686) 62,451] 12,497|....-- 102, 634 19 
21, 323] 48,5381 8, 760)...... 78, 621 20 
24,793! 52,953| 8 369!._._.. 86,115 21 
29, 376| 60,369] 7,810|...... 97, 555 15 
21, 275] 40,306] ~ 5,623|...... 67, 204 11 
25, 468] 41, 440] -10, 211]... .-. 76, 119| 12 
25,927| 64,906] 11,039] 1,644] 103,516 14 
21, 664} 64,522) 10,010 991) 93,187 16 
15,176) 53,716 5,913 34| 74, 839 15 
19, 107| 39,367] 2,578|...... 61, 052 18 

5] 28,324) 7, 413)_..... 45, 422 21 
27,100} 11,443)...-.- 59,171 16 
96, 031|, 16) 267250... 68, 118 19 
12,431] 9, 299]..__.. 46, 841 24 
7,462| 9,552).....- 43, 903 22 
6, 254 8564) 2/22 oe. 39, 57 21 
6, 411 (31 B0| secs 45,137 18 
6,390] 7, 010|...... 37, 672 23 
8,075)- 12, 863). ..-.- 40, 925 26 
2,956 to Mt Hy (ee ees 25, 444 32 
3,126] 15,715} 29] 36,924 26 
6,049} 10,642 19] 38,552 24 
3,179} 14,845 8} 36, 442 28 
3,420] 9, 966)...... 26, 704 98 

131, 651) 61, 703} 102,984] 3,974] 300, 312)......-. 

Foreign exports. 

Great 
Brit- 
ain. 

Bales. 
10, 914 
13, 685 
13, 346 
20, 243 
15, 631 
19, 466 
13, 501 
24, 897 
23, 351 
24,188 
44,354 
25, 423 
26, 453 
38, 279 
26, 451 
33, 303 
47, 758 
42,391 
35, 091 
32, 647 
20, 647, 
24,915 
34, 293 
25, 984 
21, 245 
18, 665 
25, 216 
14, 748 
18, 422 
12, 166 
21, 565 
22,303 
20, 259 
13, 729 

240, 554 

Conti- 
nent. 

Bales. 
5, 206 
6, 615 
5, 808 
5, 145 
7, 241 

10, 718 

18, 247 

Ameri- 
can 
con- 

Total |sump- 
exports.| tion. 

Bales. 
16, 120 
20, 300 
19, 154 
25, 388 
22, 872 
30, 184 
19, 427 
34, 103 
31, 810 
31, 320 
54, 082 
31, 873 
31, 988 
46, 286 
35, 466 
42,130 
58, 431 
50, 063 
40,741 
37, 333 
22, 568 
27, 568) 
39, 116, 
28, 278 
23, 045 
20, 580 
26, 651 
16, 428 
21, 565 
13, 579 
93, 457 
24° 756 
21, 395 
17, 023 

258, 801 

Bales. 
41, 899 

102, 346 
64, 928 
72, 417 
79, 493 
52, 680 
38, 681 
90, 484 
72,153 
43, 558 
50, 524 
43, 650 
55, 422 
49, 543 
38, 654 
34,140 
40, 670 
40, 530 
34, 981 
24, 345 
22,911 
32, 093 
26, 651 
19, 142 
20, 336 
19, 685 
20,516 
19, 983 
17, 965 
11, 674 
13, 573 
14, 762 
11, 270 
9,389 

41,979 

1 The Office of Markets is indebted to Messrs. Gordon & Co., of Savannah, Ga.,for Tables I and II. Table 
T is presented in preference to the table by the Census Bureau, with which it is in substantial agreement, 

Table II gives greater detail because it covers a much longer period of time than the census figures do. 
than does any corresponding table issued by the Census Bureau. 
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TasLEe II.—Sea Island cotton statement from Sept. 1, 1912, to Aug. 80, 1913+ 

; Crop Crop 
Receipts. 1912-13. | 1911-13. 

Stock at Savannah and Charleston Sept. 1, 1912...........-.-.--.------------------- 5,533 5, 738 

Received at Savannah, net....-. Dp adosnnes Hes ebos heb 54--~ po eco sneuasdecsusosedds 38, 533 62,926 
INGoaina! a); Coal tsi: 5 See snA2 Sees ease BPABeneeeme nas He Sc cpeccomesseceessdeseos 8,375 5,122 
IRGEENV HE! AIF eGo ills See Sense ene bee SEE SEED aaa 5-505 Cc aCe eB ae eEaH os sass a sedee 11, 780 47,755 
RGUsiyodl mip ints ike a 3See sone Baeren a oo eeaaaesn. o> -c cosh oS Ss Ressare a eeceenEes 1,956 899 
Received at southern mills from interior, taken from advance sheets Cotton Record... 7,436 6,042 

TROVE 5 3 sh eee ace a Rr AU eta ST ae RL re 68,080 | 122,744 

73,613 128, 482 

To do- ¥ A To Great| To Con- 
Shipments. mse Britain SBE Total. 

Bales. Bales. Bales. Bales. 
ifivenen Spy yun N= (Ss 5 as deseosasess Paps pSEeESEbeeeEeD= “cesobee 18, 886 8,977 2,076 29, 939 
HEL G THEOL ATIES LOTS ete a ae ee rete Semen RIL ig 2 Seas 1,841 1,937 3, 130 6, 908 
Hromelacksonvale yee anos Serre lel ok be ekeeeeee ee TET BO) eres eins | sn Sereees 11,780 
FHT OTAM ES TANI S WAC Kean eet ise Selle ajar ans iajn's - v feeeeeeaee 1 OU PSR en anosn meres orp. 1,956 
OUMMIMNTETIOL= ns: Saree eee ae Se ee elees Rae MPR scr Cie Uses) | Bosesasoad paaeeasano 7,436 

Toy teet lepers ane cele a ee oan 2 oo ay ee 41,899 10,914 5,206 58,019 
Shinn® inlA Chenoa aaoos see OS Oke e SOSA See MMBEISE 55 oan ee> 102, 846 13,685 6,615 123, 146 

IDOOnGIGOs 4 ae Se NEES SaRee Soe cee ones aes Oe 60, 947 2,771 1,409 65, 127 

Stocks, August 30. 1913 1912 

Fn Sayyeritia neempenien en tare Myc Gc. Rainn cea ere is CE AR 13,717 5,078 
1) (Chavemn Swarts ie AS oe ee 5 Saas ce |i a ac 1,922 455 

TOM. 6 ba Bb beSs CONES Rete ss SNCS ae eRe = Ce etc odor ere eal ees Sea Nea 15, 639 5,533 

1 See footnote to Table I. 

TaBLeE II1.—Estimated average grade of Upland cotton, and average price of Upland, 
Sea Island, and Egyptian cotton.' 

Average price of cotton fiber per pound (cents). 

ee Estimated average grade of Upland cotton. Sea Island. 

Upland. | Egyptian. 

Florida. | Georgia South 
: 812. | Carolina. 

LOL Middling to strict middling. -..... Es spobee 12.05 19.50 19.50 25.00 19.7 
ii ieee Strict low middling to middling..-.-...-. 9.69 20. 41 20.41 23. 7. 18.75 
OID RS: meine 1eabG KoMbtayee Ie se amie on ce Metal is yee 14. 69 27.36 27.36 35. 62 22.25 
LGOG Nese [eee COME SRS Ses oe te Se Sos s 14. 29 27.10 27.10 32. 85 20.50 
Ie ooo] Gassse WO Pe eed oy See See 9.24 17.92 17.92 23.39 17. 25 
SOc IMU CG NG Uta? 5 aie ie apes ape MM er eee Aenea a 11. 46 24.27 24. 27 35.59 21.00 
ANG eee: Serie tlow.mid dling: S225. sels see eee 10. 01 28. 65 28. 65 36. 70 20.00 
113i Gees Billys mid Glin ges. Sa Bees See ey ae ee 10. 94 17.50 17.50 26.38 19.00 
1904.....-. Sipichmiddlings. ==. 222 442 BS EDO Ss > ae 8.66 19.50 19. 00 27.12 15.00 
(ORS aaa Rea COS acne OeaE anee nos oScash ote cae 12.16 23.60 21.00 28. 40 17.75 
IQO2P E22. Sictilow middling=223o sess 55 eee 8. 20 20.00 17.00 25.00 15.50 

1U.S. Department of Commerce, Bureau of the Census, Bulletin 116, p. 19. 
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TaBLE 1V.—Net imports of raw cotton, by countries from which imported, for the year 
ending Aug. 31, for specified years: 1895 to 1913.4 

Net imports of raw cotton (equivalent 500-pound 
bales). 

Imported from— Year. 

Total. 

Egypt. 

225,460 | 182,238 
229,268 | 175,835 
231,191 | 183,786 
151,395 | 102,217 
165,451 | 129,985 
140, 869 | 120,187 
202,733 | 169,731 
133,464 | 103,669 
130,182 | 108,283 
134,778 | 106,166 
99, 399 59, 864 

United All other 
Kingdom Peru. countries. 

8,071 10,300 24,851 
27,049 9,201 17,183 
9,717 10,221 27,467 

19,435 | 12,076 17, 667 
15,722 | 13,508 6, 236 
13,741 5, 586 1,355 
22,493 8, 564 1,945 
20,176 7,440 2,179 
14, 723 5,941 1, 235 
21,810 5,116 1, 686 
36, 213 2,335 987 

1U.S. Department of Commerce, Bureau of the Census, Bulletin 117, p. 9. 

TaBLeE V.—Quantity of kinds of raw cotton consumed and of stocks held in manufacturing 
establishments: 1911, 1912, and 1913.1 

[Quantities are given in running bales, except that round bales are counted as half bales and foreign cotton 
in equivalent 500-pound bales. Linters are included.] 

Kind and locality. 

Wnited States 2225. -..2-.-a-% 2 

Domestic: 
Wiplandige se soaseasee a -seteseseee 

Cotton-growing States......... 

Domestic: 
Wipland ic.5. Ss c0cies tt edeeesiecs 

Wplands ssesg cee tices scecetses% 

Raw cotton consumed during year 
ending Aug. 31 (bales). 

Stocks held in manufacturing 
establishments on Aug. 31 
(bales). 

1913 1912 1911 1913 1912 1911 

5,786,330 | 5,367,583 | 4,704,978 | 778,158 | 870,646] 542,191 

5,195,614 | 4,826,827] 4,258,750] 619,200 | 709,495| 398,065 
54,778 94, 856 64,237 | 18,525 | 23,753 19, 280 

303, 009 238, 237 206,561 | 60,454 | 52,622 43, 422 

201, 269 180, 465 147,192 | 70,859 | 77,029 70, 678 
10, 341 8,539 8, 903 1,044 1, 482 1, 456 
2) 412 6, 842 9,793 673 3, 806 3,909 

18, 907 11,817 9, 542 7, 403 2, 459 5, 381 

2,960,518 | 2,712,223 | 2,328,487 | 234,509 | 241,611] 101,114 

2,834,732 | 2,609,369 | 2,230,225 | 210,883 | 224,730 83, 103 
12) 696 11,112 7, 987 2) 664 1,916 655 
98, 75 76, 345 79,352 | 15,325] 11,508 11,980 

10, 051 12, 557 6, 578 4,053 2, 767 4,644 
Gil ouaices Se clee ice te ris Maier [eee 

475 285 2,092 353 4 223 
3, 783 | 2, 555 2,253 1,227 686 510 

2,825,812 | 2,655,360 | 2,376,491 | 543,649 | 629,035 | 441,077 

2,360,882 | 2,217,458 | 2,028,525] 408,317 | 484,765] 314,962 
42, 082 83, 744 56,250} 15,861 | 21,837 18, 625 

204, 234 161, 892 127,209] 45,129] 41,114 31, 442 

191, 218 167, 908 140,614 | 66,806] 74,262 66, 034 
10, 335 8, 539 8, 903 1,040 1, 482 1, 456 
1, 937 6, 557 7,701 320 3, 802 3, 687 

15,124 9, 262 7, 289 6, 176 1,773 4,871 

1U.S8. Department of Commerce, Bureau of the Census, Bulletin 117, p. 14. 
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INTRODUCTION. 

The common cattle tick, Margaropus annulatus, infests the cattle 
throughout the greater part of Florida, Georgia, Alabama, Louisiana, 
and Arkansas, large portions of Texas, Oklahoma, Mississippi, 
South and North Carolina, and small areas in Virginia and Cali- 
fornia. On account of the enormous losses occasioned by the para- 
site, it has been necessary to quarantine the area infested, so that 

cattle outside of this area may be protected. Ever since 1906 tick 
eradication in the infested area has been actively pushed by Federal 
and State governments, cooperating with citizens of tick-infested 
regions, to destroy the pest. While the majority of farmers admit 
some loss, few are aware of its extent, hence the experiments reported 
in this bulletin were undertaken to bring out the facts, particularly 
in relation to the effect of the tick on dairy cows. 

The cattle tick is an almost exclusive parasite of cattle. While 
the ticks may mature on horses, mules, and possibly deer and sheep, 
their control on these animals has proved to be comparatively easy. 
All ticks come from eggs laid by the adult female ticks. An engorged 
female tick dropping from a cow completes oviposition in from five 
days to aweek; the eggs hatch as a rule in about 21 days in ordinary 
summer weather; the issuing seed ticks crawl upon the grass and 
await the coming of cattle upon which they crawl when opportunity 
offers; they then reach maturity in from 21 to 25 days. 

While maturing each tick abstracts a definite amount of blood 
from an animal, and to that degree injures it. The quantity of 
blood abstracted is many times the weight of the ticks when grown, 
for these represent only that part of the solids and fluids of the 

. blood which may be converted into the tissues of the tick, the remain- 
ing solids and fluids being rejected. The amount of blood taken 
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by a single tick may be relatively small, but the total amount drawn 
by thousands of ticks on one cow can not fail to be injurious. If 
each tick represents but a dram, or a teaspoonful, of blood, a few 
over 1,000 would represent 8 pounds of blood. It is possible that 
each tick absorbs more than a dram of blood. 

But the greatest disturbance created by the tick seems to be, 
not in the amount of blood abstracted, but in the fact that it is the 

carrier of the germ of Texas fever which it transmits to cattle. 
When cattle that have never become accustomed to ticks are infested 
they become very sick and usually die. This may occur anywhere, 
either within or without the tick-infested region. Cattle that survive 
the ticks usually remain immune to their worst effects afterward. 
However, as time passes the important fact that no cattle in the 
quarantined area of the South are ever safe from the effects of 
Texas fever, either in its acute or chronic form, becomes more and 
more impressed on those who have to study the affected cattle. 

PLAN OF THE EXPERIMENTAL WORK. 

As the dairy industry is becoming an important branch of southern 
agriculture it was thought desirable to ascertain the effect of the 
tick on the milk production and body weights of dairy cows. Twenty 
grade Jersey cows” of about average dairy quality were selected in 
the early part of their lactation periods. They were in fair condition 
of flesh at the beginning, and all had been tick infested at some time. 
The animals being immune to ordinary attacks of tick fever, the 
results should be applicable to the average dairy herd in the tick- 
infested areas. These cows were divided into two groups of 10 ani- 
mals each, the two groups being balanced as nearly as possible in 
regard to milk and butter-fat production, condition of flesh, and 
size. One group was freed from ticks by spraying with ‘‘tick dip B,” 
an arsenical solution used by the Bureau of Animal Industry in the 
tick-eradication work. Data were taken on only nine cows of this 
group, as one cow received an injury to her udder which stopped 
her milk flow early in the test. The other group was kept tick- 
infested by applying seed ticks at regular intervals. The degree of 
infestation varied with different animals and with the entire group 
at different times during the course of the experiment. 

The experiment began May 21, 1913, and lasted during a period of 
140 days. The milk of each cow was weighed and a sample taken 
at every milking for a composite fat test at the end of each 10-day 

1 Further details concerning the life history of the cattle tick and the protozoan causing the fever can 

be found in Farmers’ Bulletin 258. 

2 The cows and the feed lots used in these experiments were provided by the Anthony Farms Co., 

Anthony, Fla., of which Mr. E. C. Beuchler is manager and vice president. 
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period. The body weights were taken for 10 consecutive days at 
the beginning of the work; thence once every 10 days until the last 
period, when they were taken for 10 consecutive days as at the 
beginning of the work. The weights were taken at about the same 
hour and under the same conditions each time, so that the extent 
of fill, both as regards feed and water, would be similar. The treat- 
ment of the two groups in all respects other than eS was as nearly 
alike as possible. 

FEEDING. 

The tick-free group of cattle were fed as much alfalfa hay as they 
_ would eat readily, and enough corn ee wheat bran, and cottonseed 
meal, mixed in the proportions 4 : 2 : 1, to maintain ie body weights. 
The aim was to give the infested ono the same kind and amount 
of feed, but toward the close of the experimental period these cows 
failed to consume as much hay as the tick-free cows. In order to 
make the digestible nutrients consumed practically equal for each 
croup, the grain ration of the infested cows was raised 1 pound for 
each 24 pounds of hay refused. Both groups of cows had access 
to salt and water in unlimited quantities. 

THE TICKS. 

The seed ticks used to obtain the various degrees of infestation in 
the cattle were the progeny of mature ticks obtained from several 
sources. The supply of ticks was secured through the cooperation 
of Dr. Charles F. Dawson, of the Florida State Board of Health, as 
the local supply was insufficient. Dr. Dawson’s first material was 
collected from Tallahassee, Kissimee, Dade City, and other places in 

Florida. A few small lots were received subsequently. The earlier 
adult ticks were collected between April 13 and April 28. The seed 
ticks or larvee from eggs laid by these emerged between May 22 and 
June 2, following. On June 12 and 14 two other consignments were 
received. The resulting broods seemed sufficient to insure thorough 
infestation of the cattle during the first weeks of the experiment. 
A second source of seed ticks was the Anthony Farm cattle 

not under test. This supply, together with that already mentioned, 
was sufficient to last until the middle of July by applying them but 
once a week. These two sources of supply proved to be insufficient, 
and a third lot was obtained from the Zoological Division of the Bureau 
of Animal Industry. These were mainly a portion of the original col- 
lection by Dr. Dawson, which had been sent by him to Washington and 
intended for another purpose. One flask of specimens labeled as 
originating in Texas accompanied these. This Washington consign- 
ment was applied during July. As fast as the ticks matured on the 
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experimental cattle they were picked off, and the seed ticks derived 
from them became available about August 1. From that time on 
there was an abundance of material. 

The time of application of the ticks may be roughly divided into 
two periods, viz, from June 4 to July 28, in which ticks were applied 
at intervals of seven or eight days, and from August 1 to September 
25, in which they were applied on each alternate day with but two 
exceptions. The effect of weekly applications was to cause the ticks 
to ripen in groups covering about five days; the alternate day appli- 
cations caused a more continuous and intense infestation. The exact 
fluctuations of this were not determined on account of cessation of 
gathering ticks when sufficient had been obtained to complete the 
expermment. 

Collections of ticks from the experimental cattle were made twice 
daily during milking time from June 26 to September 4. This was 
necessary in order to obtain seed ticks for a continuation of the experi- 
ment into the fall months. The deleterious effects of the ticks were 
less than if they had been allowed to mature on the cattle; but in 
such case future seed ticks would not have been available. Addi- 
tional effort to acquire material from other sources demonstrated the 
futility of depending upon outside sources for seed ticks. As the 
experiment proceeded it became too late to employ other cows for 
raising ticks, a plan which would be better if the experiment were to 
be repeated. 

The count of the ticks made and given in an appended table does 
not include all that became attached to the cattle, for some dropped 
off, some were picked off by chickens, and others were licked off by the 
cattle themselves. Also many incompletely mature ticks were col- 

lected which might have added their share of damage to that already 
produced. Table 1 contains the number of ticks picked from each 
cow daily, the dates when they were applied, and their source. The 
infestation during the earlier period, June 4 to August 5, was practi- 
cally like a fall infestation in intensity, excepting that the ticks were 
not maturing equally throughout the week, thus causing milder 
effects during the time that the ticks matured less rapidly. Infesta- 
tion on different cows was from slight to gross during the whole ex- 
periment. Under farm conditions pasture infestations may occur 
daily, thus making continuous appearances, such as occurred during 
only a part of the week in the experiment, and producing consequently 
more severe injuries. The collecting of ticks was continued until 
within 30 days of the close of the experiment, when the supply was 
sufficient to maintain infestation until the completion of the work. 
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TABLE 1.—Source of seed ticks placed on cows and number of ticks picked from each cow 
at stated periods. 

Number of ticks picked from— 

- Source of seed ticks placed on. i 5 a 
Eerie. the cows. dis (4 |[3| 4]/¢]s eigis| _ 

B\ B |E| z B IE/E| E 8 
Oo] 6 Onko e) ° ye] |S) IS AS ° 
oO} Oo Oo |0 oO iS) Oo jO!O] Oo a 

1913. d 
June 26 to July 1..-.-- Florida, except Anthony. .-.. 1) 14) 16)3 44) 15 6} 1] 2 5} 107 
July 2 to July 9....-- Anthony (few) and other | 2} 181) 63) 6) 256; 49] 35) 3) 54) 170) 819 

places. 
July 10 to July 19....| Anthony and other Florida. .| 0) 728) 187) 40) 707; 217) 104) 7,146) 370 2,506 
July 20 to July 29....| Anthony (most) and other | 2\)1,106) 414) 53) 1,475) 252) 129) 3231) 670 4,335 

places. 
July 30 to Aug. 8...-- Anthony (few) and other | 0) 355) 451) 16) 1,843) 223) 85) 0) 54) 699) 3,726 

places. 
Aug. 9 to Aug. 18.....| Florida(except Anthony) and| 6} 93) 119) 16 825| 158] 84] 3] 68| 300 1, 672 

Washington, D. C. 
Aug. 19 to-Aug.28..-.| Anthony, Fla.-.......----.-- 7| 906} 872) 66) 1,184) 392) 615) 6139) 980) 5,167 
AIS 29 FOSept.o-.2-|- 2. -s CO eee Maes ea 8)3, 892 2, 603} 45) 8, 116 1,5942, 430) 8 230 6, 467 25, 393 

FANE, se i a(R ag es are 26)7,275/4, 725 245 14, 450 2, 90013, 488311924 9, 661 43, 725 
} 

NotE.—No ticks were picked after Sept. 5, as there was then a sufficient supply of mature ticks on hand 

from which to procure seed ticks for the remainder of the experimental period. 

The infestation from August 20 to October 7 was unusually large 
in those animals which were susceptible to the ticks; in others the 
infestation was only slight, as throughout the experiment. It may 
be said, however, concerning the infestation generally that the 
table does not present a complete picture to the eye, nor do photo- 
eraphs taken on various dates. In the weekly infestation there were 
three or four broods on the cows at the same time, viz, newly attached 
seed ticks, week-old, two-weeks old, and, depending on the exact date, 
maturing ticks. In alternate-day infestation there were 11 broods on 
at once. On cows which favored their development one could feel 
by touch the young ticks that were covered by hair. From the 
beginning difficulty was experienced in gaging the number of young 
ticks that should have been put on the cows. In the weekly infesta- 
tion all the available ticks were used. The effects would not have 
been different had the same numbers been applied at intervals 
throughout the week. The infestation would have been less visible, 
however. 

Effort was made to apply about the same number each time, 
but later application gave better results than earlier ones. While 
the number placed on the animals was purely a matter of judgment, 
it is probable that the numbers applied from day to day did not vary 
so much as did the vigor with which the ticks attached themselves 
to the cattle. After the seed ticks were applied no changes could 
be made and results alone proved the numbers that remained on 
the cattle. 
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The seed ticks were applied by permitting them to crawl on to 
the cow’s hair in various places from the edge of pint fruit jars 
used in hatching them. Sufficient time was allowed after hatching 
to permit the seed ticks to harden and become brown. They had 
been confined in the jars by cotton cloth. This cloth was used 
later to wipe up the ticks and scatter them over the cattle. In the 
first period of the experiment the ticks were mainly placed on the 
backs, bellies, and escutcheons of the cows, but in the second period 

they were placed more generally over the entire body. 
Some of the tick masses became too moist during oviposition and 

incubation in the wet season, and this caused the masses to adhere 

and resulted in the death of the larvee, especially when too many of 
the adult ticks were put together. Previously many egg masses 
had been kept too dry, presumably on account of atmospheric con- 
ditions and the small number of adults placed in a jar. Later on 
better conditions were secured by collecting the ticks in paper bags 
in lots of 200 or 300 and transferring them to the cloth-covered jars 
when they were nearly hatched. 

These methods caused the numbers of seed ticks occurring on the 
cattle to be purely guesswork. Failure resulted in spite of special 
efforts to infest those cattle that presented the fewest adult ticks. 
Such were nearly immune to ticks. 

RESULTS OF EXPERIMENTS. 

The damage done to the infested cows by the ticks seems to have 
arisen from two distinct causes; first, a fever incited in some of the 

cattle at various periods, and, second, loss of blood abstracted by 

the growing tick. 

FEVER CAUSED BY THE TICKS. 

The presence of fever on various dates is shown in Table 2, where 
temperatures of both tick-infested and tick-free cows are shown. 
No attempt was made to take daily temperatures, as the matter of 
taking any temperatures at all was an afterthought rather than part 
of the plan. One set of temperatures was taken at 9 a. m.; all others 
at 4 p.m. The temperatures of the tick-infested cattle were higher 
than the checks and nearly always above normal. The temperatures 
of the tick-free cattle were also often above normal. This may have 
been due to moist, hot conditions of the atmosphere, since only in 
exceptional cases were the temperatures abnormal on cool days. 
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Tasie 2.—Temperature records of the experimental cows at various periods and average 
of all readings. 

Aug. 27. 
ie . July 27,| Aug. 2,| Aug. 6,| Aug.14,) Aug. 19, Sept. 1, 

gow Degree of tick infestation. an y maui ? ae ae ei Bene 

A. M.| P.M 

102.2} 102.2} 101.8 103. 2 101.8 101.8 101.6 102.6 
102.2 102.8 101.8 103. 6 101.8 101.8 102.3 104.0 
103. 2 102. 4 103.6 | 105.6 102.8 | 102.6} 102.2 104. 4 
102.0} 102.4) 103.0] 103.8 101.8 101.8 101: 6 103. 0 
103.2 | 102.2] 102.4 104.8] 102.5] 101.6] 102.2 105. 4 
102.8 | 102.2) 103.4 105.9 103.2 | 102.2) 101.2 105. 2 
102.6 103.0 103.2 | 104.4 102.2] 101.2) 102.2 104.6 
104.4 103.2 | 102.4} 104.7 | 103.0 101.8 102.6 105.0 
101. 1 103.0 | 102.6 | 104.5] 102.8} 101.2] 101.6 103.0 
103.2 | 102.8} 101.8 103. 8 103. 2 101.8 102. 4 103. 6 
102.8) 102.4 101.8 103.0 | 102.2} 101.6 102.8 102.8 
104.0 | 102.2) 102.4) 104.4 103. 4 102. 4 103. 2 104. 2 
103. 6 103.0 | 102.0) 104.4 103.0} 102.0} 102.2 103.8 
103.6 102.8 | 102.4 105.0 | 103.8 102.2 103.0 104.8 
102.8} 103.0} 102.8 | 103.8 103.6 103.2 | 105.0 104. 2 
104.0 104.0 | 102.4 | 104.4 104.0 | 102.2} 103.0 104.2 
106.8 104.6 | 103.6] 106.8] 106.2) | 104.4} 102.8 106. 2 
104.0 | 103.0] 103.2 104.2 | 103.6 102.2 | 102.6 105. 2 
103.8 103.4 | 102.2) 104.2] 103.6] 102.2] 102.8 103.8 

Sept. 2,| Sept. 3,| Sept. 4, | Sept. 5,| Oct. 1, | Oct. 2, | Oct. 3, | Aver- 
p.m. | p.m. | p.m. | p.m. | p.m. | p.m. | p. m.| age. 

1) IC See ous eee meee 102.4 | 102.0) 102.2) 101.8 | 100.2) 104.2 | 102.4] 102.16 
Die Wie a CO. ioe Hodeiped SucSraesa bee 103.5 | 103.4 | 102.0] 100.6 | 102.2) 103.2] 102.8] 102.53 
Sp eee COS a aerate eas ean ea rte 104.2 | 105.2] 104.2] 101.0] 103.0) 104.8 | 103.6} 103.52 
By aSee GLOSS ee aii Mie ei SUN Le oe 103.0 | 103.8} 102.6} 102.4] 104.0] 104.0] 104.0} 102.88 
Oieseed COPS eet sew saecice 104.6 | 104.5] 103.6] 101.0} 103.2) 104.2] 103.4] 103.25 
Us leaner COR eS le neice ial 104.8 | 105.8 | 103.2] 101.4] 102.6) 103.0] 103.4} 103.35 
Sale ke ChOS Se SUN ie Solace, ena ee ae 103.6 | 102.8] 103.4) 101.0} 104.4] 104.0] 103.6 | 103.08 
Oe ees GIS AGA eas ae eset ae eae 104.6 | 104.2] 101.8] 102.2} 103.2) 105.2) 104.6] 103.52 

LOB Bee OSes ste ee sara 103.4 | 102.6] 102.6] 102.0} 103.2) 103.6 | 102.6] 102.65 
ils) IU Oli SoS Sa SH Eee ae eE SE eaasee 103.6 | 103.8} 104.0} 102.2] 103.2} 103.4] 102.2) 103.00 
ee es COS He SSS apeae ine sere eters 102.2. | 102.4] 102.8] 102.2) 102.2] 102.2) 102.2 | 102.37 
US owabe donee Jeciieat mee see ea 102.8 | 102.8 | 104.2] 102.2] 103.8] 103.2] 103.4 | 103.24 
IG) eee CORR ais Se nesses 105.4 | 104.4] 104.6 | 102.6 | 104.4] 104.0] 102.7} 103.47 
Gal Medians tes 2 eas See 105.2 | 104.6] 105.6] 102.8] 104.8] 103.8] 103.6 | 103.93 
Ieee CLO Beers es reed Le BS 104.2 | 104.6) 104.6 | 102.8} 104.6} 103.8 | 103.2 | 103.74 
119)-|)| SIGN AY As Bo See ee ie eBEeaeae 104.2 | 104.0] 104.0] 102.6} 104.4] 104.2] 102.4; 103.60 
OM erseret ClO isi eae ae ete RENE ie 106.0} 105.8} 104.0} 103.4 | 105.0} 105.2} 103.6 | 104.96 
ll eeeae LOM rjere oni Ae Nee 104.2 | 104.5] 104.4] 102.8} 106.2] 105.8] 105.2} 104.07 
AD eos OMe ses rapyiNn ty ALi Sie Se 103.8 | 104.2] 104.2} 103.2) 105.4]. 104.4 | 103.2 | 103.65 

Blood taken from cows 12 and 13 and observed to run from the 
tick wounds of cows 15, 17, and 20 in particular was abnormal in 

being too thin. The red blood clots formed but a small part of the 
mass. All these animals, also cow 16, were noticed to be visibly 
distressed: as to feelings and respiration on various occasions. Cow 
15 alone showed a slight pendulous swelling under the lower jaw. 
Cows 11, 14, 18, and 19 were infested with but few large ticks and not 
many visible small ones. Neither were they apparently ill at any 
time. To what quality these cattle owed their immunity from ticks 
is not known. They looked more like Jersey cattle than the other 
ones infested. in color cow 14 was lemon fawn and cow 19 was 
hght fawn, and the latter’s coat was very short and thin. Cow 15, 
the cow that became most heavily infested, was a large red brindle 
cow that resembled the Shorthorn or beef type. (Fig..1.) This 
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cow seemed to resist the effects of the ticks until toward the end of 
the experiment, but finally failed rapidly in giving milk and died 
within a week after the close of the experiment. 

Fia. 1.—Cow No. 15, heavily infested with ticks over theentire body. This was one of the best cows in 

the group, but she died of tick fever shortly after the close of the experiment. Photo taken Sept. 25, 

1913. 

Cow 20 was infested almost as heavily as cow 15. She was a large 
Jersey-like cow of lemon-yellow color. (Fig. 2.) Her milk failed 
quite early in the experiment. She presented a dejected appearance 

Fia. 2.—Cow No. 20, heavily infested on neck and shoulders. Photo taken Sept. 24, 1913. 

for some time but later recuperated and gained or held her weight 
to the end. Externally there seemed to be no reason why ticks 
developed so much more on her than on cow 14. 
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Cow 12, a mongrel Jersey with black predominating and white 
under parts, was the next most infested. (Hig. 3.) She became ill 
but acquired the habit of licking herself as clean of ticks as she could 

and of being assisted by other cows. She seemed to recover from 
her fever and improved somewhat in condition. 

Cows 13, 16, and 17 were infested about alike, but Nos. 13 and 17 
suffered more from fever than No. 16. There seemed to be no par- 
ticular difference in the coats of Nos. 13 and 16 sufficient to explain 
why No. 16 should be less infested. They were red cows of mixed 
origin and doubtful ancestry. Cow 17 (fig. 4) was a very dark 
cow with white under parts, hay- 
ing a rather fine Jersey-like head. 
The sickness reduced her milk flow 
much more than was the case with 
No. 13. Asawhole, the light fawn- 
colored cows seemed to resist ticks 
better than the dark-colored ones. 

The sickness in the cattle was 
not entirely due to the number of 
ticks, for cows that had fewer ticks 
by far than cow 15 were sick much 
earlier. It has previously been 
stated that one of the sources of 
ticks was the Anthony farm. This 
farm sustains a large dairy, and fre- 
quently the herd is replenished 
with fresh milkers brought from 
Georgia and the surrounding coun- 
try. According to the superin- 
tendent, many go through acclima- 
tization or Texas fever. Itis quite 
probable that ticks from some of 
the acclimatized animals furnished 
the first protozoa (piroplasma) to 

produce disease in the experimental 
animals; it may be that afterwards ticks from sick cows in the ex- 
periment transferred the disease to other cows. While all these cattle 
were used to ticks, it is quite evident that they were not thoroughly 
immune to fresh attacks of disease, whether due to blood-letting or 
piroplasma parasitism. That immunity is a variable quantity is 
accepted by many southern cattlemen who have studied and had 
experience with traded cattle. 

The 10 check cattle remained free from ticks through keeping them 
im a separate pen and stalls; otherwise they were under similar condi- 
tions as the infested cattle. Although they were separated from the 
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Fic. 3.—Cow No. 12, heavily infested on rear parts. 

Photo taken July 19, 1913. 
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tick-infested group in the stable by the mangers only, and later 
turned out into a small field on account of the muddy condition of 
the barn lot, there was insufficient manifestation of small ticks to show 

penand yard infestation. However, it was thought necessary to spray 
these cattle on occasions because of a few scattered ticks which were 
presumably carried to them on the rag with which the udders were 
washed. Spraying was followed for a day or two by a diminished 
quantity of milk, after which the normal flow reestablished itself. 
The spray used was arsenical tick dip B, a concentrated solution which 
when used in prescribed dilution produced a subsequent slight exfolia- 
tion of the epidermis. 
The deleterious effects of the ticks were not so apparent in the ex- 

periment as they would have been had more ticks been developed 

Fig. 4—Cow No. 17, showing moderate infestation with ticks. 

early in the experiment. In that case early losses would have been 
reflected throughout. It is probable that excessive invasions of 
ticks on freshening cows in spring reduces their milk flow by fully 
one-half before the lactation period is ended. 

An attempt was made to put on about the same number of seed 
ticks at each application, so that the number applied from day to day 
was probably fairly uniform. Seed ticks secured from adult ticks 
from outside sources seemed to be less vigorous and to have more 
difficulty in attaching themselves to the cows than those more recently 
obtained from ticks that had matured on the Anthony cattle, so that 
fewer of them matured and consequently less damage resulted than 
when the Anthony ticks were used. This apparently low vitality of 
the seed ticks obtained from outside sources, together with the lght 

infestation obtained at the early part of the work, delayed any 
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definite results until toward the latter part of the experimental 

period.. : 

The cows used were so-called immune, yet all the tick-infested 

group except the four lightly infested ones suffered from attacks of 

fever at different times during the experimental period. This was 

not due entirely to the number of ticks maturing upon these animals, 

for cow 15, which showed the heaviest infestation throughout the 

entire period, was one of the last to suffer from an attack of fever. 

EFFECT OF TICKS ON MILK PRODUCTION AND BODY WEIGHT. 

Although each of the cows used in this work had been tick infested 

at some time, the individual variation in the degree of infestation 

that could be obtained was so wide that two subgroups were made 

of four animals each, one of which will be called the lightly infested 

and the other the heavily infested group. These subgroups show the 

effect of varying degrees of infestation upon the body weights and 

milk production of the cows in a manner more marked than when 

the two entire groups are compared. In the discussion which fol- 

lows only the summaries of groups are given. Complete data for each 

cow will be found in the appendix. The average results are shown 

in Table 3 following, and graphically in the chart, figure 5. 

TaBLe 3.—Effect of tick infestation on milk production and body weight of cows. 

Milk production. Body weight. Feed. 

| | aver. | Average.con- 
Number of | Aver- i z | “Ver sumption G : Aver- | Aver. | Aver- | Aver. I 

Hse cows. | age for | age for| Aver- | age for | age for ome per cow for 
first | last |agede-| first | last | ®?)% | entire period. 

10-day | 10-day | crease. | 10-day | 10-day On ies 
period. | period. | period. | period. |“; “\”” 

7/2 | Hay. | Grain. 

'Pounds. Pounds.| Per ct. |Pounds.|Pounds. Per ct. Pounds. Pounds. 
Wicksfree-_ Sse. ae eae Nos.1to10--| 176.2 | 92.1 AT.7 719.2 | 763.4 +6.1 2,500 638 
Tick infested. .-...--- Nos.1i to 20..| 177.9 60.6 | 65.9 | 707.2 732.9 +23.6 2,437 | 658 

Lightly infested... ._. Nos. 11,14,18,| 157.5] 68.6| 56.4| 694.4] 736.0) +6.0| 2,385 | 585 
19. 

Moderately infested...| Nos. 16,17...) 149.4] 56.8 61.9 746.1 | 809.4 +8.5 | 2,563 569 
Heavily infested... ._- Nos. 12,13,15,| 212.6 | 54.5 | 7431 700.7] 691.4] —1.3| 2,424 736 

20. | 

COMPARISON OF TICK-FREE AND TICK-INFESTED COWS (ENTIRE GROUPS). 

At the beginning of the experimental period the two groups pro- 
duced practically the same amount of milk—the cows of the tick-free 
group producing an average of 176.2 pounds during the first 10-day 
period and those of the tick-infested group an average of 177.9 
pounds. During the final 10-day period the cows of the tick-free 
group produced an average of 92.1 pounds of milk, a decrease of 47.7 
per cent from their production during the initial period, while the 
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cows of the tick-infested group produced an average of 60.6 pounds 
per cow, a decrease of 65.9 per cent when compared with their first 
10-day period. it should be noted especially that while the tick- 
infested cows produced 1 per cent more milk than the tick-free cows 
in the beginning, they produced only 65.8 per cent as much during 
the final period. The two groups consumed practically the same 

TEN GAY (FERIOLD EV DINe — 
MAY JUNE JUNE JUNE JULY JULY JULY AUG. AUG. AUG. SEPT SEPI, SEPT OCK 
30 9 1/9 29 9 /9 29 8 /8 28 7 TE ae 7 
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490 
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‘ rs 
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1/30 _——————— 
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/00 oe pec Bead 

90 ——_—} 

TICK-FREE $ROUP NK eee 

TICK-INFESTED GRO aan See 

FOUR HEAVILY -iINFESTED COWS ------- | nants, Se 

70 

GO 

sO Saas 

Fic, 5.—Average milk production by 10-day periods of the tick-free and tick-infested groups and of 

four heavily infested cows. 

amount of feed during the entire period. The percentage of fat in 
the milk of each group increased toward the close of the experiment, 
that of the infested group showing a slightly greater increase. 

At the beginning of the test the tick-free cows weighed on the 
average 719.2 pounds and the tick-infested 707.2 pounds. During 
the experimental period each group increased in body weight, but 
the increase of the tick-free group was greater than that of the tick- 
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infested. During the final 10-day period the cows of the tick-free 
group averaged 763.4 pounds in weight, an increase of 6.1 per cent, 
and those of the tick-infested 732.9 pounds, an increase of 3.6 per 
cent from the initial weight. 

In making this comparison it should be remembered that during 
the entire experimental period the two groups consumed practically 
an equal amount of nutrients, and that toward the latter part of the 
experimental period the milk production of the tick-infested group 
was considerably decreased, so that this group was fed an amount 
in excess of that required for milk production. Presumably this 
excess of food would tend to make flesh and thus offset any detri- 
mental effect that the ticks would have upon the body weights. 

COMPARISON OF TICK-FREE AND HEAVILY INFESTED GROUPS. 

Four cows in the tick-infested group were soon found to be more 
easily infested than the remaining six. A gross infestation of these 
four cows was obtained early in the experimental period and was 
maintained throughout the test. At different times all four suffered 
from attacks of fever, with an almost total loss of appetite and a 
falling off in milk flow. One, which suffered from an attack of fever 
at the end of the experimental period, died shortly after the close of 
the work. 
By referring to Table 3 it will be noticed that there is a much 

more pronounced decrease in milk production between this group 
and the tick-free group than when the two entire groups are com- 
pared, showing that the heavier degree of infestation results in a 
proportionately increased injury. ‘This is likewise proved to be true 
when the body weights of the two groups are compared. 

COMPARISON OF TICK-FREE AND LIGHTLY INFESTED GROUPS. 

While four cows of the tick-infested group proved to be easily 
infested, another four of the same group proved to be very resistant. 
The immature ticks were applied to these four cows with the same 
care and in as large numbers as they were to the heavily infested 
animals; in fact, extra efforts were made to obtain a heavy infesta- 
tion upon these resistant animals. However, at no time during the 
experimental period were any of the four so heavily infested that the 
degree of infestation could be classed as gross, and for the greater 
part of the period none of them was carrying mature ticks. The 
decrease in milk production was more than in the tick-free cows, but 
considerably less than in the heavily infested animals. 

COMPARISON OF LIGHTLY INFESTED AND HEAVILY INFESTED GROUPS. 

While the heavily infested cows produced more milk during the 
initial period and through the greater part of the experiment, they 
also consumed more feed than those of the lightly infested group 
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(see Table 3). At the beginning of the experimental period the four 
heavily infested cows produced an average of 212.6 pounds of milk, 
while the four lightiy infested cows produced an average of 157.5 
pounds during the same 10-day period. During the final 10-day period 
the heavily infested cows produced an average of but 54.5 pounds of 
milk, a decrease of 74.3 per cent from their production during the 
initial period. During the same period the lightly infested cows pro- 
duced an average of 68.6 pounds of milk, a decrease of 56.4 per cent 
from their production during the first period. While the heavily 
infested cows produced 35 per cent more milk than the hghtly 
infested during the initial period, they produced only 79.4 per cent 
as much during the final period. When the two groups are com- 
pared with the tick-free groups, it is seen that the lightly infested 
group produced during the final period of the experiment 81.4 per 
cent as much milk as the tick-free, while the heavily infested group 
produced but 57.6 per cent as much. A comparison of the body 
weights of the two groups shows the heavily infested with an average 
weight per cow of 700.7 pounds during the initial 10-day period, 
which decreased to 691.4 pounds per cow, or 1.3 per cent, while the 
lightly infested cows, with an average weight of 694.4 pounds, in- 
creased to 736 pounds per cow, or 6 per cent. 

No figures are given on cost of milk production, as the aim was 
merely to measure the effect of tick infestation on yield of milk and 
body weight. As the cows were kept in comparatively small inclo- 
sures, the cost of milk production was higher than under ordinary 
conditions when cows are on pasture. 

EFFECT OF SPRAYING OR DIPPING IN AN ARSENICAL SOLUTION UPON 
THE YIELD OF MILK. 

At four different times during the experimental period the cows of 
the tick-free group were sprayed with tick dip B, an arsenical solu- 
tion. This was done to keep the tick-free cows absolutely free from 
ticks. Each spraying caused a temporary reduction in the milk 
yield, as shown by the curves in figure 6. The average yield for the 
first day after each spraying, when compared with the average of 
three days preceding spraying, showed percentage reductions in each 
“case as follows: 8.7, 27, 8.3, and 5.7 per cent. It will be noted that 
the reduction was much the highest for the second spraying. On 
the day prior to this spraying and for two days thereafter timothy 
hay was fed, owing to a shortage of alfalfa. This, no doubt, had tts 
influence on the milk yield, as indicated in thé excessive shrinkage at 
that time. From three to five days were required for the cows to 
return to their normal production. The average of five days after 
each spraying compared with the average of three days preceding 
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spraying showed reductions, respectively, of 6.2, 21.7, 4.5, and 7.6 
per cent. Disregarding the second spraying, the average reduction 

for five days was 6.1 per cent. 
These results with spraying are similar to those obtained with dip- 

ping during the 165-day test conducted by J. H. McClain, of the Dairy 
Division, Bureau of Anima! Industry, at Summerville, S. C., in 
1912. In this experiment 10 cows were dipped seven times with a 
solution of tick dip B, the dippings coming at intervals o: about 21 
days, with an average decline in milk production, for two days, of 
10.6 per cent after each of the seven dippings. But apparently the 
cows became accus- Pave 

tomed to the dipping Pon? MESR Pe SR! COLT SOB One 0 
process, for there was 
no appreciable de- 
crease in the milk 
flow after the first 
four dippings except 
the natural decrease 
due to the advance 
in the lactation 
period. The average 
decline in production 
“was approximately 
as follows: After 
each of the first four 
dippings, milk 14.8 
per cent; fat 8.9 per 
cent; after each of 
the last three dip- 
pings, milk 1.9 per 

: Fic. 6.—Effect of spraying on milk production, showing the average 
cent, but an increase amount of milk produced by the tick-free group for three days before 
of 10.6 per cent in and seven days after each of four sprayings. The unusual decline 
yiel dot fat. at the second spraying was probably due to a change in feed. 

That the heavily infested cattle in our experiments yielded fully 
40 per cent less milk than the check animals at the close of the 
experiments, and that even those lightly infested gave less by 25 per 
cent, has been heretofore recorded. Conversely, we may infer that 
the check cows in this experiment and those regularly dipped in the 
Summerville experiment gave this additional quantity of milk on 
account of being kept free from ticks. Had this freedom been 
obtained without the use of arsenical dips, it is quite certain that an 
amount of milk equal to 10.6 per cent during one-tenth of the time 
in the Summerville experiment, and to 6.1 per cent during one- 
seventh of the time in our experiments, would also have been saved 

YING +SUNE 4 
pees 

M/LK PRODUCTION: (POUNDS) =~ 
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from loss on account of the ticks. These differences emphasize the 
good results of the use of arsenical dips, and above all, of the necessity 
for the compiete eradication of ticks so that the remedy, which of 
itself temporarily reduces the flow of milk, will be unnecessary. 

SUMMARY AND CONCLUSIONS. 

The cattle tick has a decidedly injurious effect upon supposedly 
immune dairy cattle, the extent of the injury being largely dependent 
upon the degree of infestation. The effect is more pronounced upon 
the milk production than upon the, body weights when a sufficient 
supply of food is given. 

At the beginning of the test the tick-free and tick-infested groups 
gave practically the same amounts of milk; at the close the tick- 
infested gave only 65.8 per cent as much as the tick-free. 

The tick-free group gained 6.1 per cent in body weight; the tick- 
infested gained 3.6 per cent. 

Spraying or dipping tick-free cattle in an arsenical solution causes 
a marked though temporary decrease in milk flow. In this experi- 
ment there was an average reduction of 6.1 per cent from the normal 
milk flow for a period of five days following each of the four applica- 
tions of the arsenical solution. 

Resistance of cattle to infestation by the tick is a variable quality. 
Of the 10 animals in the tick-infested group, 4 became grossly in-. 
fasted; 2 more so than the average, and the remaining 4 but lightly 
infested. 

The death of cow 15, due to excessive tick infestation, and various 
recurrences of fever in the other animals, emphasizes the extreme 
hazard of cattle being continuously subjected to these losses by the 
tick. Cow 15 was one of the best of the tick-infested group and rep- 
resented at least a 10 per cent loss from the capital invested in tick- 
infested cows. Furthermore, the losses observed in this experiment 
were sustained on rations sufficient to maintain body weights. It is 
thought that had there been but a scant supply of food, as sometimes 
occurs when cows are on pasture, the tick-infested cattle would have 
suffered earlier and probably to a greater degree than they did. The 
losses in this case were in spite of a good maintenance ration. It is 
probable that much of the spring losses in cattle now laid to starva- 
tion, due to lack of pasturage, is materially aided by blood depletion 
due to ticks, and that repeated dippmgs would save many cattle 
otherwise lost. 

These experiments are not extensive enough to furnish an exact 
measure of the amount of decrease in milk flow due to infestation, but 

they show that the losses are considerable and vary in immune cows 
largely in proportion to the extent of infestation, since in all cases 
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the milk flow decreased faster in the heavily infested than in the 
lightly infested cows. ‘This is additional evidence that the tick is a 
great hindrance to profitable dairying in the South. Even in so- 
called immune cattle, ticks cause irritation of the skin and withdraw 

blood that otherwise would produce milk or meat. 
Fever-producing parasites are present in the blood of cattle once 

infested by ticks, though they may be so few in number that no 
symptoms of the disease are apparent. The danger from them lurks 
there, nevertheless, for under certain conditions the parasites may 
multiply so rapidly as to cause marked disease or death, or they may 
be transferred by ticks to uninfected animals. Thus the tick con- 
stitutes a source of danger, and should be exterminated. Further- 
more, eradication must be by cooperative, concerted action. One 
farmer may free his premises of ticks, but reinfestation is lable to 
occur at any time from neighboring farms or strange cattle, unless 
the entire community is free from the tick. 

The only means of preventing losses by ticks is through disinfection 
and clean pastures. While dipping may temporarily diminish the 
quantity of milk given, in the long run it largely conserves the flow 
of milk. The arsenical solution should be used to frustrate the great 
dissemination of ticks during their most favorable season. In infected 
areas Where there is no concerted effort to eradicate ticks it may not 
be wise to use the solution on slightly infested milch cows. 

Methods of exterminating the ticks on the farm are described in 
Farmers’ Bulletin 498, a copy of which will be mailed to anyone on 
application. 



APPENDIX. 

RECORDS OF THE EXPERIMENTAL COWS. 

The following tables show the records of the experimental cows for 
the whole test by 10-day periods. Table I gives the results by groups, 
and Table II the individual records of each of the cows. Originally 
there were 20 cows in the experiment, 10 in each group, but, as before 
stated, an injury to one of the tick-free cows necessitated her removal 
from the test. Therefore, in Table I the tick-free group consists of 
9 cows, and in Table II no data are given for cow 4, the cow in 
question. 

TaBLE |I.—Group records of experimental cows by 10-day periods. 

TICK-FREE COWS. 

aes of ACU of 
a ee : feed con- “1. * feed con- Milk production. eerie Milk production. Sinner 

per cow. | per cow. 

Ten-day 2 2 oH Ten-day » i ce 
period q Gq je : | period gq gd fo : 
ended— | ©, /O8|] |;]/ ¥ ended— Oi ee PS aes 

Bu |8S)og) ‘so | Gad ES los] ‘0 
SS Pell cole Ieceveas 3 Cea a ae) dee cc) 

2a |ge las) B | od |e |Sa] & gs) é a0 g | am 6 
BS |s-/88| & oe go |s.(/88| & ee 2 os | 8 Z be ‘a ® Poe is) b | 3 
> p ® 5 s uy > > [) } s a 
<j |e fa = o | <4 << /f ca = S 

| 
1913 Lbs. | Lbs.\P.ct.| Lbs. | Lbs. | Lbs. | 1913 Lbs. | Lbs.|P.ct.| Lbs. | Lbs. | Lbs 

May 30..... 1763.2) 6.58] 3.73 719. 2| 168.9} 48.8 || Aug. 28.....| 125.5] .5.37| 4.28] 727.6} 185.3) 45.6 
June 9...... 157.3} 5.87] 3.73) 724.4) 173.9) 44.0 || Sept. 7. . 120. 6} 5.00} 4.13] 738.9) 179.4) 45.6 
June 19_.... 154. 4) 5.62] 3.64) 723.4) 172.7] 46.7 || Sept. 17. 122. 9} 5.24! 4.26] 748.6) 172.7) 44.5 
June 29..... 155. 2! 5. 84) 3.76] 694.7} 172.3] 45.6 || Sept. 27- 104. 2} 4.64} 4.45} 756.8) 169.9} 44.5 
Duy Oe ee 164. 0} 6.04} 3.69} 703.1) 189.2] 45.6 || Oct. 17..... 92.1) 4.42) 4.79! 763.4] 170.8) 44.5 
July 193 22. 161. 7| 5. 96} 3.69} 703.1) 190.3} 45.6 
July 29. 150. 3) 5.98] 3.97} 706.9} 196.1] 45.6 Total per 
ATP Bie oe 122. 3} 4.56] 3.72} 789.3) 182.1] 45.6 COW. «2.11982; 41760302. 52 )ecesces 2,500. 4/637. 8 
Aug. 18..... 125.7} 5.18} 4.12} 718.0} 176.8) 45.6 

| 

TICK-INFESTED COWS. 

May 30..... 177.9] 6.38] 3.58] 707.2} 163.9] 47.7 || Aug. 28.....| 104.5] 4.15) 3.87] 715.6} 184.5) 47.0 
June 9...... 171. 6} 5. 85) 3.41} 712.8) 169.7] 44.3 || Sept. 7...-- 97. 8] 3.65] 3.73] 707.7} 170.6) 47.0 
June 19.....} 168.7) 5.93} 3.51] 726.7/ 174.8! 50.1 || Sept. 17. ... 86. 9] 3.68] 4.23) 717.0} 159.3) 45.0 
June:29-- =. 161.1) 5.61] 3.48) 691.6} 174.2) 47.0 || Sept. 27. ... 72.5) 3.43) 4.72] 721.2} 161.6] 49.5 
July. 9225-2. 165. 9} 5. 86] 3.54} 705.6] 193.8] 47.0 |} Oet. 7...... 60. 6] 2.86] 4.71) 732.9} 145.4) 44.6 
JulyvalOe wees 158. 1) 5.55] 3.51} 702.7) 191.1) 47.0 
July 29. ......) 143.6) 5.12)'3..56| 706.1) 190.5] 47.7 Total per 
Aug. 8.....-]  107..6] 3.73] 3.46) 782.3} 176.7] 47.0 COW. 2 4:115,783..3]56: 00)25222|acecer 2, 436. 8/657. 9 
Aug. 18.....} 110.5} 4.20) 3.80) 728.0] 180.7] 47.0 

18 

et 
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Tasie I1.—Individual records of experimental cows by 10-day periods. 

COW 1, TICK-FREE. 

Milk production. roca Milk production. e eee ones 

Men-dayal les | 50 |) (lo 4s Men=daya elec | ae lic me) 
period Be orsil| | te period asi lfoueels ete 
ended— | Sy |GS/2S} 3 ended— | Gy [gS |4S] 3 

= ee ie =| ta | oe e ae Baja 2 5 q |2e/es = 
2 ° q o¢ ie S = © eta sy q de BS - 

A Bees } 3 g & ARIS So a g 
a <a | a) ea] oO <4 <a 14 Q ao} o 

1913. Lbs. | Lbs.|P.ct.| Dos. | Lbs. | Lbs. 1913. Lbs. |Lbs.|P.ct.| Lbs. | Lbs. | Lbs. 
May 30. .-.-- 178.3} 7.67| 4.30; 863.4) 172.5} 50.0 || Aug. 18..---] 106.9] 4.65} 4.35] 870.0) 189.5) 50.0 
Jume! 92222 =~ 154.8] 6.50) 4.20) 822.0! 179.5) 45.0 || Aug. 28-----| 112.7] 4.73] 4.20) 877.0} 200.0} 50.0 
June 19.-.-- 150.8] 6.33] 4.20) 822.0} 180.0} 50.0 || Sept. 7..---| 106.6) 4.69} 4.40) 888.0) 199.5] 50.0 
UME 29 Es a 144.0} 5.98) 4.15) 805.0} 180.0} 50.0 |} Sept. 17.---| 106.4} 5.00} 4.70} 902.5) 200.0] 50.0 
Muhy ees ae 165.5] 6.45] 3.90) 827.0) 200.0) 50.0 || Sept. 27...- 85.6} 4.54] 5.30) 916.0) 198.5) 50.0 
July 19...-. 159. 4| 6.06} 3.80} 813.0} 200.0) 50.0 |] Oct. 7..---- 63. 2] 3.73) 5.90} 919.7} 196.0} 50.0 
DUMlysZ 29 ee 149.1] 6.81} 3.90} 833.0} 220.0] 50.0 — 
Aug. 8....-- 103.3} 4.13) 4.00} 939.0} 208.0} 50.0 Motale =| 15786 6) 7 27\\ se sel see 2,723. 5)695.0 

COW 2, TICK-FREE. 

May 30. -.-- 146. 5| 5.27| 3.60) 664.4) 157.5) 43.2 |) Aug. 18 102.0) 4.34) 4.25) 670.0) 173.0) 40.0 
Junegr =. = 115.6) 4.62| 4.00) 678.0) 159.5] 37.0 || Aug. 28 99.3) 4.37) 4.40) 671.0! 171.5'.40.0 
June 19. 140.1] 5.39) 3.85} 694.0) 158.5) 40.0 || Sept. 7 97.6} 4.11) 4.20) 688.0) 165.0) 40.0 
June 2922-2 130.7] 5.23) 4.00} 656.0) 177.5) 40.0 || Sept. 17 109.1) 5.02) 4.60) 702.3) 171.5) 40.0 
July 9 143.9} 5.61) 3.90}- 664.0} 178.5) 40.0 || Sept. 27. 91.9) 4.14) 4.50) 718.6) 176.0) 40.0 
July 19... 138.6) 5.41) 3:90} 658.0}. 178.0} 40.0 || Oct. 7....-- 81.6) 4.37) 5.35) 728.2) 174.0) 40.0 
July 29..- 132.5) 5.17] 3.90} 657.0} 178.5} 40.0 
Aug. 8.. 88.6) 3.54) 4.00) 734.0) 162.5) 40.0 Total DOL 7 39160509 |22 2s) eks See 2,381. 5,560. 2 

COW 3, TICK-FREE. 

May 30..... 157.2] 6.45} 4.10) 707.5) 170.0) 50.0 || Aug. 18...-.] 140.5] 5.62) 4.00} 673.0} 180.5} 40.0 
June 9__--.- 149.5] 5.38] 3.60} 682.0) 177.5) 40.0 || Aug. 28 146. 2) 5.85) 4.00) 704.0} 197.5} 40.0 
June 19._..-. 157.9] 5.68] 3.60} 681.0) 177.5} 40.0 || Sept. 7--. 139.3) 5.36} 3.85) 702.0} 173.5} 40.0 
June 29... .- 155. 2| 5.74) 3.70} 657.0) 173.0) 40.0 || Sept. 17 139.0) 5.70} 4.10) 708.2) 159.5} 40.0 
dwihy Osa see 160.6) 5.94) 3.70) 677.0) 197.5} 40.0 || Sept. 27- 115.6) 4.68) 4.05) 707.9} 133.0} 40.0 
July Qe. =. 162. 6) 5.85} 3.60} 676.0) 200.0} 40.0 || Oct. 7....-- 111.4) 5.24) 4.70) 695.5} 149.0] 40.0 
uly29 oe 153.8} 5.54} 3.60) 693.0) 199.5) 40.0 a 
ATI OS Ona 131.0) 4.72) 3.60} 745.0) 183.5) 40.0 Motalss3| 22019 SiAeeT bl sens See 2,471. 5)570.0 

COW 5, TICK-FREE. 

May 30.-... 221. 8) 7.98) 3.60) 746.4) 171.5) 60.0 |) Aug. 18_.... 118. 2) 4.92) 4.15) 758.0) 155.0} 40.0 
June 9_..... 203.4) 7. 32} 3.60} 754.0) 173.5} 53.0 || Aug. 28....- 105. 2) 4.73) 4.50] 783.0) 154.C} 40.0 
AjbWays\al@) eee 192. 5| 6.74) 3.50) 762.0} 167.5) 50.0 |) Sept. 7 98. 5} 4.43) 4.50) 805.0} 158.5) 40.0 
June 29..... 179. 2| 6. 63) 3.76] 752.0} 155.0) 40.0 || Sept. 17..... 95. 4| 4.29) 4.50) 810.4] 149.5) 40.0 
Suliy9e as 170. 4| 5.79) 3.40] 740.0} 158.0) 40.0 || Sent. 27..... 69. 8} 3.49) 5.00} 817.2) 153.5} 40.0 
July 19.._.. 156. 2) 5. 62! 3.60) 723.0} 158.5) 40.0 |) Oct. 7...... 49.2) 2.66] 5.40) 806.8} 144.0) 40.0 
July 29..... 137.2) 4.94) 3.60) 736.0) 158.0} 40.0 
IATIONM Sees 113. 9] 4.21] 3.70) 841.0} 1383.0) 40.0 Motal= = OlOLO Fae 75love eee oa 2. 189. 5/603. 0 

COW 6, TICK-FREE. 

May 30..... 268. 6) 9.13} 3.40) 729.2) 172.5) 68.0 |) Aug. 18....-. 176.0) 7.04) 4.00) 742.0} 185.0) 70.0 
UTE; Oe eee 261. 5) 8.37) 3.20} 723.0) 179.5} 67.0 || Aug. 28 189.0} 7.56] 4.00) 733.0) 199.5} 70.0 
June 19..... 247. 7| 8.05] 3.25) 739.0) 177.5) 70.0 || Sept. 7... 179.3) 7.35] 4.10) 734.0} 190.0] 70.0 
June 29..... 233.0) 7.46} 3.20) 719.0} 173.5) 70.0 || Sept. 17...-. 179.9] 6.84} 3.80) 743.0} 177.5] 60.0 
‘hy; Doc abas 242. 8] 8.26] 3.40) 717.0) 199.5] 70.0 || Sept. 27..... 150. 6) 6.02) 4.00) 754.2} 175.5] 60.0 
July 19..... 238. 7) 8.35] 3.50) 736.0} 200.0) 70.0 || Oct. 7...... 135.5) 5.83} 4.30) 772.1) 175.5} 60.0 
aly;29 See 218.3) 8.51} 3.90) 729.0} 198.5] 70.0 ——— aaa 
JNU RRs ole 183. 6} 6.43} 3.50) 810.0] 180.5} 70.0 Rotal<=|2"904'5|/105:20|2- 2. |scceee 2, 584. 5/945. 0 



20 BULLETIN 147, U. S. DEPARTMENT OF AGRICULTURE. 

Taste I1.—Individual records of experimental cows by 10-day periods—Continued. 

COW 7, TICK-FREE. 

Milk production. eee eon Milk production. tens 

Ten-day | J Ss 43 Men-dayea sya bse lic as 
period ee eres eee period en Sesion | os: 
ended— Au |AS| 2S] Ss ended— Aig [ies eS | os 

Sa |euleul| = St |oulouM|.F 
of |oS|S5 S, =: r| of |om|os ‘< 5 A 

BA /EE/EE| 3 | & | A |RSS) 3 | & |e 
< <0 16 4 q o < ae ea) q S) 

1913 Lbs. | Lbs.|P.ct.| Los. | Lbs. | Lbs. 1913 Lbs. | Lbs.|P.ct.| Lbs. | Lbs. | Lbs. 
May 30....- | 138.7] 5.13] 3.70) 660.9} 171.0) 40.0 || Avg. 18_...- 121. 4] 5.04] 4.15) 659.0] 186.0] 40.0 
Juneros. 2-25 127. 4| 5. 67| 4.45) 738.0) 176.5) 34.0 || Aug. 28 121. 6) 5.84) 4.80} 647.0) 198.0) 40.0 
June 192... - 128. 2} 4.87] 3.80) 652.0) 179.5) 40.0 || Sept. 7 115. 7) 4.98) 4.30) 651.0) 198.5) 40.0 
June 29..... 133. 0} 5.19} 3.90) 642.6} 179.5) 40.0 || Sept. 17.-... 121. 5} 5.29) 4.35) 661.5) 181.5} 40.0 
July'9.. =... 147. 5) 5.97] 4.05) 644.0) 198.0) 40.0 || Sept. 27....-. 108.9} 4.90) 4.50) 678.9) 178.5) 40.0 
July, 19222. - 146. 8| 5. 87] 4.00) 633.0} 197.0) 40.0 |] Oct. 7...... 105.1) 5.04) 4.80 685.9] 180.0) 40.0 
July 29 ess 2 138. 8) 5.69) 4.10) 646.0} 210.0) 40.0 
Aug. 8.....- 120. 6) 4.82) 4.00) 704.0) 187.5) 40.0 Total Ve 77822 (4580522 2| Leese 2, 621. 5/535. 0 

COW 8, TICK-FREE. 

May: 30-222. 174.1); 6.27) 3.60! 839.9) 178. 0 48.0 || Aug. 18 137. 7| 4.99) 4.35) 818.0} 192.5] 50.0 
Jue = 22 153. 4| 5.83) 8.80) 840.0) 180.0) 44.0 || Aug. 28 134. 1) 6.20) 4.70) 864.0) 200.0) 50.0 
June 19...-. 151. 3] 5:67] 3.75) 842.0} 179.5) 50.0-|| Sept. 7..--.. 121. 2) 5.33) 4.40) 872.0} 200.0) 50.0 
June 29..... 154.0) 6:01) 3.90) 785.0; 180.0} 50.0 |} Sept. 17..... 118.0) 5.78) 4.90) 882.5) 197.0) 50.0 
July Ox 2o52 160. 2) 6:09) 3.80) 807.0} 200.0) 50.0 || Sept. 27 105. 5) 5. 28) 5.00) 893.2} 200.0) 50.9 
July 19..... 157. 7| 5.99} 3.80) 813.0) 200.0} 50.0 |) Oct. 7....-- 90. 8) 4.77) 5.25) 922.6} 200.0) 50.0 
Julys29 2-2-2 155. 1} 6: 36] 4.10} 816.0} 220.6) 50.0 |} 
AUIS eee 123. 4; 5. 06)-4.10) 914.0) 216.5) 50.0 Total 1,936. 5|79.78)5--2-|2- cass 2,740. 5/692. 0 

COW 9, TICK-FREE 

May 30...-- 133.7) 5.21) 3.90) 500.5} 157.5] 31.6 || Aug. 18._--- 132.9) 5.71] 4.30) 523.0} 169.5) 40.0 
June 9...--- 115. 8) 4.40) 3.80) 505.0} 160.0) 33.0 || Aug. 28 125. 6) 5.02} 4.00) 541.0) 168.0} 40.0 
June 19..... 118.1] 4.25) 3.60) 540.0) 160.0) 40.0 || Sept.7..... 124.5) 4.73) 3.80) 541.0) 152.5} 40.0 
June 29..... 132. 8| 5.05) 3.80) 508.0; 156.0} 40.0 || Sept. 17..... 126. 2) 5.17| 4.10) 544.5) 139.0) 40.0 
July Ooecs-2 | 144.1) 5.53) 3. 85} 502.0} 172.0} 40.0 || Sept. 27..... 112. 4) 4.83) 4.30} 547.4) 134.0) 40.0 
July 192 S22 145. 0} 4.93} 3.40) 523.0} 179.5) 40.0 || Oct. 7...... 108. 2| 4.44) 4.30) 552.7! 139.0) 40.0 
July 29...-- 140. 4) 5.34) 3.80) 519.0) 180.0) 40.0 } 
ATION Sse eee 119. 6} 3. 95} 3. 30) 596.0) 162.0) 40.0 Wotals..|1;.77423168.08i2. 22 | see eee 2, 229. 0.554. 6 

| | | 

COW 10, TICK-FREE. 

May 30...-- 167. 3) 6. 1 3.65} 760.8! 173.0) 48.0 || Aug. 18..... 95.5} 4.30) 4.50) 749.0) 160.0) 40.0 
June 9....-- 134.3) 4.78) 3.55) 778.0) 179.5) 42.0 || Aug. 28..... 95. 8} 3.93) 4.10) 729.0) 179.0) 40.0 
June 192-2 103.1] 3.61) 3.50} 779.0) 174.5} 40.0 |} Sept. 7.--.... 102. 4) 4.05) 3.95) 769.0) 177.0) 40.0 
June 29....- 135. 2| 5.27| 3.90) 727.0] 176.0} 40.0 || Sept. 17..... 110. 4} 4.04) 3.65) 772.6) 178.5} 40.0 
JAY O spe 140. 8| 4.79) 3.40) 750.0} 199.0) 40.0 | bept..27.- 2-2 97. 3} 3.89) 4.00) 778.9} 180.0} 40.0 
MAY 19s 149.9) 5.55) 3.70) 753.0} 200.0) 40.0 || Oct. 7....-- 89. 2) 3.66) 4.10) 787.2) 180.0) 40.0 
Jay 29 ss. 02:2 144.7) 5.50) 3.80) 733.0) 200.0) 40.0 
Aug. 8...... 117.1) 4.22 3.60, 822.0] 181.0) 40.0 Total. ..|1, 683. 0/63. 70|.....|.....-- 2,537. 5570.0 

he 3 | 

COW 11, TICK-INFESTED. 

May 30..... 208. 7 8. 74| 4.20] 813.9) 175.5) 54.8 4,29] 3.95] 816.0) 189.5} 40.0 
June 9...... 180. 4) 7.04) 3.90) 818.0) 179.0) 52.0 5.01} 4.60) 829.0} 200.0] 40.0 
June 19..... 169. 3) 6.77} 4.00) 842.0} 180.0) 52.0 4. 89] 4.30] 829.0) 196.0} 40.0 
June 29..... 152.1) 6.24) 4.10) 800.0) 180.5) 40.0 5. 02} 4.60) 836.1] 198.5] 40.0 
July Dee sa22 172.5} 6.90) 4.00) 818.0) 200.0) 40.0 4.75) 4.80} 857.9] 197.5} 49.0 
July 19....- 145. 4) 5.39) 3.70) 813.0) 198. 0) 40. 0 4.95) 4.80) 862.4) 198.5} 50.0 
July 29.....| 141.9) 5.53] 3.90} 807.0) 200.0) 40.5 
ATP. 8:22. 101. 0) 3. 64) 3. an 909.0) 183. 9 40. Total...)1; 913. 4179.16). --2|.c.-22 2,676. Bigs 3 

| 



EFFECT OF CATTLE TICK ON MILK PRODUCTION. 

Taste I1.—Individual records of experimental cows by 10-day periods—Continued. 

COW 12, TICK-INFESTED. 

Milk production. Peedcor Milk production. Yeedicon 

Ten-day ee Bee S 3 Ten-day 5 ye ro) ze) 

period Pe eiltons) |) “ah period ate ces Wesel aca 
ended—amil senna basi) 12 ended— Ag |a& | SS) 

oe Bulow! & : = Bi) soa) F : 
° Oras ba rs| ° Ora | or by, , | 

ge \eelea| S| & | 3 fe Nee SS se | ele 
ae [eae aie a) ast ell ae A aa lI m1 Ss 

1913. Lbs. | Lbs.|P.ct.| Lbs. | Lbs. | Lbs 1913 Lbs. | Lbs.\P.ct.| Lbs. | Lbs. | Lbs. 
May 30...-- 221.0} 7.62) 3.45) 640.2) 154.5) 58.0 || Aug. 18_--.. 135. 5} 5.01) 3.70) 620.0) 172.0) 60.0 
June Oe: | 213.6) 6.73] 3.15) 643.0) 171.5] 55.0 || Aug. 28-.--- 122. 2) 4.77) 3.90 622.0) 166.0 60.0 
June 19..... 209. 7| 7.34) 3.50) 675.0} 179.0) 62.0 || Sept. 7.----- 130.1) 4.55) 3:50) 622.0) 161.0) 60.0 
June 29..... 200. 3) 6.01} 3.00) 648.0} 181.5) 60.0 |} Sept. 17----- 118. 0) 4.90) 4.15) 622.0) 154.5) 60.0 
Vity. 9s 199. 0} 6.57) 3.30} 623.0] 192.5) 60.0 || Sept. 27...-- 112. 4) 5.17) 4% 60) 626.7) 164.5) 60.0 
July 19...-- 192. 9] 6.75! 3.80} 623.0) 191.0} 60.0 || Oct. 7....-- 110.2 5.07, 4.60) 655.3) 174.5) 60.0 
VTlye29 eee 161.0) 6.08) 3.80) 628.0} 173.0) 61.5 
LNs 143. 0} 5.15) 3.60} 715.0) 169.0) 60.0 Total. .|2; 268. 9:81. 72)2= 22 )2 022. -- 2, 404. 5 836.5 

COW 13, TICK-INFESTED. 

| 

May 30...-- 224.6, 8. 53 3.80, 587. 7 152.5] 58.0 | dN pa Sae 153. 51 6.14) 4.00) 591.0) 189.0) 60.0 
June 9_..-.. 224.9 8.55) 3.80) 578.0) 156.0) 56.0 || Aug. 28..... 146. 2) 6.14) 4.20) 594.0) 184. 5 60. 0 
June 19... 219.6) 8.23) 3.75) 590. 0 178. 0} 62.0 || Sept. 7 134.5) 5.65) 4.20) 564.0) 158.5) 60.0 
JUNE ZOE e—- 213.9] 7.91] 3.70) 567.0} 179.0] 60.0 || Sept. 17.-.--. 116. 0) 5.63) 4.85) 565.7] 136. 5) 50.0 
Jily Oss. = | 913.7) 8.65] 4.05} 582.0) 195.5] 60.0 Sept. 27..--- 110.6, 5.64) 5.10) 566.5) 139.5) 50.0 
ily Ose 211. 2| 8.03} 3.80) 578.0} 200.0) 60.0 || Oct. 7...... 103. 0) 5.67| 5.50) 5738.9) 139.5} 50.0 
ilye29 ee oe 190. 8) 7.63) 4.00) 590.0! 197.5) 61.5 : 
Aig! Geko: 148.9| 5.81] 3.90) 649. | 191.5) 60.0 Total. ..|2, 411.498. 21|.....|.....-- 2,397.5 807.5 

| | | 

COW 14, TICK-INFESTED. 

‘ | | 
May 30...-- 128.7) 4 50 3.50) 664. 1 166. 5] 32.0 || Aug. 18..... 95.0) 3.74) 3.95) 665.0) 178.0) 40.0 
June 9...... 125.2) 4 07, 3:20|\ 5.000. 0) 168. 0; 32.0 | Aig 282252 101.5) 3.86) 3.80} 651.0} 182.0 40.0 
June 19..... 119. 6} 4.19} 3.50) 676.0) 177.5) 42.0 || Sept. 7..-... | 102.6} 3. 28) 3.20} 669.0) 173.0 40.0 
June 29..... 116. 7| 4.08) 3.50) 648.0) 160.0) 40.0 || Sept.17..-.. 112.1) 4.09) 3.65) 684.6) 179.5) 40.0 
July 9....-- 120. 0) 4.20) 3.50) 655.0) 189.5) 40.0 || Sept. 27...../ 99.1) 4.16) 4.20) 696.0) 176.5) 49.0 
July 19....- 120.5} 4.10) 3.40} 665.0} 180.0) 40.0 || Oct. 7.....- | 101.9) 4.08) 4.00) 707.0) 172.5) 50.0 
DUlyp29 ereie 2 112.9] 3.84) 3.40) 640.0) 180.0) 40.5 || 
INDE G tees oe 85. 2| 2.90} 3.40} 730.0) 168.5) 40.0 Total... ./1,541.0|55. 09). 22 Jess 22. 2,451. 5 565.5 

COW 15, TICK-INFESTED. 

| | 
May 30...-- 250. 4) 8.01) 3.20! 865.6) 176.0) 68.0 || Aug. 18..... 163. 9} 5.41) 3.30) 853.0) 188.5) 70.0 
Arie) o 5s 247.5) 7.18) 2.90) 863.0) 180.0) 62.0 || Aug. 28..... 168.3) 6.06) 3.60) 881.0) 196.0) 70.0 
June 19..... 244, 9) 7.47| 3.05| 886.0} 180.0) 72.0 || Sept. 7....-. 151.1) 4.53) 3.00} 818.0) 183.5) 70.0 
June 29....- 235.9) 7.55] 3.20) 816.0) 181.5] 70.0 || Sept. 17..... 120. 2) 4.21) 3.50) 832.2) 174.5) 60.0 
Dilys Weyer oe 240.6) 6.98) 2. 90) 864.0; 199.0) 70.0 || Sept. 27 79. 7| 3. 75| 4.70} 825.9) 156. 0) 60.0 
Dilys tOA nee 235.1) 7 52} 3. 20) 868.0} 200.0) 70.0 || Oct. 7....-- 5.0} 0. 24) 4.70) 801.8 14.0} 6.0 
July 29.2... 207.9) 6.65) 3.20) 846.0] 217.0] 70.5 | | | 
Ag. Bi e222: 170. 7| 5. 2 3. 10 925.0) 194.5) 70.0 Potale=|2°52152180585| eo. a=) sane ae 2, 440. 5/888. 5 

COW 16, TICK-INFESTED. 

May 30...-- 154. 3) 5.39) 3.50) 763.0) 170.0) 40.0 || Aug. 18..... 107.7} 4.20) 3.90) 783.0) 188.5) 40.0 
IaneyQeee = 162. 8) 5.70) 3.50) 757.0} 176.5) 38.0 || Aug. 28..... 97.6} 3.90} 4.00) 776.0) 197.0! 40.0 
June 19..... 154.5} 4.94) 3.20) 768.0) 179.5) 42.5 || Sept. 7...--- 89. 3) 3.75) 4.20) 749.0) 182.5) 40.0 
June 29..... 145. 9) 4.96) 3.40) 741.0) 182.0) 40.0 || Sept.17..... 84, 2| 3.37| 4.00| 772.5] 172.0] 40.0 
Juliya Oe ere 153. 6} 4.99) 3.25) 752.0) 195.5) 40.0 || Sept. 27..... 74.1] 3.45) 4.65) 788.0! 177.0) 40.0 
July Ase. 156. 8) 4.70] 3.00} 735.0) 200.0} 40.0 || Oct. 7...... 64.0) 3.20) 5.00) 811.7) 176.0} 40.0 
Duliye20 he Se 140.9} 4.65) 3.30) 764.0) 200.0) 40.5 | | | 
Aug. 8...... 117.3] 3.75| 3.20} 831.0} 183.5) 40.0 Total. ./1, 703. oe 95| svcd saan. '2, 580. 0.561. 0 

} 
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TasLe I1.—Individual records of experimental cows by 10-day pertods—Continued. 

COW 17, TICK-INFESTED. 

nee ‘ Feed con- a F Feed con- Milk production. Sana Milk production. Sinai. 

Ten-day | 3 ae alta a3 Ten-day ee -~ |s5 y 

period in Bae os] "Sb period : io Veserss| ese 
ended— |.qu /aee|9S| 3 ended— au las | Ss) go 

| 23 |Z lee] = F se lod e4| & [S| Oca b - & mH | Om Bb f  jealse| 2 | B | 8 e |eeige| 8 | & | 
< < |e 4 q S < i pon a) am i) 

1913 Lbs. | Lbs.|P.ct.| Lbs. | Lbs. | Lbs. _ 1913 Lbs. | Lbs.|P.ct.| Lbs. | Lbs. | Lbs. 
May 30...-- 144. 4) 5.05) 3.50) 729.2) 176.0} 40.0 || Aug. 18. 98. 8} 3. 89) 3.95} 778.0) 186.5) 40.0 
JUNE:9e e222 134.3) 4.53).3.35]. $13.0) 179.5] 36.0 |/- Aug. 28. 78. 8} 2.99} 3.80} 763.0) 184.0) 40.0 
June 19....- 142.1) 5.04) 3.55) 762.0} 178.5) 42:5 || Sept. 7..... 67.9] 2.82) 4.15} 760.0) 170.0} 40.0 
June 29..... 137. 4| 4.67} 3.40) 717.0} 180.5] 40.0 || Sept. 17..... 71. 4) 3.21) 4.50} 764.8! 169.5] 40.0 
Afrp tly ais eee ere 144. 2) 5. 48] 3.80} 744.0) 200.0) 40.0 || Sept. 27... 59. 0} 2.92} 4.95} 775.8] 172.0) 49.0 
July 19..... 186.2) 4: 53)'3. 40). 726;0). 200:.0|; 40.0 || Oct. 7: 222. 49.5] 2.40) 4.85} 807.2) 170.0} 50.0 
duly 2925-22 126.1) 4.16} 3.30) 746.0) 199.0] 40.5 —|— — = 
ANE 822225 92.1) 3.18] 3.40} 833.0) 181.0) 40.0 Totals. 2 |], 48259154; 82) 05. 3 |Uee aoe 2, 546. 5/578. 0 

COW 18, TICK-INFESTED. 

May 30...-- 145.7] 5. 25| 3.60] 624.3} 155.0] 43.2 || Aug. 18.. 79.6] 2.99] 3.75] 657.0| 173.0} 40.0 
June 6.----- 152.5] 5.49] 3.60) 623.0] 149.5] 36.0 || Aug. 28. 67.1] 2.55) 3.80} 658.0} 182.0} 40.0 
June 19..... 157. 5| 5.75] 3.65, 650.0} 155.0] 42.0 || Sept. 7.... 50.7] 1.93] 3.80) 663.0} 159.5] 40.0 
June 29... .. 151.1} 5.59} 3.70} 618.0] 157.5] 40.0 |} Sept. 17..... 30.7] 1.20) 3.90} 668.9) 137.5} 40.0 
Taal Oise sees ;< 147.8} 5.32] 3.60} 640.0] 185.5] 40.0 |} Sept. 27... 5.0] 0.18) 3.65) 680.9) 144.5} 49.0 
Duly 192 see 137.8} 5.24] 3.80} 640.0] 180.0] 40.0 |} Oct. 7....-- Dry.|Dry.|Dry.| 692.9} 137.5) 50.0 
July 292-2 128. 4) 4.88) 3.80} 653.0] 178.5] 40.5 
AUG. 85 ecas- 75. 0| 2.78} 3.70) 715.0] 159.0) 40.0 To talc 22|1 B2889 40515 1a 2 | ere 2, 254. 0/580. 7 

COW 19, TICK-INFESTED. 

May 30.-.-- 147. 4| 4.86) 3.30; 675.3} 157.0} 40.0 || Aug. 18. °101. 3) 3.85) 3.80 763. 0 160. 5) 40.0 
JUNE:9 S222 25 134.8] 4.31) 3.20) 649.0) 157.5] 37.0 || Aug. 28. 100. 1} 4.00) 4.00) 633.0) 161.5} 40.0 
June 19....- 132.5] 4.57| 3.45) 678.0} 160.0) 42.0 || Sept. 7..-... 93. 5| 3.74] 4.00} 654.0) 154.0) 40.0 
June 29..... 122.1) 4.40) 3.60) 653.0) 159.0} 40.0 |; Sept. 17..... | 82.1) 3.53} 4.30) 654.4) 134.5] 40.0 
JUL Ys Oe see 130. 1) 4.68} 3.60) 640.0) 180.0} 40.0 || Sept. 27-... 74.3) 3.45) 4.65} 666.3) 144.0} 49.0 
July 19222 127.5] 4.97) 3.90) 631.0) 162.0) 40.0 || Oct. 7...-.-. 69. 2} 3.18) 4.60} 681.8) 133.5) 50.0 
July 29....- 123.1) 4.31) 8.50) 643.0} 160.0} 40.5 - 
NU Seas a. 79.9} 2.50} 4.00} 703.0] 138.0} 40.0 Total DOL OlbGs00|2 ss < eae ee 2,161. 5|578. 5 

COW 20, TICK-INFESTED. 

May 30...-- 154. 4] 5.87) 3.80) 709.1} 176.0) 43.2 | Aug. 18.. 61.0) 2.47] 4.05) 754.0} 181.5) 40.0 
JUNG ORs Ae. 140.0) 4.90] 3.50) 731.0} 179.0) 39.0 | Aug. 28.. 53. 7| 2.26) 4.20) 752.0) 192.0) 40.0 
June 19.__.. 137.0) 4.93] 3.60) 740.0} 180.0) 42.0 | Sept. 7...... 44, 8).2.37| 5.30) 749.0) 168.0) 40.0 
June 29..... 135. 2] 4.73] 3.50} 708.0! 180.5) 40.0 | Sept. 17-..... 25. 1} 1.63] 6.50} 748.8} 135.5) 40.0 
UnilyOeecee 137.3} 4.81) 3.50} 738.0) 200.0) 40.0 | Sept. 27... 11. 4) 0.79) 6.90) 727.6) 145.5} 40.0 
Jitay LO seen 117. 8} 4.24]-3.60) 748.0} 200.0] 40.0 | Oct. 7...... Dry.|Dry.|Dry.} 734.6) 187.5} 40.0 
July 29... - 102. 9) 3.50} 3.40) 744.0) 200.0) 40.5 - : r 
AUS See ce ae 62.9) 2.20) 3.50) 813.0) 178.5) 40.0 Totale. 2/1, 9835 5|44.,70)| seas |e aoe 2,454. 0/564. 7 
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THE USE OF BACILLUS BULGARICUS IN STARTERS 
FOR MAKING SWISS OR EMMENTAL CHEESE. 

By C. F. Doane and EH. E. ELDREDGE, 

Of the Dairy Division, Bureau of Animal Industry. 

INTRODUCTION. 

The Swiss-cheese industry was introduced and is still carried on 
in the United States by settlers from Switzerland who were cheese- 
makers in their native land. Not many of them remain in the 
business in this country for any length of time, however, mainly 
because of the long hours of labor necessary under the present system 
of making cheese twice a day. But this system was inevitable until 
a sufficient knowledge of fundamental principles could be obtained 
so that the method of making the cheese could be altered without in- 
juring the quality of the product. As an art Swiss cheesemaking is 
very highly developed, but it is based on empirical methods. Few 
scientific principles have been found that are a help to the cheese- 

makers even in Switzerland, where the industry has been well estab- 
lished for a long time. 

Although some very fine cheese of the Swiss or Emmental type 
has been made in the United States, the quality has not averaged 
so high as that of the foreign-made cheese. The feed, pastures, 
climate, topography, and other conditions, so different from those in 
Switzerland, where the present system of Swiss-cheese manufacture 
was developed, naturally call for changes which could not be made 
in the absence of a knowledge of the causes which underlie the proc- 
esses of cheesemaking. Another contributory cause of low-grade 
American-made cheese has been the inadaptability of many of the 
cheese factories; their fitness for cheesemaking has sometimes been 
sacrificed to cheap construction. So many difficulties have been ex- 
perienced that cheesemakers were led to believe that it was impossible 
to make a good Swiss cheese except in a few localities. Some be- 
lieved, in fact, that there was no place in the United States where 

Notr.—This bulletin reports experimental work showing how to control undesirable 

fermentations and thus to provide a remedy for the most serious troubles which occur in 

making Swiss or Emmental cheese. It is of interest chiefly to manufacturers of that type 

of cheese. 

62121°—15 
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the product would equal in quality that made in Europe, since the 
same methods were used on both sides of the Atlantic. 

The most serious trouble of the cheesemaker occurred during the 
cold months, which led to the practice of making cheaper varieties 
of cheese in the spring and fall and closing down the factory for four 
months in the winter. This, of course, is a considerable handicap to 

the industry, and would not be necessary if there were sufficient infor- 
mation concerning the origin of and remedy for the faults in manu- 
facture. These unsatisfactory conditions led to the investigations 
reported in this bulletin, since it was believed that the present faulty 
methods might be corrected, provided the real causes of cheese defects 
were discovered. 

In the absence of exact knowledge it was natural that erroneous 
theories should become prevalent in regard to the feeding of the cows, 
the care of the milk, and the handling of the cheese; but as they were 

based on practical experience it has not been found advisable to set 
them aside without investigation. Apparently very unimportant 
changes made in handling the cheese were found to result in great 
changes in the quality of the finished product, and although changes 
in methods are necessary in order to produce the best quality of 
cheese, it is unwise to advise the cheesemaker to change his methods 
without substantial proof of the value of the change. 

The main trouble in making Swiss cheese is known to be caused by 
the development of undesirable types of microorganisms, some of 
which produce abnormal gas, causing what is known as “ nissler” or 
“pressler” cheese. ‘These undesirable organisms in Swiss cheese 
cause a lack of uniformity in the formation of the eyes. In some 
cases no eyes whatever are developed; this trouble is probably due to 
the absence of certain desirable types. At the beginning of this work 
it was thought that these faults might be overcome by the proper use 
of starters, which have become general in buttermaking, and their 
value has been frequently demonstrated. They have also been used 
to some extent in the making of Cheddar cheese. Unconsciously the 
makers of Swiss cheese have used starters with the rennet, a practice 
which has at times been of great value. But while the rennet starter 
has been the cause of much help, it has also caused trouble when the 
helpful species of bacteria usually present have for some reason been 
weakened. The full benefit of the starter was not obtained, in any 
event, since less than one-fourth of 1 per cent of rennet was used. 

THE SIGNIFICANCE OF BACILLUS BULGARICUS IN MAKING SWISS 
CHEESE. 

In selecting a starter for making Swiss cheese it is at once apparent 
that certain characteristics are desirable to make its use possible 
with the method of manufacture employed. The curd for Swiss 
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cheese is cooked at a comparatively high temperature, 126° to 136° 
F., and is cooled very gradually while the cheese is in press. This 
treatment checks temporarily the growth of most species of bacteria, 
including the lactic-acid bacteria, which are used for starters in the 
making of butter and Cheddar cheese. 

The Bacillus bulgaricus group of bacteria has the qualifications 
which apparently fit in with the manufacturing process of Swiss 
cheese. Investigators have found a wide variation in the tempera- 
tures at which different varieties will grow and in the amount and 
rapidity of acid formation. The presence of this group of bacteria 
in the rennet preparations was first recognized by Freudenreich and 
Jensen, who studied it and named it Bacillus casei «. ‘They came to 
the conclusion that it was largely responsible for the normal ripen- 
ing of the cheese, but Jensen apparently receded from this position 
a few years afterwards, though he still advocated the use of B. casei « 
in the preparation of rennet for the purpose of suppressing the 
growth of undesirable bacteria in the rennet solution. He has been 
supported in this by many of the European authorities, and pure 
cultures of B. bulgaricus have been furnished extensively to makers 
of Swiss cheese for this purpose. 

Peter and Held,? in discussing the sources of infection causing 
troubles with Swiss cheese and the influence of the rennet solution on 
the cheese, suggested the possibility of the cultures in the rennet sup- 
pressing undesirable gas-forming types of bacteria in the cheese. 

Gratz,? in some laboratory tests, found that a culture of Bacillus 
bulgaricus inhibited the growth of bacteria of the coli-aerogenes 
group in milk held at a temperature of 40° C. (104° F.). 

Burri,‘ in discussing the relative merits of commercial acid and 
pure cultures of Bacillus bulgaricus in making up the whey rennet 
solution, points out that B. bulgaricus suppressed the growth of gas- 
forming bacteria in the whey rennet. 

Thoni® showed the influence of B. bulgaricus in making good 
rennet. He reported some experiments in which rennet containing 
B. bulgaricus made good cheese, while cheese made with the natural 
rennet without this bacillus was gassy, evidently because the gas- 
producing bacteria made a very heavy growth in the rennet. 

1 Wreudenreich, Edward von, and Jensen, Orla. Die Bedeutung der Milchsiiurefer- 

mente fiir die Bildung von Hiweisszersetzungsprodukten in Hmmenthalerkiisen, nebst 

einigen Bemerkungen tiber die Reifungsvorginge. Landwirtschaftliches Jahrbuch der 

Schweiz, vol. 13, p. 169-197. Bern, 1899. 

2Peter, A., and Held, J. Praktische Anleitung zur Fabrikation und Behandlung des 

Emmentalerkiises. Second edition. Bern, 1910. 

3 Gratz, Otto. Studien tiber die Antibiose zwischen Bacterium casei « und den Bak- 

terien der Coli-Aerogenes-Gruppe. Zeitschrift ftir Girungsphysiologie allgemeine, land- 

wirtschaftliche und technische Mykologie, vol. 1, no. 3, p. 256-281. Berlin, June, 1912. 

4Burri, Robert, Reinkulturen oder Siuremischung beim Labansatz? Molkerei 

Zeitung, vol. 22, no. 33, p. 887-389. Berlin, 1912. 

5Th6ni, Johannes. Bakteriologische studien tiber Labmiigen und Lab. Hin Beitrag zur 

Kenntnis der Bereitung des Kiisereilabes. Landwirtschaftliches Jahrbuch der Schweiz, 

vol. 20, p. 181-242. Bern, 1906. 
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Jensen! advised the use of a streptococcus in connection with 
B. bulgaricus as a starter for suppressing undesirable bacterial 
growths in the cheese, but offered no proof of the efficiency of this 
combination of cultures. : 
Though it is generally believed that it 1s the lactic acid produced 

by different bacteria that gives different varieties their value in pre- 
venting the growth of undesirable forms of germ life, this assump- 
tion is seriously questioned by some bacteriologists, who think it 
possible that the formation of lactic acid is incidental and is not the 
active inhibiting principle. 
White and Avery? point out that cultures of B. bulgaricus grow at 

relatively high temperatures, forming acid as high as 50° C. (122° F.). 
They also show that relatively high percentages of acid are formed 
in milk, reaching as high as 3.1 per cent. 

Hastings and Hammer ? give 4.09 per cent as the maximum amount 
of acid found in milk. They find that B. bulgaricus is distributed 
very widely and generally in dairy products of all kinds. Mention 

is made especially of its presence in the milk and whey at Swiss- 
cheese factories. 
Heinemann and Hefferan* also noted the general distribution of 

B. bulgaricus, its high growing temperature and its ability to form 
acid in milk. 

The authors quoted found a very great difference in the maximum 
amount and the rapidity of acid formation of different cultures. 
Cultures also lose their ability to form acid to a great extent when 
carried under laboratory conditions. The growth of M/ycoderma on 
the surface of the whey starter greatly facilitates the growth of the 
B. bulgaricus culture used. Théni® in some tests with the Myco- 
derma found that while the whey culture of B. bulgaricus without 
the I/ycoderma showed at the end of 24 hours 7,000,000 and 18,000,000 
bacteria per cubic centimeter, with the Mycoderma the numbers 
were 136,000,000 and 200,000,000, respectively, and the increase of 
acid with the I/ycoderma was more than one-half. 
In our own work we have found that B. bulgaricus can form as high 

as 2 per cent acid in whey, and we found that with the culture iso- 

1 Jensen, Orla. Ueber die im Emmentalerkiise stattfindende Milchsiiuregiirung. Milch- 

wirtschaftliches Zentralblatt, vol. 2, no. 9, p. 398-414. Leipzig, Sept., 1906. 

2 White, Benjamin, and Avery, Oswald T. Observations on certain lactic-acid bacteria 

of the so-called bulgaricus type. Centralblatt ftir Bakteriologie, Parasitenkunde und 

Infektionskrankheiten, Abteilung 2, vol. 25, no. 5/9, p. 161-178. Jena, Nov. 30, 1909. 

® Hastings, Edwin George, and Hammer, B. W. The occurrence and distribution of 

organisms similar to B. bulgaricus of yogurt. Centralblatt fiir Bakteriologie, Para- 

sitenkunde und Infektionskrankheiten, Abteilung 2, vol. 25, no. 14/18, p. 419-426. Jena, 

Dec. 22, 1909. 

4 Heinemann, Paul Gustav, and Hefferan, Mary. <A study of Bacillus bulgaricus. Jour- 

nal of Infectious Diseases, vol. 6, no. 8, pp. 304-318. Chicago, June 12, 1909. 

5 Loe. cit. 
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lated at Albert Lea, Minn., the most favorable temperature was 49° C. 

in making Swiss cheese began in the winter of 1910-11 at Albert Lea, 

EXPERIMENTS WITH BACILLUS BULGARICUS STARTERS. 

Our experiments with cultures of Bacillus bulguricus as a starter 
-in making Swiss cheese began in the winter of 1910-11 at Albert Lea, 
Minn. The work was continued at State College, Pa., and finally 
completed in the laboratories at Washington. The milk delivered 
for cheesemaking at Albert Lea was of very poor quality, being very 
gassy, and it was impossible to secure any that was not badly in- 
fected. A long series of experiments in pasteurization had not 
proved entirely successful, and experiments to discover a bacterial — 
culture that would prove efficient in suppressing gas-forming bac- 
teria were begun. A number of different cultures of B. bulgaricus 
were used under varying conditions and at all seasons of the year. 

In Table 1 are given the results obtained with B. bulgaricus cul- 
tures that proved efficient in suppressing gas-forming types of bac- 
teria when used in what would probably be considered as reasonable 
amounts of starter; that is, where the starter was less than 2 per cent 
of the total amount of milk used. The cultures used were obtained 
from different sources. Culture 39a was very active and was the only 
culture of B. bulgaricus used at Albert Lea, Minn.t Cultures I$ 
and 44H were isolated in the Washington laboratories. 

In the experiments recorded in Tables 1 and 2 all the milk was 
first put into one kettle, where it was thoroughly stirred and then 
divided. As the kettle and all other apparatus used were thoroughly 
cleaned before using, identical conditions in both lots of milk were 
insured. 

Probably every lot of milk used in these experiments was as badly 
contaminated with gas-forming bacteria as the mixed milk would 
be in any commercial Swiss-cheese factory on any day of the year. 
Nevertheless from this milk, by the use of these starters, we were 
enabled to make a perfectly sound cheese that did not develop into 
a “nissler” or “ pressler.” 

The milk used at the Washington laboratories came from the herd 

owned by the Dairy Division and was almost free from the faults 
common to ordinary factory milk. There may have been no occa- 
sion for using a starter with this milk to suppress gas-forming bac- 
teria. At this time culture 39a, by being carried in the laboratory, 
had lost much of its power to form acid, but was still active enough 
to retain its efficiency in suppressing undesirable gas formers. A 

1 This culture was isolated by Mr. B. J. Davis, of this laboratory, who was in search of 

a strain of high acid-producing bacteria for pure cultures in buttermaking. This culture 

produced 3 per cent of acid in milk, but only 2 per cent in whey. 
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few additional tests were made with Bacillus bulgaricus starter, 
using fresh cow manure for contamination, and with cheese 31, 
Table 1, enough manure was added to the milk to give it a shght 
color. The result of this test, in which culture W was used, is seen 
in Plate I, which illustrates the efficiency of this starter on gas-pro- 
ducing bacteria. This test was perhaps no more severe than many 
others that were made. The two cheeses were cut 24 hours after 
making from the same lot of badly contaminated milk. The upper 
cheese shows the effect of the starter; the lower cheese, made with- 
out starter, is badly “nissler.” This exper?ment was not made to 
determine whether or not contaminated milk would make good cheese, 
but to test the effect of the starter on milk heavily inoculated with 
gas-producing bacteria. The cheese, as was to be expected, was not a 
normal cheese; it had a strong, bitter taste, but abnormal gas forma- 
tion was entirely suppressed. 

TABLE 1.—Showing suppression of gas formation in Swiss cheese by the use of 
Bacillus bulgaricus cultures in normal amounts. 

Starter. Condition of cheese. 

Cheese | Culture 
No. No. 

Amount. | Acidity. Starter. No starter. 

Per cent. | Per cent. 
1 39 a 1 1 INO'P8Ss oA etek anno teen oes eee ss oes 
2 39 a 1 Ne De lsc COL see ease cess nts 2 Beaton ergaeeens 
3 39a i #9 | Slightly igassy<r:...ctcndceetsedsceds Saemmnsees Very gassy. 
4 39a 1 Asal SHO Reisassye sass ceces cee an eee eee ee Do. 
5 39 a 1 22 | INOWAS 5 ¢ facies ce Sew ccoekan deasence hates ee Do. 
6 39 a 1 Ped eete C0 (oe Preah ee ene en ee ga Do. 
Uf 39a 1 nie a eee GO ee senate S Non oes ens cic ae Se ee Do. 
8 39a serie PO) ssa AO. cack Maaco ttomectietoues sateae ore Do. 

10 39a 15 Soe | eremee: GOS sas heteeies sere eee cee eee Gassy. 
11 39 a eo A eee On 62s sie hiew sate te eacoaee eee ee eo Do. 
4 39 a 1.5 0) |oxsce COL OMe Sac Does eee ae eee tee Very gassy. 
13 39a . 66 a8 | LUSTY? PASS Vic eels neere ee oie store tena eae cele Do. 
15 Is a hee; SOE ud eeeassye sete eee tao see ose Pee ae Gassy. 
16 Is 100 Ayal ere GOs ne case se soak Sones teeeee memes Very gassy. 
17 Is Teo 20) | 2e8ec COLE Rarer a eee oer et eeen pee seeee Do. 
18 Is af BOMMPIN OFS AS se eee eee oe ne te eee Gassy. 
19 Is 1 ai Neen gassy epesoete sete aoe Seaton Very gassy. 
20 44H 1 5/03 | WNOMAS sac eeiachs terest cicceva str epee ec eee Gassy. 
21 44H iL wai eee Se ao Ee cae Stee ee eee Slightly gassy. 
22 44 1 Pa oer COM eyes eee ae be oe ee Do. 
23 44H if Bla areas OO ee See ee ee ae een seen ee Gassy. 
24 44 1 Bele sece Osa asc oeere = ooo ease cements Slightly gassy. 
25 44 1:5 BO oes CLO oe Baten ae ae ye ete ec ae Agere Very gassy. 
26 44 i 1.5 2D) Wl BO: PASS esc cca eee a eer tegen Gassy. 
27 44i 1539 sO) lene CO eases ee ae ee ee eee eee Do. 
28 441 715 4g | POUSM tly Cassy etc len sees ce eee ame eee ee Very gassy. 
29 44 i es SD IRIN O SoS seeee oe ee el poe eae eerie Gassy. 
30 44 i 1.5 vA) | Wdgeivassyeetacs sheds cecccceecesee tein tee Do. 
31 W 2.0 BO IN OFBAS se cnet cree nae oom eee ee eee aren cee Very gassy. 

Attention is called to cheeses 4, 15, 16, and 17, Table 1, where the 
outside surface or “edge” of the cheese to perhaps a half inch or 1 
inch was badly gassy, while the center was entirely free from gas. 
The outside portion becomes cooled, allowing the gas-producing 
bacteria to damage this part of the cheese, while the inside portion 
remains at a temperature more favorable for the growth of B. bul- 
garicus. This illustrates excellently the fact that the long-continued 
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high temperature of cooking and pressing the curd is necessary to 
obtain the best results with Bacillus bulgaricus. 

Table 2 gives the results with starters made from a B. buigaricus 
culture that did not prove efficient unless used in comparatively large 
quantities, as much as 4 per cent of starter made with culture B being 
required thoroughly to suppress gas formers. Culture B was a com- 
mon type of B. bulgaricus, causing stringiness; that is, stringy or 
slimy milk and whey. This was the only culture of B. bulgaricus 
used that gave questionable results. 

TaBLe 2.—Hffect of Bacillus bulgaricus starter (Culture B) on suppression of 
gas formation in Swiss cheese. 

Starter. Condition of cheese. 

Cheese | Culture 
No. No. | | 

Amount.| Acidity. Starter. { No starter. 

Per cent. | Per cent. 
1 1 B OlS5 INO gases: 2. eee as Use nee S sea Very gassy. 

2 B . 66 TOE le Very, LASS ya Nee eee met ney nae Do. 
3 B . 66 1.4 ASS Yi. 02 Fh. eee pele SY SER LAS EG Ley teem eg Do. 
4 B - 66 1.5 | Very Bassy 5 a a LSE a NA, ail dana EO ae pena epee Do. 
5 B 55 DEAT ALO. 5:2 nae Nae OER ee iheeehe Dio: 
6 B 1 ott Slightly ASS Yj Roepe ee tein SR EEN esta ey a Do. 
a B 3 .8 Eidee SASSY! 52 ssa a EE Sa eg } Do. 
8 B 4 SQUINO Bases). 22 oe eee Aes ee ee ae Do 

More than 100 cheeses were made from milk known to be badly 
contaminated in which the starters showed positive results in secur- 
ing good cheese. Only those cases in which companion cheeses were 
made from the same milk, one with and one without the starter, have 
been included in Tables 1 and 2 

Table 3 contains the results with starters made from types of 
bacteria which cause the normal souring of milk and which are 
usually found in commercially pure cultures advertised for use in 
creameries and Cheddar-cheese factories. A few trials were made 
with starters prepared from these cultures and another commercial 
culture, but with poor results. 

TABLE 3.—Results of using starters made from common lactic types of bacteria 
in making Swiss cheese. 

Starter. Condition of cheese. 

Cheese | Culture 
N No. | 

Amount. | Acidity. Starter. No starter. 

Per cent. | Per cent. 
1 E 4 0. VICE VAL ASS Ye ge eae ee eens sce eI 
2 E Ab) Sinha s Off | osmee ONE SISA iRpaae pg 8. Bey. fo oe eta Se 
3 E 2 Gilessss Oa ae a eee pond ne pt Se Rta Bee 
4 E 2 Gi ee aoe LOD 7h eR Raa naps ss LCR i 
5 E 4 (ees LO re a seme UN LG eth ab 
6 SM 1 Geers Choe ARIE seie se Secs bee aS eI Seas 
7 SM 1 (a (6 Ko i Re er Os a Aoki epee an Se 
8 SM 1 ONE ae OBS a ae el 2 kes op ete 
9 SM 2 Gil |e GOA se ae ee eat Skee A Te TG 

10 SM 4 HOU bin holes case Meee eeeeeree aa see cece eemee 
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Some experiments not recorded in these tables showed very defi- 
nitely that the temperature of cooking the curd had a very material 
influence on the effectiveness of Bacillus bulgaricus starters. In a 

number of tests it was found that cheeses cooked at 125° F. or above 
were entirely free from gas. It appears probable that the higher 
cooking temperature served to check the growth of undesirable 
bacteria for a longer period or until the Bacillus bulgaricus secured 
a sufficient start to check their growth. 

EXPERIMENTS WITH BACILLUS BULGARICUS STARTERS IN A 
COMMERCIAL FACTORY. 

The results of our experiments led us to believe that we could 
demonstrate two points: First, that it was possible to overcome the 
faults of milk usually delivered to Swiss-cheese factories early in the 
spring; and, second, that it was possible to secure a normal eye 
growth with attending characteristic flavors by the use of cultures 
adapted for that purpose in cheese made early in the spring and in 
cheese made once a day instead of twice a day, as is the usual custom 
insummer. In order to study the use of Bacillus bulgaricus starters 
in a commercial factory, one of the authors spent two weeks, begin- 
ning the last week in April, 1913, in a factory where cheaper products 

(brick and Limburger cheese) were made early in the spring, or 
until the weather conditions became favorable for the making of good 
Swiss cheese. The value of these cultures should have been demon- 
strated earlier in the spring, but the factory did not receive milk 
enough to make one cheese a day until about May 1. The result of 
this work is compiled in Table 4. 

Taste 4.—Results obtained with Bacillus bulgaricus starters in suppressing gas 
formation in Swiss cheese under commercial conditions. 

Starter. 3 
% Condi- 

tion of 
cheese. 

Cheese 
No. Date. 

Amount.) Acidity. 

Per cent. | Per cent. 
i Nissler. 
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The starters used were prepared from pure cultures of Bacillus 
bulgaricus from the laboratory of the Dairy Division at Washington. 
As the temperatures were rather low at this time it was necessary to 
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EFFECT OF USING BACILLUS BULGARICUS STARTERS TO CONTROL FERMENTATIONS IN 

MAKING SWISS CHEESE. 

These cheeses were cut 24 hours after making from the same lot of badly contaminated milk; 
the upper was made with starter, the lower, without any starter, is badly ‘‘nissler.”’ 
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provide some means of keeping the starters at a temperature high 

enough to insure the growth of the B. bulgaricus. A well-insulated 
box was made for this, somewhat on the order of a fireless cooker, 
which maintained temperatures very satisfactorily on nights when 
the outdoor temperature was below freezing. Considerable diffi- 
culty with yeasts was experienced, making frequent changes of cul- 
tures necessary, aS noted on another page. The first six cheeses in 
Table 4 turned out “nissler,” which is an indication of undesirable 

gas formation. In all the experiments except No. 14 the cheese was 
made once a day, using a mixture of morning and evening milks. 
The farmers made no pretense of cooling the milk, and as a very 
large can holding about 200 pounds of milk is used, the large bulk of 
milk cooled very slowly, even on frosty nights. The night milk with 
this treatment had developed so much acid, or such.a growth of 
lactic-acid organisms, that in one instance the whey contained 0.19 
per cent of acid at the time the curd was dipped, whereas it should 
have contained normally but 0.12 per cent. In all cases there was a 
marked development of acid. From the results shown in Table 3, 
where the sour-milk starter designated in the table as SM was used in 
a commercial factory, it would appear that a high development of 
acidity in the milk from the growth of ordinary lactic-acid formers 
tends to give a “nissler” cheese. Apparently the milk must be sweet 
when delivered or the B. bulgaricus starters do not suppress all 
undesirable gas formers. 
When it was found to be impossible in the short time at our com- 

mand to induce the farmers to cool their evening milk, they were 
asked to deliver twice a day, as is the custom in the summer months. 
The night milk was then cooled in a kettle by means of a coil through 
which cold water was pumped. But as the temperature of the cooled 
milk was not lower than about 68° F., it could not be said that the 
milk was unusually well cared for. Beginning with experiment No. 
7, for which the night milk was cooled at the factory, we had milk 
sweet enough to work up in a normal manner, and the cheeses were 
all perfectly free from undesirable gas formation. 

The milk delivered generally to the factory was not of the best 
quality. The brick cheese made before these experiments was badly 
gassy, and fermentation tests made with the milk of individual 
patrons at short intervals during the experiments showed that more 
than one-half of the patrons delivered gassy milk, some of the sam- 
ples being very bad. It appeared that the starters were of great 
assistance in overcoming serious trouble with the gassy milk. Ordi- 
narily this factory would not have begun to make Swiss cheese for 
a month later than it was made successfully in these experiments, 
though the higher price of Swiss cheese is a great inducement to 
make this variety rather than brick cheese. 
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It is worthy of note in this connection that the good cheeses of 
this series, with one exception, developed very large, though too 
many, eyes; in fact, the cheeses were hurried to cold storage to 
prevent cracking from an excessive growth of eyes. No other cheese 
made at the factory the same season had a sufficient eye develop- 
ment, and no factory is able to secure a satisfactory eye growth so 
early in the season as this work was done. The unusual develop- 
ment of eyes in the cheese made in this experiment was secured only 
by the use of the cultures. The culture in this case was obtained 
trom one of our own winter-made cheeses that would rival any im- 

ported in eyes, texture, and flavor. It was ground up and incubated 
in whey for 24 hours. In these experiments unusually heavy cheese 
starters were used, which possibly accounts for too great a growth 
of eyes. The cheese made in this factory, after the experiments 
were completed and when the culture was not used, did not in any 
case show a satisfactory growth of eyes. Some cultures of Bacillus 
bulgaricus favor the growth of eyes more than others, but the use 
of starters for securing eyes in Swiss cheese will be discussed in a 
subsequent paper. 

From the results of the experiments with Bacillus bulguricus cul- 
tures it would appear that with their proper use in starters, Swiss 
cheese can be made in winter as well as in summer. It also seems 
practicable to make cheese once a day. However, B. bulgaricus cul- 
tures will not be a “ cure-all” for any condition of milk which care- 
less farmers may be able to bring about, but if the milk receives 
as good care as it receives when the best quality of cheese is made 
at the present time, and the evening milk is cooled at once after milk- 
ing so it will not have developed acid when delivered:to the factory, 
there should be no serious difficulty with the help of a good starter in 
making good Swiss cheese once a day and every day in the year. 

AMOUNT OF STARTER TO USE. 

We have found that 3 per cent of starter can be used without any 
indication of harmful results in the ripening cheese. Probably a 
greater amount of a weak culture or of a starter with a low acid 
content at the time of use could be employed. But 3 per cent of a 

strong culture with a high development of acid in the starter is 
apparently all that it is safe to use. More than 3 per cent of starter 
has in some instances apparently suppressed all tendency to form 
eyes, while the use of as much as 3 per cent has no apparent injurious 

effect on eyes, texture, or flavor. With a strong, active culture of 
Bacillus bulgaricus, 2 per cent of starter would undoubtedly prove 
more than sufficient to insure a perfectly solid cheese, excepting 
under the most extreme conditions of a poor milk supply. It is 
suggested that this amount be used, since it can be safely employed. 
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HOW TO SECURE CULTURES. 

The problem of securing cultures of Bacillus bulgaricus for mak- 
ing starters will, of course, be an important one. It would be de- 
sirable to have a commercial source from which the active, pure 
cultures could be obtained, but it will probably be some time before 
cultures can be obtained in this way. In the meanwhile a number 
of sources are open. Cheesemakers have, in fact, been using B. bul- 
garicus starters unconsciously, which indicates that this bacterium 
is ordinarily present in the milk or whey of all factories. This can 
be verified by allowing a sample of whey to stand for about 48 hours 
at 100° F. If an active culture of bulgaricus is present the whey will 
become so sour that it can early be detected by smell. It will be best, 
however, for the cheesemaker to provide himself with an acidimeter 
outfit to test the strength of the culture. This apparatus is simple, 
easy to operate, and can be obtained for less than $5. Its cost may be 
saved on one cheese by insuring a good starter, and it can be used to 
advantage to find new cultures of bulgaricus. Unfortunately, al- 
though B. bulgaricus seems to be present almost uniformly in the 
whey in Swiss-cheese factories, it sometimes becomes suppressed, and 
under these conditions the rennet putrefies and may cause serious 
trouble in the cheese. 

The B. bulgaricus organism is especially likely to be absent entirely 
or lost in the early spring or late fall under present conditions. This 
condition has been noted by many European writers who have 
published discussions on the comparative merits of pure cultures of 
B. bulgaricus and commercial acid (which goes under the com- 
mercial name of casol) for insuring a whey rennet that will be free 
from undesirable gas formers. But there need be no trouble from 
this source when an active culture of bulgaricus is present and proper 
temperatures are used. When the temperature conditions are not 
favorable for the growth of B. bulgaricus other types of bacteria may 
crowd it out, or it will develop so slowly as to have no effect. This 
accounts in a large measure, probably, for the poor results with 
Swiss cheese in the colder seasons and for the fact that even in 
Switzerland great difficulty is experienced in making good cheese in 
winter. 
A good culture of B. bulgaricus should be able to produce a maxi- 

mum of at least 1.5 per cent of acid in whey when carried 48 hours 
at 100° F., with an inoculation of less than 1 per cent. In our experi- 
ence it was not difficult to find B. bulgaricus cultures that gave an 
acidity in whey of over 1 per cent in 24 hours carried at 100° F. 
However, it has been found necessary in the laboratory to change 
occasionally, as the cultures apparently become weakened. 
When cheesemakers either lose their cultures or find by the use of 

the acidimeter that their cultures have become weakened, a number 
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of ways are open to renew or secure more active ones. Securing 
samples of whey from factories has proved to be the most satisfac- 
tory way of renewing cultures. This would be an easy method for a 
cheesemaker to follow. The Dairy Division often has samples of 
whey sent from Wisconsin factories, and will send out a limited num- 
ber of the most active bulgaricus cultures to those who are equipped 
to use them and will report the results of their trials. Another way 
would be to set individual samples of milk from patrons at the proper 
temperature (about 100° F.) for five days and select the one that 
developed the greatest acidity. Still another way is to grind up a 
piece of Swiss cheese in whey and carry at a temperature of 100° F. 
for five days. We have used this last plan on different cccasions, but 
it is open to two objections. The B. bulgaricus may lose its activity 
by being carried in the cheese. Again, in preparing a starter in this 
way the bacteria responsible for the eyes in the cheese grow with 
the B. bulgaricus, and the result is a cheese with a decided tendency 
to form too many eyes. This can in a measure be overcome by allow- 
ing the acidity to develop to a high point, which, judging from some 
of our results, kills the bacteria which form the eyes. 

In all the work reported here whey was used in preference to 
milk for making the starter. It does not develop so high an acidity, 
but it has two advantages which are very desirable in cheesemaking. 
A milk starter contains casein coagulated with acid and therefore 
contains a large part of the living bacteria which do not become 
thoroughly distributed throughout the milk. Whey has neither of 
these faults. It is possible also that whey would make a more satis- 
factory starter for other purposes, though it might not furnish all 
the qualities desirable in butter-making. 

KEEPING THE CULTURE AND STARTERS. 

Since Bacillus bulgaricus requires a temperature of about 100° F. 
for rapid growth, the proper conditions are not hard to obtain in 
summer, and have been supplied to cheesemakers as a rule in 
their method of carrying their rennet, where the warm whey con- 
taining the rennet is set above the fireplace or boiler, and as a result 
the bulgaricus grows rapidly and provides a good starter. At 
other seasons some extra means must be provided to insure the right 
temperature throughout the period required for the starter to attain 
a sufficiently high acidity. Perhaps as simple a method as any 
would be a fireless cooker or a well-insulated box of any kind. A 
square box insulated with granulated cork and with a receptacle 
for holding the whey which just fitted the inside of the box proved 
satisfactory for our work. If a fireless cooker is used the plates or 
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‘stones sometimes placed in them for maintaining heat must be at the 
proper temperature and would have to be used with the greatest care 

or the starter would be heated too high and sterilized. In any case it 
would be desirable to warm up the starter twice a day. 
_At the present time the cheesemakers take whey for the rennet 
direct from the kettles, usually before the curd is cooked. The 
starter could be taken in the same way, though it would probably be 
better to take out this whey after the curd is dipped. The tempera- 
ture used for heating the curd has no harmful effect on the 
B. bulgaricus while it checks temporarily the growth of most other 
organisms, probably including yeasts. This is permissible for carry- 
‘ing starters, though some writers have advised sterilizing the whey, 
which should not be done unless a mother starter is used for reinocu- 
lating. A putrefied rennet would be the certain result. Some have 
advised the use of rennet extract if the cheese shows any signs of 
abnormal gas formation. This might help if the gassy cheese were 
due to the loss of the bulgaricus culture, but as a general rule it would 
do more harm than good, for if the bulgaricus were present the use 
of a greater quantity of the whey would provide a better remedy. 

Cheesemakers would probably insure themselves against occasional 
troubie from undesirable fermentation if they would set the whey at 
the usual temperature 24 hours before adding the dried rennet. This 
would give the B. bulgaricus present a chance to get a good start 
ahead of any putrefactive bacteria which might be carried by the 
rennet. 

TROUBLE FROM YEAST. 

Usually it would be desirable to carry a mother starter, or culture, 
in a separate vessel, the mother starter being the name given to the 
small starter carried over from day to day for inoculating the main 
starter. It is necessary to carry this mother starter so that it will 
not become contaminated with yeast, which is apparently the only 
foe of the cheesemaker that Bacillus bulgaricus starters will not help 
to control. All other contaminations of the starter were held in com- 
plete subjection by the B. bulgaricus. At the factory where our 
experiments were made the contamination from yeasts was very 
serious; although all vessels used were sterilized and the whey starter 
was boiled, the yeast on one occasion spoiled the starter. The con- 
ditions in cheese factories seem to be favorable for the growth of 
yeasts; the air probably contains large numbers of yeast cells. 

A MOTHER-STARTER CAN. 

To overcome the difficulty from yeast contamination some means 
are necessary to insure a pure mother-starter which is protected from 
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contact with the air after sterilizing. A can or receptacle which 
works very satisfactorily was devised by one of the authors (see text 
fig. 1). This starter-can consists of two tanks (5) and (11) con- 
nected by a block-tin collar (7)—brass can not be used, as it prevents 
growth of the culture. In this collar is fitted a tinned plug (8), fas- 
tened to a tinned-brass pipe (6). A brass collar (1) large enough to 

let the block-tin plug 
2 pass through is fast- 

e ay )e ened at the top of the 
7 / upper tank. Into this 
! —_ brass collar is fitted 

a brass plug (2), 
through which passes 

the tinned-brass pipe 
(6). Both the pipe 
and plug are threaded 
to permit the raising 
and lowering of the 
block-tin plug (8) be- 
tween the two tanks 
without raising the 
brass plug in the 
top tank. When both 
plugs are in place 
there should be an 
opening in the pipe 
at the point (4) to 
permit the air to pass 
from the lower tank 
(11) to the upper 

329 tank (5) when the 
V whey is passing from 

a ae RES ae ae eee the upper tank to the 
Fic. 1.—A mother-starter can for carrying pure cultures. 

Although it was designed especially to prevent cultures lower tank. The end 
of Bacillus bulgaricus from yeast contamination in mak- of the brass pipe (6) 

ing Swiss cheese, it can be used for all whey cultures. 
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extending above the 
upper tank should be plugged with cotton to prevent any outside con- 
tamination when the starter is drawn from the lower tank. The open- 
ing (3) in the top of the upper tank for filling is plugged with a cork 
into which is fitted a thermometer. The pipe (12) for draining off the 
starter is placed about one-half inch from the bottom of the lower 
tank. This always leaves enough starter for reinoculation. The 
lower can is insulated with a zinc jacket filled with ground cork (9). 
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PREPARING THE STARTER. 

The starter can is first sterilized with steam or boiling water. The 
pure culture is then placed in the lower tank and the block-tin plug 
screwed down in place. The upper tank is then filled with boiling 
whey and the cork and thermometer inserted. The whey is allowed 
to stand in the upper tank until cooled to about 104°F. if Bacillus 
bulgaricus starter is used (in case the common lactic-acid type is used, 
the temperature should be 77° F.). The block-tin plug is then raised 
by means of the brass pipe to let the whey pass to the lower tank, 
where it is inoculated with the bacteria in the pure culture previously 
placed there. The block-tin plug is then replaced. The next day 
this starter is drawn off and the upper tank refilled with boiling 
whey, this operation being repeated from day to day. It is desirable 
to fill the upper chamber with the boiling whey in order that the 
chamber may be completely sterilized and all yeast cells destroyed. 
Milk can not be used in this apparatus, because the coagulated casein 
might clog the small pipe at the bottom of the lower chamber. 

It would appear probable that the starter-can described above 
might be used for carrying mother starters for all dairy purposes, 
if whey is used. Jt could be made in any size to suit, and it might 
be used for carrying the entire starter. Where used for a mother 
starter in a Swiss-cheese factory, the upper chamber should hold 
almost a pint and the lower chamber 14 pints. If it is used for 
carrying the entire starter, the upper chamber should hold 5 gallons 
and the lower chamber slightly more. For a Cheddar-cheese factory 
a can three times as large as for a Swiss-cheese factory might be 
needed. As already indicated, the mother starter for which the can 
is designed is a small starter carried under conditions to insure its 
remaining pure. The mother starter is added to the larger starter 
intended for the milk. 

To prepare the starter where this mother-starter can is used the 
whey used should be first heated by setting in boiling water and 
holding for not less than 15 minutes at about 200° F. It should then 
be cooled to 100° F. and 2 to 5 per cent of the mother starter added. 
The whey with the rennet added should then be carried at 100° F, 
for 24 hours, when it should have more than 1 per cent of acid. If 
the mother starter becomes contaminated with yeast, which may 
happen if whey from some other factory or any other means than a 
pure culture is used to renew the starter, the can should be drained 
and filled with boiling water two or three times successively to kill 
the yeast present and another start made with the culture or the 
whey, as the case may be. 

A growth of Mycoderma, which shows itself on the starter as a 
thin white film, is desirable for improving the efficiency of the starter. 



16 BULLETIN 148, U. S. DEPARTMENT OF AGRICULTURE. 

This could be grown in the mother starter, and if the whey mother 
starter is drawn to the level of the tube in the starter-can it will carry 
enough of the /ycoderma to inoculate the starter. 

SUMMARY AND CONCLUSIONS. 

Many cultures of Bacillus bulgaricus obtained from different 
sources were used as starters In experiments for suppressing gas- 
forming bacteria in milk used for making Swiss cheese. 

The ability to suppress undesirable fermentations was found to 
vary widely with different strains of B. bulgaricus. Several were 
able to prevent gas formation when the starter was less than 2 per 
cent of the total amount of milk used. Other cultures did not prove 
efficient with less than 4 per cent. 

Ordinary lactic-acid cultures were not successful in preventing gas 
formation. 

The application of the use of B. bulgaricus as a starter was tried 
in a cheese factory under commercial conditions. Good cheese was 
made at a season when it was not possible to make marketable Swiss 
cheese without the use of the cultures. 

The results of these experiments indicate that the maker of Swiss 
cheese can contro! the fermentations with some cultures of B. bulgari- 
cus; that a good quality of Swiss cheese can be made in winter as well 
as in summer; and that it is probably practicable to make cheese once 

a day instead of twice a day, as has been necessary in the past. 
Methods are described for preparing and keeping cultures. A 

new type of starter-can for carrying starter is illustrated and de- 
scribed. This starter-can may be used for other dairy purposes with 
whey starters. 
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INTRODUCTION. 

A fertilizer may be conveniently defined as any commercial mate- 
rial which, when added to a soil that has been brought into suitable 
condition for the growth of plants, produces an increased yield in 
crop production. In producing this result a fertilizer may act in 
various ways, bringing about an improvement in the chemical, 
physical, or biological condition of the soil, and generally in all of 
these. An improvement in all these three classes of soil conditions 
may also be brought about by other farm operations, as by tillage, 
green manuring, and the rotation of crops. To what extent these 
latter operations should be supplemented, or even in a measure re- 
placed, by the use of fertilizers so as to lead to the most profitable 
returns, is a matter which has given rise to a great deal of contro- 
versy, and there still remain considerable differences of opinion on 
the subject. This is due in a large measure to the fact that the 
results obtained from experiments carried on locally and under 
special conditions of farming are often quoted as applying to the 
whole country, and to conditions of farming of an entirely different 
type. It is quite evident, however, that any set rules governing the 
use of fertilizers in farm practice are only applicable when all con- 
ditions of soil fertility, climate, cultivation, and crop production are 
about the same. Fertilizers must therefore be used differently under 
different conditions, and it is universally admitted that when in- 
telligently applied, where the conditions warrant it, the use of the 
proper fertilizer brings profitable returns. 
A great many forms of fertilizers are used, but all those com- 

mercial products which are recognized as of value in the fertilizer 
trade have the common feature of containing one or more of the 

Noty.—This bulletin discusses the fertilizer value of radioactive materials; it is suit- 

able for distribution in any part of the United States. 

58972°—14 
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elements—nitrogen, potassium, phosphorus, and calcium. These ele- 

ments are therefore spoken of as fertilizing elements. 

It is further recognized that in a very general way the value of a 
material is proportional to the percentage of the fertilizing con- 
stituent or constituents present in soluble form. Because of its wide 

distribution, calcium can usually be obtained locally, and consequently 
it does not enter into the fertilizer trade in the same sense as the other 
fertilizing elements. ‘To each of the three remaining elements is given 
by common consent and as a trade practice a definite value per unit, 
which varies with the form in which the element occurs; the price 
set on a standard fertilizer, while thus in a sense an arbitrary one, 
is nevertheless determined in a scientific way by multiplying the 
percentages of the constituents present by their prices per unit and 
adding the products. 

If nitrogen, potash, and phosphoric acid are absent, the fertilizing 
value of the material as calculated in this way will be zero; and no 
material, with the exception of certain calcium compounds, as lime 
and gypsum, that does not contain one or more of the constituents 
referred to is recognized at present by agricultural scientists as hav- 
ing commercial value as a fertilizing agent for general farming. 

Notwithstanding these facts there have frequently been placed on 
the market from time to time various so-called fertilizers which con- 
tain little or none of the recognized fertilizing elements even in an 
insoluble form. As a rule these materials consist simply of ground 
rock, usually of volcanic origin, from various sources, and for which 
an arbitrary price is asked out of all proportion to the value of 
the small amount of the fertilizing elements which may be present. 
Some of these materials, although exploited to quite an extent in 
the past, have later fallen into disfavor and are now no longer used 
by anyone, but others of more recent development are still being 
placed on the market under different trade names. One of these new 
materials, which is known as “ radioactive manure,” consists of low- 
grade uranium-radium ores or ores from which the uranium has 
been extracted, and it is claimed to bring about by virtue of its 
radioactivity phenomenal increase in crop yields when mixed with 
barnyard manure and applied to the soil. Within the past few 
years the use of this material as a fertilizer has been quite extensively 
advertised in various parts of the world, and accounts have been 
given in various scientific publications of numerous results which 
have been obtained in pot and field tests using radioactive material 
from different sources. 

The object of this bulletin is to give a review of these results and 
likewise an explanation of the property of radioactivity, in order 
that a conclusion may be reached as to the value of applying radio- 

active material to the soil. 
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PROPERTIES OF THE RADIO-ELEMENTS, 

The properties of the radio-elements have been investigated by 
many of the leading scientists of the present day and have conse- 
quently been determined with a degree of exactness and completeness 
which perhaps has never before been equaled in any other branch 

of science in the same length of time. 
The following points with regard to these properties may be 

enumerated as having bearing on the fertilizing value of radioactive 
material : 

1. An element is said to be radioactive when it has the property 
of disintegrating or changing into another element. This property 
of radioactivity as exhibited by radium, which is the best known 
popularly of the radio-elements, is one which is inherent in the atom. 
No substance can be radioactive which does not contain an element 
which would be radioactive if separated from the substance, and, 
conversely, if a substance contains such an element, it must be radio- 
active. Some of the radio-elements, like the ordinary elements, do not 
give off any rays; others give off one kind of rays only; while still 
others give off two different rays, each of which may differ from the 
single radiation, thus making altogether three different kinds of rays. 
No inactive substance can be made radioactive by exposure to any of 
these rays. The activity of a given quantity of a radioactive element, 
like uranium or radium, remains unchanged in whatever chemical or 
physical state it may exist, whether combined in a soluble or insolu- 
ble compound, and whether or not it may be mixed with any sub- 
stance or substances whatsoever. It therefore follows that its activity 
-ean not be intensified by mixing with barnyard manure, as is some- 
times claimed. 

2. Radium is a product of uranium and can not occur in’ nature in 
quantity exceeding the amount with which it is in equilibrium with 
uranium. Tor this reason the highest concentration of radium which 
can ever be found in any ore will amount to only one part of radium 
in 3,460,000 parts of ore. This quantity of radium is so small that 
if chemical tests alone had been applied neither radium ner any of 
its products could ever have been identified. There are physical 
tests, however, which are much more delicate than any chemical tests. 
Thus, when the spectroscopic test is applied to lithium, an element 
which according to chemical tests is of very limited distribution, it 
is found to be almost universal’y distributed, and in no spring water, 
for example, dces the test fail to reveal its presence. The electro- 
scopic test for radium is even much more delicate than the spectro- 
scopic test just cited, and it thus happens that radium which occurs 
in soils, for example, in such minute quantities can nevertheless be 
identified in all soils. If the same delicate test could be applied to 
all the ordinary elements, it is universally admitted that they, too, 
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would be found in all soils! and in much larger amounts than radium, 
for the reason that they occur in nature in much larger quantities. 
The ordinary elements could not have been discovered if this were 
not the case. Most soils differ but little in their radium content, as 
must follow from the fact that almost all rocks? which do not contain 
uranium ores contain pretty much the same quantity of radium. 

On an average the radium present in an acre-foot of soil amounts 
to about 3.6 milligrams. The radium present in 1 ton of carnotite 
ore containing 2 per cent of uranium oxide (U,O,) amounts to 5 
milligrams. To duplicate the amount of radium in an acre-foot of 
soil would therefore require about three-fourths of a ton cf 2 per 
cent carnctite ore from which radium has not been extracted, and 
which brings about $80 a ton wholesale. It is thus quite evident that 

to increase the radium content of the soil to any great extent by the 
use of carnotite or any other radium ore is out of the question as an 
economic proposition. 

The chemical properties exhibited by an element in combination 
depends on whether the element cccurs in a soluble or insoluble form. 
Thus, the addition of a comparatively small amount of a soluble 
potash salt has a marked effect on the growth of plants, while the cor- 

responding amount of an insoluble potash silicate would have little or 
no effect so long as it remained insoluble. As already explained, the 
property of radioactivity does not change in this way with the form 
of combination and a given weight of radium in the soil has exactly 
the same activity as the same weight of radium in any other form of 
combination that can be added. The argument, therefore, can not 
be advanced that the radium in radioactive manure is in a more active 
form than that already present in the soil. 

3. When a preparation of radium which has been freed from its 
products is allowed to stand for a time, the products are again formed 
and finally reach a state of equilibrium with the radium. When this 
is the case, the material has its greatest activity, and any prepara- 
tion which is allowed to stand for a time always consists of a mixture 
of radium and its products. The first of the products to be formed 
from radium is a gas called radium emanation. Since radium itself 
gives off rays, while radium emanation is a product of radium, the 
activity of radium emanation in equilibrium with its products must 
always be less than that of radium in equilibrium with its products. 
It therefore follows that no preparation of radium emanation can be 
obtained which is more active than the radium available. 
When the radium emanation is removed from a preparation of 

radium, the total radiation evolved from the two sources remains the 

+The presence of the rare earths and other rare elements in all soils examined has 

been demonstrated by W.O. Robinson of the Bureau of Soils. Bul. 122, U. S. Dept. Agr. 

2Strutt, Proc. Roy. Soc. Lond., (A) 77, 472 (1906). 

3 Moore, J. Ind. Eng. Chem., 6, 378 (1914). 
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same as that given off from the preparation before the separation. 
The total radiation has thus not been either increased or decreased 
by the treatment, and as far as the use of the rays is concerned it 
must necessarily be just as expensive, although possibly at times 
more convenient, to treat plants with radium emanation as with the 
radiation from the equilibrium amount of radium. 

THE INFLUENCE OF RADIOACTIVE RAYS ON PLANTS. 

Every physical agent known when exceeding a certain minimum 
intensity is able to affect in a marked degree the germination of seeds 
and the growth of plants. It would therefore be expected that the 
rays from radioactive substances, when present in sufficient intensity, 
would likewise have an influence on plant growth. A great many 
experiments have been made along this line, and the literature on 
the subject is already very extensive. Unfortunately in many of the 
experiments which have been made, no mention is made of the 
amount of radioactive material used nor of the intensity of the 
radiations emitted by it. Consequently such experiments can not 
be duplicated by others, and the results reported are therefore of 
little value, for it could have been predicted that a very intense 
radiation would have an injurious effect on plant growth, while ra- 
diations of moderate intensity might exert a beneficial effect. Fur- 
thermore, owing to an insufficient knowledge of the properties of 
radioactive rays, many experiments have been carried out in such a 
way that the effects which were attributed to the rays could not 
possibly have been due to this influence. ; 

The most extensive experiments in this field which have been de- 
scribed in this country were carried out by Gager' at the New York 
Botanical Garden. In one set of pot experiments a quantity of 
polonium (activity not given) inclosed in a sealed glass tube was in- 
serted in the soil at the center of the pot, with the end containing the 
radioactive material about 10 millimeters below the surface. Twelve 
grains of wheat were then planted without soaking in the soil around 
the tube. Three other pots were also prepared in the same way with 
the same number of wheat grains; in one of the pots was placed a 
tube containing 10 milligrams of radium bromide of 1,800,000 ac- 
tivity; in another, a tube containing 10 milligrams of radium bro- 
mide of 1,500,000 activity, while the remaining pot was used as a 
control. On the fourth day measurements were made of the height of 
the seedlings, and it was found that the average growth was greatest 
in the pot containing the polonium and least in the control pot. It 
is known, however, that polonium gives off alpha rays only, and that 
these rays are so lacking in penetrating power that they could not 

1®ffects of the Rays of Radium on Plants, Memoirs of the N. Y. Botanical Garden, 

yol. 4 (1908). 
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have penetrated the walls of the glass tube* in which the polonium 

was contained, much less could they have penetrated the intervening 
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the ae onium tube One haw e bene as free from any > tudkonenve ifine 
ence as those in the control pot, and the marked increase noted in the 

growth of the seedlings in this pot could not have been due to the 
presence of the polonium tube as claimed by the author, but must be 
attributed to some other influence. 
From the way in which other experiments were carried out it seems 

reasonable to suppose that other results were likewise incorrectly at- 
tributed to radioactive influence. Thus it was concluded “that 
freshly fallen rain water tends to retard the growth of roots of beans 
(Lupinus albus) and that the effect is due to the radioactivity of the 
water.” It was further observed from other experiments that “the 
growth in length of radicles of Lupinus albus is uniformly accelerated 
in an atmosphere containing radium emanation.”* The intensity of 
the radiation was not given in either case, but it was indicated, and it 
is undoubtedly a fact, that the intensity of the radiation in the latter 
experiment was much greater than in the former. It would thus 
seem that as measured by the growth that takes place without any 
radioactive influence, a weak radiation retards, while a stronger 
radiation stimulates the growth of certain seedlings. This is con- 
trary to experience and to the general conclusion reached by the au- 
thor that “ the rays of radium act as a stimulus to protoplasm. Re- 
tardation of growth following an exposure to the rays is an expres- 
sion of overstimulation. Acceleration of growth indicates stimula- 
tion between a minimum and an optimum point.” 
Experiments were also described in which seeds and seedlings were 

exposed in a 6-inch pot to the radiation from i0 milligrams of radium 
bromide of activity 1,800,000. A preparation of 0.5 gram of radium 
bromide of activity 10,000 was also used. Both retarding and stimu- 
lating effects were observed, depending on the seedlings used and the 
conditions of the experiments. It would be expected that with a 
radiation of the intensity given by these preparations a marked 
effect would result, as was observed. The experiments are thus of 
scientific interest, but they do not give any indication that radium 
can be of any practical value in general farming. To duplicate the 
experiments on a large scale He require a quantity of radium 
which is not available. 

1Jqn this connection the author himself states: ‘‘I am unable to explain how physio- 

logical effects can be obtained with radio-tellurium [polonium] in a sealed glass tube, 

for this substance gives off only @ rays, and these are not thought to be able to pass 

through the glass walls of the tube. The results, however, were constant and decided, 

leaving not the slightest doubt as to the physiological efficacy of the preparation.” 

Loc. cit., p. 144. 

2 0G. Cit:, Dp. ATS! 3 Loe. cit., p. 156. 



USE OF RADIOACTIVE SUBSTANCES AS FERTILIZERS. iG 

Many experiments on the influence of radioactive matter: on plant 
erowth have also been made by Stoklasa.t. In one set of experiments 
there was observed the effect of adding varying amounts of uranium 
in the form of uranium nitrate to a given quantity of soil. Using 
plants of clover (Mfelilotus albus) a maximum increase in growth of 
24 per cent was obtained when 1 part of uranium was used to 1,510, 000 
parts of soil. But the presence of lead in the form of lead nitrate 
was found to be even more stimulating in its action since a corre- 
sponding increase in growth was obtained with a concentration only 
one-eighth as great as the quantity of uranium which gave best results. 
Lead, however, is a rayless element and the effects observed with it 

must hace Mieroton ce been due to its chemical properties. As a soluble 
salt of uranium had to be used to give the effects observed, it is rea- 

sonable to conclude that these effects are likewise due, in a large 
measure at least, to the chemical properties of the uranium rather 
than to its idiouctive properties. Further evidence of the truth of 
this statement will be given later. 

In other experiments Stoklasa ? made a study of the change in 
rate of nitrogen fixation brought about by bacteria (azotobacter 
chroococcum) when cultures of these bacteria were placed in an 
atmosphere containing radium emanation. In carrying out the 
experiments 2 liters of air having an activity of 150 Mache units? 
were passed daily into the vessel containing the cultures and there 
resulted from this treatment a marked increase in the amount of 
nitrogen fixed by the bacteria. It was further observed tkat the time 
of germination of seeds was shortened and an increase in the de- 
velopment of plants resulted when watered with water having an 
activity of from 30 to 2,000 Mache units. 

Using a concentration of emanation about 30 times as great as 
that given by Stoklasa, Fabre* likewise observed favorable results 
in the germination and growth of seedlings. Many experiments on 
the anenee of Pdioactive matter on plants have also been made 
by other investigators, but unlike the results just cited the effects 
reported in the majority of cases were deleterious rather than 
beneficial. 

As radium emanation is an inert gas, the results obtained with its 
use can not be due to its chemical properties, as in the case of 
uranium, but must be attributed to its property of being radioactive. 
It is thus necessary to conclude that radioactive material does have 
an effect on plant growth, and that when a certain concentration, 

1 Compt. rend., 155, 1096 (1912) ; 156, 153 (1913) ; 157, 879, 1082 (1913). 
2 Loe. cit, 

The unit now generally used for expressing a quantity of radium emanation is 

ealied the curie, or the microcurie, and is the amount of emanation in equilibrium with 

1 gram, or 1 microgram, of radium. One microcurie per liter equals a concentration of 

about 2,700 Mache units. 

*Compt. rend. soc. biol., 70, 187 (1911). 
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but not too great a concentration, is used stimulating effects are to be 

expected in some cases at least. In fact it is to be expected, although 
not yet clearly demonstrated, that in greenhouse practice and in 
botanical research, where the results obtained might justify the ex- 
pense involved, the radio-elements may prove of very great value, as 
they have done in other branches of science. When consideration, 
however, is taken of the scarcity of these elements, it does not follow 

from any experiment so far described that such elements can have 
any practical application as a fertilizer in general farming. To 
increase the activity of the a tmosphere above the soil with radium 
emanation would not be feasible in field practice, neither would it 
be practical to add such a quantity of radioactive material to the soil 
that the emanation in the underground air would be increased to 

even the very low concentration used in Stoklasa’s experiments, and 
the same may be said with regar d to making irrigating water radio- 
active. 

COMPOSITION OF RADIOACTIVE MANURE. 

The source of the sc-called radioactive manures consists of the 

residual rock from which carnotite or other uranium ores have been. 
extracted; or of uranium ores which contain too low a percentage 
of uranium to make it profitable to extract the radium. Since an ore 
containing as low as 2 per cent of uranium oxide can be profitably 
used in the manufacture of radium, it is not to be expected that this 
percentage of uranium, or its equivalent of radium, will be found in 
any radioactive manure. 

In the following table is given the composition of samples of radio- 
active materials which have been applied as a manure. 

Analyses of samples of radioactive manure, 

{ { 

Constituent. | A B | Constituent. | A B 

ie 7; i Z aap ae 
Silica (S103) ic ces 2 eee woke os i 0. 44 85.90 || Phosphoric anhydride (P.Os).|.......... Trace. 
Oxide of iron and alumina | I] “Soluble phosphoric acid’... US37) || bosseecoe 
(Fe2O2+ AloO3).....--..---- 2. 20 8.65 i ‘Water, volatile organic mat- 

Mime (CaAOy\e ccs! ses seco oes Se ies SO 208 heresies See eects See 10. 54 0.93 
Magnesia (MgO)........------ 1S siecisaaie -95 |; “Soluble salts, soluble free 
Boda (NGO) 2. 22. cacoese asec ae cose OOP egnlls 2.3 ce. 8 acs oare sa eene 3:82: \ieenauaes 
Popasit Gs Osage ete cena cee cic (ees ese 1. O40 a Uranium (UW) 222-22 oe eee Trace. 1.00 
Siilphidel(S)sss 2 5ece sess. lies asene. .16 | a ee 
“Sulphuric acid”............ | AD | See cee oe HMAC iva yeaa en eee = 03) Us| = ae 0s ZU 

| i} { 

A. Radioactive manure. Analysis according to Foulkes, Bul. Bureau Agricultural 
Intelligence and of Plant Diseases, 3, 1112. This apparently represents ore from which 
the uranium has been extracted, The acidity of the material was equivalent to 65 grams 
of suinhurie acid per kilogram. 

B. Radioactive manure. Analysis by author. This material represented the origina} 
ore and therefore did not contain any free acid. 

FIELD TESTS WITH RADIOACTIVE MANURE. 

Field tests with radioactive manure (A in table) have been made 
by Foulkest in England. The material used contained only a trace 
of uranium, but faa an activity equal to 0.03 times that of uranium. 

1 Bul. Buveat of Agricultural Intelligence and of Plant Diseases, 3, 1111 (1912). 
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This was mixed with commercial fertilizers in the following pro- 

portions: Steamed bone, 20 parts; superphosphate, 15 parts; kainit, 
10 parts; nitrate of soda, 5 parts; and radioactive manure, 1 part. 

One plot received an application of this mixture at the rate of 1,020 

pounds per acre, and an adjoining plot received the same application, 
but without the radioactive manure. Both plots were planted to 
turnips, and when the crop was grown it was found that the yield 
was greatest in the plot to which the complete fertilizer, plus the 
radicactive manure, had been added. A similar result was obtained 

with mangels. 
Radioactive material of exactly the same composition as that given 

by Foulkes was also used by Malpeaux* in making pot and field 
experiments with oats, potatoes, sugar beets, and mangels. The ma- 
terial was mixed with a complete fertilizer made up of sodium ni- 
trate, superphosphate, and potassium sulphate to the extent of 5 per 
cent and applied at the rate of 22 to 44 pounds per acre. In the case 
of oats, sugar beets, and mangels, an increased yield of about 15 per 
cent was obtained on an average on the plots to which complete fer- 
tilizer, plus radioactive material, was added, over that obtained from 
the plots to which complete fertilizer only was added. In the case 
of potatoes, it was not observed that the radioactive material had 
any beneficial effect. 
A very extensive series of experiments was also carried out by 

Berthault, Bretigniere, and Berthault,? using material for which 

exactly the same analysis was given as for the radioactive manure 
used by Foulkes and by Malpeaux. Its effect on a large number of 
crops (cereals, grasses, and roots) was tested by applying the ma- 
terial alone and when mixed with standard fertilizers. It was found 
that when the radioactive manure was used alone the positive and 
negative results were about equa! for the total weight of the plants 
and for stalks and grain, but the negative results were the more 
numerous for tubers; with superphosphate the results obtained were 
generally unfavorable, particularly for the grain, but for tubers they 
were more often favorable; and with complete fertilizer the favor- 
able results were the more numercus for all crops. 

It was concluded that while the results obtained were not decisive, 
they show that radioactive substances were more efficacious in the 
presence of a complete fertilizer than when used alone, or with phos- 
phate or nitrogenous manures. 

It is difficult, however, to understand how this conclusion regard- 
ing radioactive substances follows from the experiments described by 
the authors, in view of the fact that they acknowledge having had the 
material which they used tested for radioactivity and that none 
could be detected. It therefore follows that the results obtained, 

1 Vie Agr. et Rurale, 2, 241 (1913). 2 Ann. Ecole Nat. Agr. Grignon, 8, 1 (1912). 
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whether of a favorable or unfavorable nature, could not have been 

due to the radioactivity of the material, but to some other influence. 
As shown in the table, the acidity of the material was equivalent 

to 65 grams of sulphuric acid per kilogram, while the “soluble 
phosphoric acid” amounted to 1.37 per cent, and the “soluble salts, 
soluble free acids ” amounted to 3.82 per cent. All these constituents 
when exceeding a certain minimum concentration have a marked 

effect on plant growth. Notwithstanding this, however, apparently 
no account was taken of the presence of these constituents in any 
of the foregoing experiments, but rather all effects observed, whether 
of a stimulating or retarding nature, were attributed to the exceed- 

ingly weak radicactivity of the material, which was claimed to be 
equal to 0.03 of the activity of uranium, but which at least in the 
case of the material used by Berthault, Bretigniere, and Berthault, 
was too small to be detected. 

If it is assumed that the material used in these investigations has 
the radioactivity which was claimed for it, and that this was due 
to radium and its products, then it can be calculated that in an 
application of 25 pounds of the material per acre the amount of 
radium thus apphled to an acre would be less than one one-hundredth 
of the radium already present on an average in an acre-foot of soil. 
This amount is so small that when uniformly distributed through 
the first 6 inches of the soil there would be radiated per second from 
the material added only about 2 alpha particles—that is, 2 atoms— 
from each pound of soil. Furthermore, of the particles so radiated, 
only a very small fraction would be able to escape from the particles 
of material in which they originate. The number of beta particles 
radiated would be still less than the alpha particles. 

The radioactive material (B), of which an analysis is given in the 
table and which was kindly supplied by a firm in this country, has 
an activity of 0.037 that of uranium, and is therefore slightly more 
active than the material referred to above. An application of from 
20 to 25 pounds per acre was recommended, mixed with some stand- 
ard fertilizer, but even in the case where the largest application is 

used the quantity of radium so applied per acre is only one-fiftieth 
of the radium already present in an acre-foot of soil. In defense of 
the use of such a minute quantity of any substance it has been 
explained that “this material is not a fertilizer, but that it gives to 
the plant additional power to consume the plant food that is already 
in the ground or that is put there by artificial means in the form of 
any brand of fertilizer.” The use of the word fertilizer in this state- 
ment is no doubt intended to mean a plant food. As already pointed 
out, however, a material does not necessarily have to act as a plant 
food to be properly called a fertilizer, for this term is also used with 
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reference to any material which when added to the soil brings about 
an increase in the growth of crops. If radioactive manure really 
acts in the way described, it could then be properly called a fer- 
tilizer; and, further, if its function is to give to the plant additional 
power to consume plant food, its effect should be noticed when 
added to the soil alone as well as when mixed with a standard 
fertilizer. 

Field tests with radioactive mineral from still another source 
have been made by Ewart, Melbourne University. These tests were 
made in two different places, in each of which there were selected 
a series of four plots. In the case cf the first series each plot had 
an area of one-third acre. Plot 1 received 50 pounds of superphos- 
phate per acre; plot 2, 50 pounds of superphosphate and 50 pounds 
of finely ground radioactive mineral per acre; plot 3, 50 pounds of 
radioactive mineral per acre; and plot 4 was unmanured. The plots 
used in the second series had an area of approximately one-fourth 
acre, and the same applications were made in this case as in the first, 
with the exception that 59-pound portions of the materials were used 
instead of 50-pound portions. From the yields obtained it was con- 
cluded that “there is no evidence to indicate any beneficial action 
of the radioactive mineral upon the growth and germination of 
wheat, when quantities which could be used in agricultural practice 
are employed. Any stimulating action which it might exercise when 
first applied, seems, if anything, to be converted into an injurious 
action when in prolonged contact. There is nothing, therefore, in 

these results to show that radioactive mineral is of the least benefit 
to wheat when applied in the same manner as manure.” 

CATALYTIC FERTILIZERS. 

In addition to the experiments which have been described on the use 
of the radio-elements as fertilizers, many tests have also been made 
during the last few years of the action on plants of still other ele- 
ments which are not recognized as essential to the growth of plants. 
Among the different elements which have been studied in this way 
may be mentioned copper, nickel, zinc, and lead. These elements are 
of rare occurrence in the soil, and are ordinarily recognized as plant 
poisons, but quite remarkable benefits have been obtained by the 
application to the soil of a very small quantity of a soluble salt 
of these elements. Plants so treated are said to have been stimu- 
jated, and because of the small amount of the material necessary to 
produce noticeable results, these compounds when used in this way 
are spoken of as “ catalytic fertilizers.” 

1J. Dept. Agr., Victoria, 10, 417 (1912). 
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With a concentration of 1 part of lead, as lead nitrate, in 965,000 
parts of soil Stoklasa* obtained in pot tests with oats (Avena sativa) 
a maximum increase in growth for the grain and straw of 53 per 
cent over that which took place in the control pot; but on increasing 
the concentration of the lead only 2.5 times its toxic action became 
apparent, and a decrease in growth resulted. Similar results were 
also obtained, as already pointed out, in pot tests with clover using 
uranium nitrate. With this compound the maximum stimulation 

was obtained with a concentration of 1 part of uranium in‘ 1,310,000 

parts of soil, but as the concentration of the uranium was increased 
its toxic action became manifest, and the crop yield gradually 
decreased. 
A corresponding series of experiments was also made by Loew and 

his coworkers? using salts of both uranium and thorium. From the 
results obtained it was concluded that “uranium and thorium com- 
pounds differ widely in their effects on plants, uranium salts being 
highly poisonous, thorium salts not.” It is known that thorium and 
uranium both give off the same rays and of approximately the same 
intensity. It would be expected, therefore, if the effects which these 
elements produce on plants are due to their radioactivity, that the 
effects would be approximately the same for each element. Since this 
is not the case, and since the results obtained with uranium corre- 
spond with those which follow the use of the so-called catalytic ferti- 
lizers, it is necessary to conclude that the action of uranium on plants 
is due to its chemical properties rather than to its property of being 
radioactive. 

The material (B) of which an analysis is given in the table above 
contains 1 per cent of uranium oxide. An application of this ma- 
terial of about 175 pounds per acre would thus give to the first six 
inches of the soil a concentration of uranium equal to that which 
Stoklasa found, in the form of the nitrate, gave greatest stimulation 
to clover plants. An effect would, therefore, be expected to follow 
the addition to the soil of finely ground uranium ores, but whether 
the result will be beneficial or otherwise will depend on the amount 
applied and the kind of crops grown. 

In the various experiments which have been described on the use 
of radioactive manure no account has apparently been taken of the 
chemical action of the uranium present, and the conflicting results 
obtained with radioactive material from different sources are no 
doubt to be explained by the fact that the radioactivity of the 
material was alone considered without regard to the presence or 

1Compt. rend., 156, 153 (1913). 

2 Bul. Coll. Agr., Tokyo Imperial Univ., 5, 173 (1902) ; 6, 144, 161 (1904). 
®Tbid, 6, 165. 
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absence of uranium, or of such nonradioactive constituents as soluble 

salts and free acids. 
The subject of catalytic fertilizers is an interesting one, and worthy 

of careful investigation, but the manner in which they are able to 
influence so effectively the growth of plants is as yet but little under- 
stood. Until further knowledge is gained along this line, and par- 
ticularly until it is demonstrated that the application of such ma- 
terials to the soil will not lead to their accumulation with injurious 
results, the use of uranium, or of any of the other heavy metals, as a 
fertilizer in general farming is not to be recommended. 

SUMMARY. 

Attention is called to a new material which has recently been ex- 
ploited for use as a fertilizer, and which consists of the residual rock 
from which uranium has been removed, or of uranium-radium ores of 

too low grade to be used for the extraction of radium. This material, 
which is known as “radioactive manure,” is claimed by virtue of its 
activity to have a marked effect on stimulating the growth of plants 
when mixed with a relatively large amount of standard fertilizers 

and applied at the rate of 20 to 50 pounds per acre. 
When consideration, however, is taken of the facts: (1) That the 

greatest quantity of radium which can exist in an ore amounts to 
only 0.00003 per cent; (2) that the intensity of the radium rays is 
limited by the quantity of radium present; (3) that all rays, like 
all chemical substances, must exceed in intensity or: concentration, 
a certain limiting value to produce any noticeable results, or any 
results whatever; (4) that radium costs $120,000 a gram; and 
(5) that the activity of radium or any other radio-element can not 
be increased by any treatment whatsoever, but remains unchanged in 
whatever state of combination it may exist, it seems incredible that 
radium or any of its products can have any economical application 
as a fertilizer in general farming; and still less credible that the so- 
called radioactive manure has any value, as far as its radioactivity is 
concerned, since the radium already present, on an average, in an 
acre-foot of soil, is about 100 times greater than is contained in the 
quantity of radioactive manure commonly recommended for applica- 
tion to an acre. 
Many experiments have been made in studying the influence of the 

radio-elements, when freed from their ores, on the germination of 
seeds and the growth of plants, and from the results obtained it is to 
be expected that in botanical research, and possibly in greenhouse 
practice, where the results obtained may justify the expense involved, 
the radio-elements may prove of considerable value; but when con- 
sideration is taken of the scarcity of these elements it does not follow 



14 BULLETIN 149, U. S. DEPARTMENT OF AGRICULTURE, 

from any experiments yet described that such elements can have any 
practical application as a fertilizer in general farming. 

Evidence is given to show that the action of uranium on plants is 
due to its chemical properties rather than to its property of being 
radioactive, and that the conflicting results obtained with radio- 
active manure from different sources is to be explained largely by 
the presence of uranium, and of such nonradioactive constituents as 
soluble salts and free acids. 
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INTRODUCTION. 

In pursuance of the investigation by the Bureau of Soils of the 
fertilizer resources of the United States, the fisheries of the Pacific 
coast, particularly the salmon-canning industry, were examined dur- 
ing the summer of 1913 to determine the possibility of developing 
a source of fertilizer materials in the waste produced in that industry. 
The purpose of this investigation was (1) to determine the amount 
of waste and the places where produced, and (2) the possibilities of 
its utilization as a source of fertilizer. Obviously, it is of little inter- 
est to know the fertilizer resources of the country without knowing 
how they may be utilized; the possibility of their utilization deter- 
mines their value as resources. A third aspect was given the investi- 
gation by the problem of determining possible ways in which waste 
fish could be conserved in conjunction with that other vast source of 
fertilizer materials, now practically untouched, the giant kelps of 
the Pacific coast. 

Norre.—This bulletin discusses the utilization of fish waste in the salmon-canning and 

Similar industries on the Pacific coast as a source of fertilizer material. 

59351°—Bull. 150—15 1 
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{n a previous report on the Menhaden Fish Fertilizer Industry of 
the Atlantic coast,! the fish-fertilizer resources of the Atlantic coast 
have been discussed. In the introduction to that report the contri- 

- butions from this bureau on the subject of fertilizer resources of the 
Nation are mentioned. Since the completion of that report, Wagga- 
man has reported on the phosphate fields of South Carolina? the 
utilization of acid and basic slags in the manufacture of fertilizer,? and 
the possible commercial utilization of nelsonite.t Free has described - 
the topography of the desert lake areas,®> while Young has discussed 
the chemistry of the salines of that region.® Crandall has continued 
his study of the kelps of southern California, and Frye’ and Rigg,’ 
during the summer of 1913, surveyed the kelp groves of southeastern 
and western Alaska, respectively. Cullen, Lindemuth, Merz, and 
Parker have studied further the composition of kelps.° Cameron 
has reviewed the sources of potash in the United States.1? Ross has 
studied the decomposition of feldspar,‘t and Smith the value of 
sponges as fertilizer..2 Gardiner has determined the potash content 
of certain muds from sugar refineries,* and the writer has surveyed 
the nitrogenous resources of the United States." 

Present agricultural practice prescribes the use of three chemical 
elements as a “soil amendment,” a “stimulant for plant growth,” or 
a “plant food,” as it is variously put. These three elements when 
applied to the soil in which a crop is growing have been found by 
practice to afford an increased crop yield. They are phosphorous, 
potassium, and nitrogen, spoken of by the respective trade terms 
of phosphoric acid, potash, and “ ammoniates.” In the commercial 
fertilizers phosphoric acid is found in the form of calcium phos- 
phate, which is bone phosphate or rock phosphate, usually treated 
with sulphuric acid to render it soluble. Potash is found as a salt or 
salts of potassium, either sulphate or chloride, and the “ ammoniates,” 

1 Bul. 2, U. S. Dept. of Agr. 

2Bul. 18, U. 8. Dept. of Agr. 

3 Bul..95, U. S. Dept. of. Agr. 

4J. Ind. Eng. Chem., 5, No. 9, Sept., 1913. 

5 Bul. 54, U. S. Dept. of Agr. 

§ Bul. 61, U. S. Dept. of Agr. 

7 Rept. 100, U. S. Dept. of Agr., Parts IV and V. 

8 Ibid. 
®J. A. Cullen, On the Available Nitrogen Content of Kelp, J. Ind. Eng. Chem., 6, 581 

(1914) ; Merz and Lindemuth, The Leaching of Potash from Freshly Cut Kelp, J. Ind. 

Eng. Chem., 5, 729 (1913); Merz, On the Composition of Giant Kelps, ibid., 6, 191 

(1914) ; Parker and Lindemuth, Analyses of Certain of the Pacific Coast Kelps, ibid., 5, 

287 (1918). 
10 Possible Sources of Potash in the United States, Yearbook, U. 8. Dept. Agr., 1912, 

p. 523; Kelp and Other Sources of Potash, J. Frank. Inst., Oct., 1913, p. 347. 

11 Decomposition of Feldspar and Its Use in the Fixation of Atmospheric Nitrogen, 

J. Ind. Eng. Chem., 5, 725 (1913). 
12 Sponges as a fertilizer, ibid., 5, 850 (1918). 

18 Thbid. 6, 480 (1914). 

14 Turrentine, The Nitrogenous Fertilizers Obtainable in the United States, Bul. 37, U.S. 

Dept. of Agr. 
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as the inorganic salt of ammonia, ammonium sulphate, the inorganic 
salts of nitric acid, sodium nitrate, and inorganic compounds of 
nitrogen, calcium cyanamid, or the organic compounds of nitrogen, 
contained in animal or vegetable refuse matter, cottonseed meal, 
abattoir tankage, or fish scrap. The usual commercial fertilizers con- 
tain these three elements and have the designation of “ complete ferti- 
lizers.” These are sold under various brand names, the various brands 
frequently being recommended for particular crops. The propor- 
tion of the three essential ingredients is varied; as a usual thing that 
of the phosphoric acid is considerably higher than the other two, 
which are present in about the same proportion. Thus, for example, 
a “6-2-2 mixture” contains 6 per cent phosphoric acid (P,O,), 
2 per cent ammonia (NH,), and 2 per cent potash (K,O). Its sell- 
ing price in the retail market is based on its analysis. Little atten- 
tion is paid to the source of these ingredients so long as the essen- 
tial compounds are “available,” or readily may be decomposed or 
made soluble for the use of the plants. 

The Nation’s supply of these three common ingredients of fertilizer 
may be summarized as follows: Of phosphoric acid there is an abun- 
dant supply in the large deposits of phosphate rock in Florida and 
Tennessee, and the enormous deposits of Idaho, Montana, and Wyo- 
ming. Of potash, now obtained exclusively from the German mines, 
there is little known in this country outside of the desiccated residues 
in Searles Lake, Cal., and the giant kelps of the Pacific littoral. In 
the latter there is much more than enough to supply the present 
demands of the fertilizer trade of the United States, the present an- 
nual consumption of potash being about 1,250,000 tons, of varied com- 
position. At present the kelps are not supplying any of this, since it 
has not been determined by actual experimentation on a commercial 
scale that they can be used economically as a source of potash. Esti- 
mates based on costs of similar operations indicate that they can be 
so used. Of “ammoniates” there is a large source in the ammonia 
produced as a by-product in the distillation of coal for the production 
of gas or coke, or both. This source is but partially developed, as by 
the methods most commonly practiced in this country this possible 
by-product is not recovered. The amount of ammonia now going to 
waste is almost large enough to supply all of the “ammoniates” 
now demanded by the fertilizer trade. The abattoirs supply a large 
amount of tankage and dried blood of high fertilizer value; but of 
these possible by-products there is still an enormous loss through the 
lack of organization and cooperation in the small-scale slaughter of 
animals for food. 

The present consumption of the various “ ammoniates” and their 
relative contribution to the total amount of nitrogen used in the 
fertilizer industry are shown in the table following. 
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TaBLeE I.—Sources of nitrogen used in mixed fertilizers of the United States. 

(Figures are approrimations. ) 

| 

ae |N N ‘ used in itrogen | Nitrogen 
Material. United content. | yielded. 

States. 

Per cent. ons. 
Ammonium sulphate...........- 19. 75 42, 463 
Sodium nitrate (Chilean) 15.5 13,175 
Calcium cyanamid........... bt doa seeee sa esacewstes cont tes e eee oee 18:07" |Ssccote eae 

\ 44, 272 arog ae Meals yo 58s5. esse ees cee ee Pace cee oe a eee eee lf 6.5 | 24° 320 

JIGME) Petcra Ss onop sees aceeS5ececor ss Sena] a aaae aes a AAP en oree 9.0 6,300 
\ 10, 500 TADKASO Sayan) sdrejs weenie Se Senos saci oe Shae eeeean ee easecees j 6.5 { 6, 450 

Byte (hai sasenetee! ed cee tad. ae ole ee } 11.0 i 2150 

This report is designed for the information of the layman who 

is totally unfamiliar with the fish industries of the Pacific coast, of 
those familiar with the fishing industries but not familiar with the 
fertilizer trade, and particularly of those who are interested in the 
manufacture of fertilizer from fish waste. For this reason all phases 
of the subject are discussed, some of them in such detail as possibly 
to appear extreme to those familiar with these details. Where such 
details are omitted from this report, the literature containing them, 
generally easily accessible Government reports, is referred to where 
possible. The apparatus for use in rendering fish waste is discussed 
in greatest detail, because, of all the items conneced with the indus- 

try herein proposed and advocated, this is considered the one on 
which information is most apt to be lacking and therefore most likely 
to be desired. The writer has been assured of the willingness and 
the desire of many of the operators of canneries to conserve the 
by-products now lost as soon as they are informed of the proper 
methods and apparatus to be used. An especial effort therefore is 
made to present all available information concerning these, and to 
discuss fully their advantages and disadvantages. 

TECHNOLOGY OF CANNING. 

FISHING. 

Salmon for use by the canneries are caught in traps or pound nets, 
purse seines, haul seines, gill nets, and fish wheels. In southeast 
Alaska the greater portion of the fish are taken in traps, owned and 
operated by the packers, while in the Puget Sound region many are 
caught with purse seines and gill nets. On the Columbia River drag 
seines, gill nets, and fish wheels are in general use. 

TRAPS. 

The traps or pound nets are designed to intercept the fish as they 
swim in courses paralleling the shore or passing certain points. For: 
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this purpose a “lead” is built, consisting of a line of net or woven 
wire supported on piles or posts and extending from a height slightly 
greater than that reached by high water to the bottom. It extends at 
right angles to the shore outward to a suitable depth. 

The fish, in moving along the shore, encounter the “lead” and turn 
outward toward deep water to pass around the obstruction. To in- 
tercept them the trap proper is provided with a V-shaped entrance 
designed to lead them, as they swim outward, into the trap. This, 
from its shape, is spoken of as the “heart” of the trap. The outer 
ends of the two branches of the V are provided with “jiggers,” an 
inward extension of the ends of the limbs of the V, so constructed as 
to divert back into the “heart” the fish seeking to escape around 
them. The apex of the first heart enters a smaller and supplementary 
heart of similar shape, which terminates at its apex in an elongated, 
constricted portion of its netting, called the “tunnel,” and enters the 
“pot.” The “pot” is a cubical compartment, which may be joined 
on one or both sides, by means of a shorter “tunnel,” with the 
“spiller.” The latter receives the captured fish and acts as the re- 
ceptacle from which they later are unloaded from the trap. 

The trap usually is constructed of piles driven into the bottom. 
These are connected at the top by stringers. Upon the piles and sup- 

ported by the stringers is stretched the net constituting the walls of 
the various compartments. The bottom or floor of the heart slopes 
upward toward the “tunnel.” This, by leading the fish swimming 
near the bottom up into the trap, obviates the necessity of extending 
the subsequent compartments of the trap entirely to the bottom. 
These then are built only to a convenient depth; they are floored as 
well as walled with net. 
A later modification of the trap, designed to do away with the ex- 

. pense of driving piles, or for use in locations not suitable for pile 
driving, is the floating trap. The shape of the floating trap essen- 
tially is the same as that of the stationary trap. It is constructed of 
a staunch framework of logs bolted together, which floats and from 
which extend sections of iron pipe to support the requisite nets. The 
lead likewise floats. It is a string of logs beneath which woven wire 
is stretched between sections of iron pipe supported by the logs. The 
whole is securely anchored in position. 
A trap which is catching fish is said to be “fishing.” The captured 

fish are transferred to a scow for conveyance to the cannery. To 
load, the scow is made fast to the pilings supporting the “spiller”; 
or, in the case of the floating trap, to the logs constituting the sup- 
porting frame of the “spiller.” The “tunnel” from the “pot” to 
the “ spiller” is closed and the walls of the latter are dropped almost 
to the surface of the water. (See Pl. I, fig. 1.) 
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The fish are transferred from the trap to the scow by means of 
the “brailer” (PI. I, fig. 2), which is a stretch of net perhaps 20 
feet long by 10 feet wide. One end is made secure to the side of the 
scow nearest the trap. To the other end are attached three lines, 
the central one of which extends through the block at the top of a 
derrick rigged on a tug drawn alongside and is made fast to the 
capstan on the deck of the tug. The other two are held in the hands 
of two operators stationed in a dory within the “spiller ” compart- 
ment of the fish trap. The “brailer” is weighted at its movable end 
with an iron rod or section of irom pipe and also by short sections 
of chain distributed at proper intervals along its edge. 

In operation, the line from the capstan on the tug is played out, 
whereupon the “brailer” falls into the “spiller” and is sunk by its 
own weights. The two men in the dory then pull upon their lines 
and straighten out the “brailer” in a horizontal position beneath 
the mass of fish. At a signal the “brailer” is hoisted to a perpen- 
dicular position by the line running to the tug, and the fish lifted by 
it slide or tumble into the scow, to the side of which the “ brailer” is 
attached. This operation is repeated until the “spiller” is emptied 
or until the scow is filled. The writer has witnessed the filling of a 
scow of 30,000 fish capacity within an hour and a quarter. 

Perhaps one of the greatest advantages, to the packers, of the fish 
trap lies in the fact that the fish in the traps are kept in moving water 
and alive and therefore fresh until they are needed at the cannery. 
This is of particular advantage in the height of the canning season 
when fish are abundant and are being received at such a rate as to 
tax the capacity of the cannery. The fish traps may be drawn upon 
when fish from the seine fisheries are not immediately available. 

PURSE SEINES, 

The purse seine, so called because it is provided with a line run 
through rings at the bottom by which it may be closed as a purse with 
a draw string, is about 1,000 feet long by 125 to 150 feet in width. 
Rings of galvanized iron strung along its bottom serve both as weights 
to keep it stretched and to receive the purse line. 

The seine is operated in such manner as to inclose the school of 
fish, and is then closed at the bottom. To accomplish this, when a 
school of fish is sighted, one end of the seine is held in a dory while 
the main length of it is played out from a power boat, which pursues 
a course encircling the school. When the circle has been completed 
and the power boat has returned to the dory, the purse line is drawn 
in by a power winch and the slack in the seine is taken aboard until 
the fish are forced into a small compass. They are then “ brailed ” 
or dipped into the boat, transferred by means of a “ gaff,” or the 
mass of fish is drawn aboard while still inclosed in the pursed seine. 
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HAUL SEINES. 

This type of seine may vary in length from 500 to 2,500 feet. In 
its center is a baglike section, sometimes called the “bunt,” which 
may be about*300 feet in length. Two boats are required to operate 
the seine, one a dory, which holds the more nearly stationary end of 

it, and the other a large seine boat, which carries the seine and plays . 
it out in such manner as to encircle the fish. The dory approaches 
the shore directly, while the seine boat approaches it after completing 
a wide curve in the water. The seine usually is drawn ashore, most 
frequently upon a favorably sloping sandbar, by means of horses. 

This method of fishing is adapted only to locations where a smooth 
and gently sloping shore is available, so that the seine can be hauled 
in promptly and easily before the fish have escaped. It most fre- 
quently is seen in use on the Columbia River. 

GILL NETS. 

The size and shape of gill nets are determined by the character- 
istics of the body of water in which they are to be used, and the 
dimensions of the meshes by the size of the salmon to be caught. The 
net is supported by corks and is kept distended by leads attached to 
the bottom. It is stationed in the tidal or river current in such man- 
ner as to form the letter “LL,” with the end of the longer branch 

_ against the shore and the other flowing loose in the current. As the 
position of the net is usually maintained by the current without the 
assistance of stakes, where the current is tidal the net is placed at 
the beginning of a tide and is taken in before a change in the direction 
of flow occurs. As the success of this manner of fishing depends on 
the entanglement of the fish in the meshes of the net, it can be ap- 
plied only under those conditions whereby the net is rendered in- 
visible to the fish, in muddy water or at night. 

At the end of the fishing period the seine is pulled aboard the boat 
of the attendant, the enmeshed fish being removed as the net is 
drawn in. The same form of net may be made fast in the stream 
by stakes or other anchorages and may be allowed to “ fish” as long 
as the attendant sees fit. 

Perhaps the greatest objection to this form of fish-taking appa- 
ratus lies in the fact that the enmeshed fish are killed, probably im- 
mediately, and are permitted to remain suspended in the water for 
an unknown period. The fact certainly can not be regarded as 
enhancing the value of the fish, and may render the fish undesirable 
for food. 

FISH WHEELS. 

Fish wheels are designed to catch the salmon on their course up 
the rivers in which the wheels are placed. They are of various 
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dimensions and methods of construction, being built in that shape 
and size best adapted to their respective locations. In size they 
vary from about 10 feet to about 30 feet in diameter and in width 
from about 5 to 15 feet. The wheel is so mounted, either in a per- 
manent structure built out from the shore or upon “rocks in mid- 
stream, or upon a scow, which can be anchored in the desired situa- 
tion, that it is submerged partially in the water. The flow of the 
stream causes the wheel to revolve. “ Buckets” of woven wire are 
built in the wheel in such a manner that as the wheel revolves they 
pass through the water as scoops, picking up the fish. Frequently 
series of piles are built extending out into the stream in such a way 
as to direct the fish into the wheel. Mounted in the axis of the 
wheel, or in some other suitable manner, is a trough-like receptacle 
for the fish. This is frequently built so as to empty into a scow. 
The curve of the scooplike bucket of the wheel is such that as the 
wheel revolves and the bucket is lifted, the fish in the bucket are 
made to slide toward the axis and finally to fall into the trough. 

This manner of fishing is practically automatic. During the season 
in which the salmon are moving upstream the method is satisfactory 
for supplying the demands of the packers. One hears reports of 
scows being sunk by fish taken during a night’s operations. 

The catch of salmon in Alaska by the three principal forms of 
gear—seines, traps, and gill nets—is shown in the following table: 

© 

TABLE II.—Percentage of total catch of salmon by the three principal forms of 
gear used in Alaska, for the year 1918. 

Section of Alaska. 

Apparatus. een 
outheast- 

eri, Central. Western. 

Per cent. Per cent. Per cent. 
SEINOS oro bare. coins atiarc bec ic'e cig Sicarbre tise aie edslomcieme sed caee cies ameter nee 48 47 2 
TTANS = fs concen ean CSR ae wee eee ne Meee ee oe a ane noe eee ee tne nes os 50 46 4 
Gilets iecek Sane eve ecicte sae Se woes ane ast se eeeseee ec eananseseeeoes 2 7 94 

UNLOADING. 

The salmon are unloaded at the canneries (Pl. I, figs. 1 and 2) by 
being pitched, generally on two-pronged forks, into an elevator 
which deposits them upon the floor of the house in which they are 
to be cleaned. (PI. III, figs. 1 and 2.) Here they are sorted into 
grades. As they he in piles upon the floor streams of fresh water— 
in Alaska frequently icy cold and of a high degree of purity—are 
directed upon them. 

1 Bower and Fassett, The Fishery Industry of Alaska in 1913. Pacific Fisherman, 12, 

No. 1 (Special), 54 (1914). : 



PLATE I. Bul. 150, U. S. Dept. of Agriculture. 

Fic. 2.—“‘ BRAILING”” SALMON FROM A TRAP. 
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The freshly caught fish are not regarded as being in the best con- 

dition for canning. It is said that the flesh is elastic and will not 
remain compressed in the cans. For this reason it is difficult to put 
into a can the requisite weight of fish, and many light-weight cans 
result. Therefore the fish are allowed to le about 24 hours before 
being canned. When, as frequently happens, they are hauled long 
distances, from the trap or seining grounds to the cannery, the length 
of time they are allowed to remain on the canning floor is brief or 
negligible. In warm weather, or in a warm climate, to permit the 
fish to remain unchilled for such a length of time would result in 

their deterioration. In Alaska at least, where the weather, even in 
the summer, is much of the time cold and rainy, little detriment prob- 
ably is caused by their seasoning period of 24 hours, especially where 
they are kept thoroughly washed in cold weather. 
From the floor of the cleaning house the salmon are pitched upon 

a table by means of “pews” or one-tined forks. (Pl. IV, fig. 1.) 
This is generally thrust into the head, but frequently into the body, 
of the fish. Upon this table the fish are arranged in order and 
passed on to the “ butchers.” 

CANNING. 

DRESSING. 

Formerly the cleaning or butchering was done by Chinamen, and 
in some canneries this practice is continued. In most instances, how- 
ever, cleaning by hand has been supplanted by machine cleaning. 

- The mechanical cleaner is spoken of in the parlance of the can- 
nery as the “iron chink” (PI. IV, fig. 2), a name which originated 
from the pseudo name of its human predecessor. Without entering 
into a detailed description of this machine, it is sufficient to say that 
it essentially is a revolving disk or wheel about 2 feet in diameter, 
around which knives and stiff brushes are arranged. These work to- 
gether to split the fish along its belly, to remove its viscera, and to 
sever its fins, and finally its tail. 

The machine is fed by two laborers, the first of whom places a 
fish under a stationary knife, against which it is lifted mechanically. 
The second laborer thrusts the beheaded fish into a slot, of which 
there are a number on the peripheral rim of the wheel, tail first, 
so that it becomes wedged and is held firmly. It thus is lifted and 
carried around, belly outward, by the wheel, and is brought succes- 
sively against the knives and brushes. Abundant jets of water are 
made to play upon the fish as it passes through the machine. 

This contrivance works rapidly and fairly successfully, with a 
rated capacity of 50 fish per minute and an actual output of 36 
dressed fish per minute. It thus is possible to do away with the 

59351°—Bull, 150—15——2 



10 BULLETIN 150, U. S. DEPARTMENT OF AGRICULTURE. 

large force of skilled and high-waged dressers. Fish are by no 
means uniform nor rigid objects; therefore no machine can be ex- 
pected to adapt itself to the variation in size and the manner in 
which they pass through the machine. As the fish are not dressed 
uniformly by the machine, they subsequently must be passed under 
the knives of the “slimers,” laborers whose duty it is to finish the 
work left incomplete by the machine. As the number of these about 
equals the number of “butchers” which would be required if the 
dressing were done altogether by hand, there is not the economy in | 
labor resulting from the use of the mechanical cleaner that would 
be expected. The fact that much less skill is required of “slimers” 
than of “butchers,” however, is an item greatly in favor of the use 
of the mechanical cleaner. 

CUTTING. 

After being thoroughly cleaned, the fish are cut into pieces of con- 
venient size for filling the cans. A mechanical cutter of simple 
design has been adopted for this purpose. It consists essentially of 
a short conveyor which is made to revolve over bearings in such a 
way as to describe an ellipse. Blocks of wood are placed at inter- 
vals to carry the fish. At the apex of the ellipse revolving knives 
are placed. These revolve in horizontal slits in the conveyor and 
blocks. As the blocks start on their upward course the fish are 
placed upon them by hand and are carried through the knives. The 
distance between the knives is such that the fish are cut into sections 
of the proper length to fill cans of the size for which they are 
intended. | 

FILLING THE CANS. 

Cans designed to hold a pound of fish are filled usually by a ma- 
chine which, by means of a plunger, thrusts into the can pieces of 
salmon already cut to the right length and trims off that which pro- 
jects. As the thrust of the plunger is uniform, the machine is able 
to load the cans with a nearly exactly uniform weight of fish, and 
works rapidly. Less than a second is required in filling a can. From 
the filler the cans are passed along a table, where they are inspected 
for short weight. Smaller cans are filled by hand. Their shallow- 
ness makes them less adapted to the filling machine, as they do not 
retain their charge of fish so readily. 

After filling, it remains to cap the cans or put the lids on, cook the 
contained fish, seal, clean, and label. The canning process involving 
the use of soldered cans has been supplanted almost entirely by 
that based on the use of the solderless or so-called “ sanitary” can. 
The latter process, being almost entirely automatic, effects a great 
saving in labor as well as floor space, and is commendable from both 
a mechanical and a sanitary point of view. 
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The modern cannery is equipped with machinery in units. A unit 
is spoken of as a “line.” The one-line cannery is equipped with a 
mechanical cleaner or “iron chink,” a cutter, a filling machine, a 
capping machine, followed by a steam box for the preliminary cook- 
ing before sealing, two crimping machines* for fastening the caps to 
render the can air-tight, and the requisite steam autoclave capacity 
for the final cooking. Such an equipment gives a daily capacity of 
900 cases of canned salmon, each case containing 4 dozen 1-pound 
cans, or 48 pounds of canned salmon. This estimate is based on a day 
of about 12 hours. During the canning season a “ one-line” can- 
nery, or one with a single unit, is expected to pack about 40,000 cases. 
The season’s pack is determined by the skill of the management, the 
condition of the market, and the fortune of the fishermen. 

LABOR. 

As many of the salmon canneries of Alaska are situated in isolated 
and scarcely habitable places, laborers have to be imported. In 
southeastern Alaska the natives are employed to a large extent, 
as the men seem to prefer and to be more successful at fishing; 
they are not found engaged in the indoor occupations to the extent 
that might be expected. Women and children are employed in large 
numbers in the canneries, performing the light and easy tasks such 
as inspecting the cans for underweight, labeling, and packing, and, 
where the filling machine is not employed, filling the cans by hand. 
For this class of work the women receive 25 to 30 cents per hour and 
the children about half that sum. The industry of the Alaskan 
native is surprising to one who is accustomed to associate extreme 
indolence with the American aborigine. That no part of the canning 
industry is too complex for the skill of the Alaskan native is abun- 
dantly illustrated by the operation of the cannery at Metlakahtla, 
which is run on a cooperative basis. During the fishing season, entire 
villages may be deserted, and it is no uncommon sight to see entire 
families at work, the men at the fishing grounds and the women and 
children in the canneries. 
This native labor is made use of so far as possible, but is entirely 
inadequate to meet the demands of the industry, therefore labor 
must be imported. The prevailing nationality thus imported prob- 
ably is Chinese; there are also Filipinos, Mexicans, Japanese, and 
other races in smaller numbers. The laborers are hired in gangs, 
generally on a contract basis. The contractors most frequently are 
Chinese, and the contract binds the contractor to pack so many cases 
of salmon at a certain price. To a casual observer it appears that the 
industry has an abundance of laborers and that there are about two men 

+The capping machine, the cooking box, and the two crimping machines constitute the 

solderless or ‘‘ sanitary ’’ canning apparatus proper. 
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for every position. This may be true or it may be only apparent, but 
after all it has but a shght bearing on the economy of the industry, 
as any superfluity in the number of laborers is paid for by the labor 
contractor and not by the packer. 

Laborers are provided for but one shift per day; therefore the 
working day can not be considered to be of more than 12 hours. 
The cannery may operate for a longer period, as the various depart- 
ments are not operated simultaneously. Thus the dressing gang in- 
variably begins work before those attending to subsequent operations. 

As the forces are organized with.a view to the maximum daily 
pack of the cannery, there are usually more laborers than is actually 
necessary for the average daily pack. Furthermore there are many 
days preceding the rush of the season when there are no fish at all to 
pack. At this time there are many things to be done to get the can- 
nery in readiness for the season’s operations, conspicuous among 
which is the manufacture of the tin cans to hold the fish and the 
wooden cases to receive the packed cans. But on the whole it may be 
said that there are frequent periods when one part of the cannery 

force or another is idle. : 
The laborers are organized in the Pacific coast cities of the States 

and are taken to the canneries frequently in the ships of the oper- 
ators. For those going to western Alaska it is practically impossible 
to obtain additions to their force during the operating season. Those 
operators situated in central and southeast Alaska are on or near 
steamship lines and can secure additions to their force on compara- 
tively short notice. The former circumstance makes it necessary for 
the operators of the western Alaska district to “carry” their corps 
of employees from the time of their departure from the States to 
their return. This period includes the time consumed in the ocean 
voyage in a sailing vessel from the city of their departure to the 
scene of the summer’s activity. 

PRODUCTION OF CANNED SALMON. 

The number of cases of canned salmon packed on the Pacific coast 
during the season of 1913 is shown, by grades, in Table ITT. 

1 Pacific Fisherman, 12, No. 1 (Special), 36 (1914). 
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TABLE Ill.—Pacific coast canned salmon pack for 1913. 

13 

Kings, springs, Reds, sockeyes, Medium reds, cohoes, 
chinooks. bluebacks. silversides. 

District. 

Se cae pend ca’ | peta pound | ota | pound cand pound | poun ats, 3 | Z-pound | poun ats, g | Pound | poun ates 
talls. | flats. | gozen talls. flats. eae flats. dozen 

SAVAGE Soa calanic's s .cdasre 32,840 |......-- 1,327 |1,917,961 | 17,628 | 28,790 | 73, 218 721 3, 438 
Puget Sound............-- 7 518) |Esaeeee 967,119 |485, 426 |220,554 | 20,440 | 38,354 | 2, 225 
Columbia River........... 28,738 | 96,633 | 66,745 |....----..|-------- 11, 152 | 10,437 | 19,408 | 11,124 
Sacramento River.........|........ BO | a ae | See aur erceti occ cies 2 Scars ek ord | Sime | bali imo 
Outside streams........... 4,827 | 6,957] 4,172| 13,458] 5,778 | 3,381 | 24,011 | 12,893 | 13,942 

Total American pack | 67,121 |105,058 | 72,244 |2, 898,538 |508, 832 |263, 877 |128, 106 | 71,376 | 30,729 
British Columbia.......... 282 | 1,579 | 5,188 | 290,063 |270,368 |411, 747 | 52,937 | 7,946] 8,939 

Total pack of entire 
Coast Ss 101, 403 [106,637 | 77,432 |3, 188,601 |779, 200 |675,624 |181,043 | 79,322 | 39,668 

Pinks, humpbacks. Chums. Steelheads. Total 

District. }- - 3 1- 1- 1- | pound) 1- 1- | pound 
Lpeund pound ound pound | pound! flats, | pound|pound| flats, aul 

H flats. dozen talls. | flats. 8 talls. | flats. 8 3 
dozen. dozen. 

PMlackaeee a es esas 1,377,586 | 4,766 | 20,564 /261,161 | 5,668 | 825 |.......].......|eeeeee- 3, 746, 493 
Puget Sound.......... COLT (Gulaliel Gia |el2)943) ode OO R21 2b oe ales enor lureemmelaceenes 083, 463 
CohumpbiaiRivers 27202 (sx csce ee |seoeceselee sence 13 ,18i) |e es. 122 | 1,137 | 3,785 | 4,017 | 266,479 
MACTAIMIENL OWE Ty Ores Geis [Epa eres ee pal | Sew ar erates axe ree ame te (NOL oe ara Te [Mra aU 95 
Outside streams....... 4,141 159 177 | 17,349 3165/2. 600): See 112, 161 

Total American 
Win paces 2 2,143, 503 | 22,092 | 33,684 [345,791 | 8,109 | 947 | 1,737 | 3,785 | 4,017 |6, 709, 546 

British Columbia...... 1483799"! 125928), 317160: 1765869) IsbOGH ls come lenne eal mies lene 1,353, 901 

Total pack of 
entire coast .../2, 292,302 | 35,020 | 64,844 |422,160 | 9,705} 947 | 1,737 | 3,785 | 4,017 |8, 063, 447 

CENTERS OF THE INDUSTRY. 

The salmon-packing industry of the United States is centered 
mainly in four localities: The Columbia River, Puget Sound, south- 
eastern Alaska, and western Alaska or the Bristol Bay region. The 
industry along the Columbia River is distributed from The Dalles, 
Oreg., to the mouth of the river, though the greatest number of can- 
neries is located near the mouth of the river, in the neighborhood of 
Astoria. On Puget Sound, the industry is centered around Belling- 
ham, Anacortes, and Port Townsend; there is an additional number 
of canneries in the Grays Harbor vicinity, on the Straits of Fuca. In 
southeast Alaska the canneries are distributed over the large area of 
islands and fiords extending from the Icy Straits to Dixon Entrance. 
In western Alaska they are situated principally on Bristol Bay. The 
locations of the various canneries in Alaska are shown in figures 
1 and 2. 
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16, 17, 18. Alaska Packers’ Association, 

Naknek River. 
19. North Alaska Salmon Co., Ugaguk 

River. 
20. Alaska Packers’ Association, Ugaguk 

25. 
26. 

21. Red Salmon Canning Co., 

24. Columbia River Packers’ 

River. 
Ugashik 

River. 

. Pacific American Fisheries. Port Moller. 

Northwestern Fisheries Co., Chignik. 

Association, 
Chignik. 

Alaska Packers’ Association, Chignik. 

Pacific American Fisheries, King Cove. 
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Fie. 2.—Sketch map showing location of the canneries in southeastern Alaska. 

Kny TO LOCATION OF CANNERIES. 

. Pacific American Fisheries, Excursion 

Inlet. 

. Astoria & Puget Sound Packing Co., 

Excursion Inlet. 

. Northwestern Fisheries, Dundas. 

. Thlinket Packing Co., Hunter Bay. 

. J. B. Nelson (proposed). 

. Hawk Fish Co., Hawk Inlet. 

- Hoonah Packing Co., Hoonah. 

. Deep Sea Canning Co., Chicagof. 

- Geo. T. Meyers & Co., Chatham. 

. Admiralty Trading Co., Gambier Bay. 

. Kake Packing Co., Kake. 

. Pacific Coast & Norway Packing Co., 

Petersburg. 

. Pillar Bay Packing Co., Point Ellis. 

14, 

15. 
16. 
Lis 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 

Kuiu Island Packing Co.. Port Beau- 

clere. 

Shakan Salmon Co., Shakan. 
F. C. Barnes & Co., Lake Bay. 

Canoe Pass Packing Co., Canoe Pass. 
Irving Packing Co., Karheen. 

Swift, Arthur & Co., Heceta. 

North Pacific Packing & Trading Co., 

Klawack. 

Kasaan Salmon Co., Kasaan. 

Lindenberger Packing Co., Fish Egg. 

Scowl Arm Packing Co., Scowl Arm. 
Oceanic Packing Co., Waterfall. 

Sunny Point Packing Co., Sunny Point. 

Alaska Pacific Fisheries, Chomley. 

Starr, Collinson Co,, Moira Sound. 
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Ky tro LOCATION OF CANNERIES—Continued. 

28. Wiese Packing Co., Rose Inlet. | 45. Metlakahtla Industrial Co., Metlakah- 

29. Northwestern Fisheries, Hunter Bay. tla. 

80. Alaska Pacific Fisheries, Chilkoot. 46. Northwestern Fisheries Co., Quadra. 
81. Tee Harbor Packing Co., Tee Harbor. 47. Kincolith Packing Co., Mill Bay, Brit- 

82. Taku Canning & Cold Storage Co., Taku. ish Columbia. 

83. Alaska Packers’ Association, Wrangell. | 48. British Columbia Packing Association 

84. Alaska Sanitary Packing Co., Wran- No. 2, Nass Bay. 

gell. 49. Hidden Inlet Packing Co., Hidden Inlet. 

35. Point Warde Packing Co., Point Warde. | 50. British Columbia Packers’ Association, 

36. Sanborn, Cram Co., Burnett Inlet. Nass Harbor, British Columbia. 

37. Northwestern Fisheries, Santa Anna. d1. Anglo-British Columbia Packing Co., 

38. Alaska Pacific Fisheries, Yes Bay. : Port Nelson, British Columbia. 

39. Alaska Packers’ Association, Loring. 52. Anglo-British Columbia Packing Co., 

40. Walsh, Moore Co., Ward Cove. Arrandale, British Columbia. 

41. Revilla Fish Products Co., Ketchikan. 53. Herbert Hume, Nakat Inlet. 

42. Pure Food Fish Co., Ketchikan. 54. M. Des Brissay & Co., Wales Island, 

43. Fidalgo Island Packing Co., Ketchikan. British Columbia. 

44, Lindenberger Packing Co., Roe Point. 

In the following table is given the production of the various cen- 
ters during the packing seasons 1909-1913, inclusive.1 

Taser IV.—Production of canned salmon in the United States and Alaska, by 
districts, during the years 1909-1913, inclusive. 

Number of cases packed. 

District. 

| 1909 1910 1911 1912 1913 

Pugét-Sound sss sec scec sess cecsersmeecees- | 1, 632, 949 567,883 | 1,557,029 416, 125 2, 583, 463 
Grays Harbors secs. o-eeaes ae eer | 19, 787 51, 180 61, 671 54, 507 54, 922 
Willapa Harbor s< s0¢<sccec cae nao sees 12, 024 14, 508 25, 850 24, 887 8, 422 
@olumbia Rivers. 222242 cn sesen- 8. are 274, 087 391, 415 543, 331 285, 666 266, 479 
Oregon coastal streams. ...... si. :..-.%- 58, 169 103, 617 153, 828 77, 765 42,441 
Klamath’ River, Cal 6s scsccs seseces cscs 5, 633 8, 016 7, 604 20, 000 6,376 
Southeastern Alaska...............-.-..--- 852,870 | 1,066,399 | 1,580,868 | 2,033, 648 1, 793, 851 
Central Alaskas 2 52. < 8a, asern eee see eeee 391, 054 432, 517 499, 743 625, 062 477, 267 
Western: Alaska -S2..:22.052 tie edesotecces- 1,151, 553 | 914, 138 743,206 | 1,395,931 1, 505,375 

THE WASTE PRODUCED IN THE CANNING OF SALMON. 

AMOUNTS. 

The waste produced in the process of canning salmon is variously 
estimated to be from 25 to 50 per cent of the original or “ round ” 
weight of the fish. The percentage of waste varies with the kinds of 
salmon, being greater with small than with large fish. It probably 
is true also that in canning the more expensive grades, which also 
are the larger fish, greater precautions are taken to reduce the waste 
than with the cheaper grades. In the case of the larger fish—the 
“reds ”’—perhaps the portion thrown away is more nearly 25 per cent 
than 50 per cent. Therefore, in considering the problem of prepar- 
ing the waste for use as fertilizer and in estimating the quantities of 
material available it must be specified what grades of fish are being 
dealt with. 

1From statistics published by the Pacific Fisherman, January, 1914. 
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FIG. 2.—GENERAL VIEW OF AN ALASKAN CANNERY. 

PLATE Il. 
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Fic. 1.—INTERIOR OF FISH-CANNING ROOM OF AN ALASKAN CANNERY, SHOWING TWO 

‘“IRON-CHINKS”’ IN POSITION. 

Fic. 2.—THE ‘“‘IRON-CHINK” IN USE. 
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In general, it is sufficient to designate the region under considera- 
tion, as the various centers of the industry are characterized by 
certain grades. Thus, in the Bristol Bay region of Alaska the pack 
consists of 94 per cent red fish, or sockeyes. In southeastern Alaska, 
between Icy Straits and Dixon Entrance, the total pack contains 
about 1 per cent of “reds.” In many canneries the proportion of 
red fish put up is negligible. In the Puget Sound region the com- 
position of the pack varies with the year. In years of a large run of 
sockeyes, as in 1913, the pack may contain as much as 65 per cent of 
the red salmon. In other years, as in 1912, it may comprise only 
45 per cent of sockeyes. In the three seasons preceding the last, 
1910, 1911, and 1912, the average composition of the packs on Puget 
Sound was 22 per cent “reds.” On the Columbia River the pack 
is composed almost entirely of red fish. While the figure which 
represents the exact proportions of waste from the red fish is not 
known, it can be said with a fair degree of accuracy that the waste 
from humpbacks is from 40 per cent to 50 per cent of the round 
weight. Thus, to fill a case of 48 1-pound cans, from 17 to 19 5- 
pound salmon are required. On this basis, a round weight of from 

85 to 95 pounds is reduced to 48 pounds, representing a waste of from 
37 to 47 pounds per case. For the sake of conservativeness in this 
discussion, 40 pounds per case has been taken to represent the waste 
from humpbacks and 30 pounds per case that from the “reds.” On 
the basis of the foregoing figures representing ‘the total pack of 
salmon, taking 30 pounds per case as representing the loss from red 
salmon and 40 pounds per case from the others, the amount of can- 
nery waste produced by centers may be estimated. Likewise the 
value has been computed on the basis of $15 per ton, the value fixed 
by present commercial operations. The following table gives the 
amount of cannery waste and its value: i 

TABLE V.—Amount of cannery waste produced and its value. 

Cases packed. Waste. 

Region. Value. 

“Reds.”’ Others. | ‘Reds.’ | Others. Total. 

Tons. Tons Tons. 
ColimmplawevLversenes ste sae ce cet cee 2660479) |seeiererem eras AO00n eats secs 4,000 $60, 000 
MOI SOUNG MSs ete eee Wee ee 1, 673, 099 910, 634 25, 100 19, 700 44,800 672, 000 
Southeastern Alaska...............--- 180, 685 1,613, 150 2, 700 32, 260 34, 960 524, 400 
WVIES Terri Aulels aes ae ei) ioe 1, 419, 441 85, 934 21, 290 1,700 22,990 344, 850 
CentraliMlaskaaien assen sees CS 364, 253 83,014 9, 960 1, 660 11, 620 174, 300 
Grays Harbor, Willapa Harbor, and 
Oregon coastal streams........--..-- ake (ci) Groaaccsocss O40 a seawater 1,540 23, 100 

me iUinited, States: -.2---2<. 45. is AE cal ier JS al oS Age a ee rai 119, 910 | 1,798, 650 
IBGIISM Columb iacee sie wee ys Aly UT SEE CUO Csousesleaus S030) Sees 20,300} 304,500 

IPA GIL CHCORS Heist Ne y= eis 5c epee yale ee A Ege Leet 2) ieee oie 140, 210 | 2,103, 150 

1 Computed as “reds.’’ 

59351°—Bull.150—15——3 
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CHARACTER OF WASTE. 

The first waste involved in the canning of salmon to be considered 
in this discussion is the waste of fish other than salmon taken with 
them in seines and traps. This varies widely from day to day and 
with the place and method of fishing. At best it is a matter of great 
uncertainty. Thus, in a scow load of 30,000 salmon taken from a trap 
under the observation of the writer, there was an entirely negligible 
number of fish other than salmon, while from another trap it was 
recorded that the catch was made up of approximately 50 per cent 
of salmon and 50 per cent of other fish. Of the salmon about 1 per 
cent was dog salmon, a slightly larger proportion was humpbacks, 
10 per cent was cohoes, and the balance, about 88 per cent, was sock- 
eyes. Among the other fish taken, a number equal to that of the 
salmon, were trout, tomcod, flounders, and dog fish. Where the pro- 
portion of fish other than salmon taken in traps is so great; they are 
thrown from the scow as fast as brailed into it; while if the propor- 
tion be small, they are permitted to remain. When the fish are un- 
loaded at the cannery these are thrown overboard by the unloaders as 
encountered, or, frequently, the edible fish are picked out by children 
or adults from among the laborers around the cannery and are 
used for food. Aside from the fish so consumed, there is a consider- 

able number of food fish for which there is no demand, as well as 
nonedible fish, such as dogfish, which easily could be made available 
as a supplementary scurce of material from which to prepare ferti- 
lizer and oil. However, from the casual observations of a summer 
spent in and around the salmon canneries and from the answers to 
casual inquiries regarding the matter, it must be said that as a 
source of such material the fish other than salmon, taken incidentally 
in the salmon fisheries, are too uncertain and too variable in amount 
to be given very serious consideration. Undoubtedly, in the aggre- 
gate they form a considerable supply, and a large part of it could 
be made available for fertilizer manufacture. But in view of the 
many elements of uncertainty involved, it perhaps is unnecessary to 

speculate further upon the bearing of this supply on the problem 
under discussion. 

In the neighborhood of some of the canneries to-day, where the 
waste from the dressed salmon is thrown into the water, there are 
seemingly hordes of dogfish. These could be taken with the utmost 
ease and would make an abundant source of material on which to 
operate a fertilizer plant. It must be borne in mind, however, that 
when the food supply which now attracts them to the canneries is 
cut off, as it would be if a by-products plant were instituted in con- 
nection with the cannery, they would cease to congregate there in 
such numbers. Also, if attacked by any of the present methods of 
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fishing with hook and line or seines, it is possible that they would 

desert the waters where so attacked. 
In past years it has been true that in the height of the fishing sea- 

son, when the salmon were most abundant, large numbers were thrown 
away. The reasons for this lay in the fact that more salmon were 
caught and delivered at the canneries than could be preserved. 
With the fish delivered, it remained only to do what the circumstances 
showed was the logical thing—to discard the less valuable part of 
the excess delivery and preserve the more valuable. The error, of 
course, lay in permitting the delivery of such large quantities of 
fish. Once this error was committed the resulting waste was un- 
avoidable. Even to-day, with the increased demand for fish and 
greater facilities for communication, there occasionally occurs a 
similar waste. During the summer of 1913 the civic authorities of 
Anacortes, Wash., were called upon to take action te protect the city 
from the nuisance resulting from the dumping of “many thousand ” 
of salmon into the harbor.* 

Such an oversupply of fish at a cannery is lable to occur at any 
time during the period of greatest: abundance of fish as long as the 
present methods of securing the fish are employed. In localities 
where there are several canneries in operaticn it is frequently pos- 
sible to sell the surplus taken by one cannery to supply the needs of 
another. But where all the canneries are pursuing the fish with 
equal success, it is evident that a superfluity for which there is no 
demand is likely te occur. 

It is most desivable that these fish be allowed to remain at liberty 
and to continue en their way to the spawning grounds. But cnce 
taken and allowed to die, any use whatever is preferable to throwing 
them back into the water to cause pollution and create a nuisance. 

In case of a by-products plant being in operation as an adjunct to 
or in the neighborhood of a cannery, the logical thing would be to 
render fer fertilizer and oi! the oversupply of salmon. A law 
which would permit the capture by the packers of more fish than 
could be used for food, if at all reasonable, would permit their use 
in this manner. 
A circumstance which would militate against this incidental sup- 

ply of raw material being of probable value to a by-products plant 
is the fact that it would be available only while the cannery is being 
operated at maximum capacity and, on rare occasions, when, through 

some mishap, the operation of the cannery temporarily is suspended. 
Fhe capacity of a by-products plant quite possibly would be such as 
to enable it to treat only the maximum output in waste of the can- 
nery or canneries, and in that case it would not be able readily to 

+The American-Reveille, Bellingham, Wash., Sept. 2, 1913. 



20 BULLETIN 150, U. S. DEPARTMENT OF AGRICULTURE. 

adapt itself to such a sudden increment in the amount of material 
to be handled. 

A practice formerly much in vogue and still used to a small extent 
is that of curing what is known as “salmon belles.” The thin 
ventral walls of the fish are cut out, with a single stroke of a knife, 
and are packed in salt. They are considered a great delicacy. The 
remainder of the salmon, consisting of the greater part of the mus- 

cular portion, is thrown away. ‘To what extent this practice prevails 
it is impossible to say, as the “salmon belles” at times are prepared 
by members of the fishing gangs, ostensibly for their own use, while 
on the way from the fishing grounds to the canneries, the refuse 
being thrown overboard. In case of the institution of by-product 
plants in connection with canneries, the waste produced from this 
source should be investigated with a view to its utilization. Only 
when some use is made of the discarded greater portion of the fish 
ean this extremely wasteful practice be justified. 

In addition to the “salmon bellies” prepared by those associated 
with the fishing industries for their own consumption, 1,118 barrels 
are reported as prepared for the market—468 barrels in Alaska and 
650 in the State of Washington. In some cases the residual salmon 
is salted also; to what extent can not be determined from the statis- 
tics available. It is probable that the portion preserved as the 
“belly ” is about 10 per cent of the whole salmon. The residue from 
the preparation of 1,118 barrels of 200 pounds each would: amount 
to about 1,060 tons. 

In the dressing or “ butchering” of the fish the first operation is 
the severing of the head. This is true whether the dressing is done 
by hand or by machine. If by hand the head is severed by the first 
of two “butchers” working together, the second of whom opens the 
fish and removes the viscera. If by machine, as has been described, 
as the fish enters the machine it is lifted against a knife which severs 
the head. In either case the head is cut off as a separate operation. 
This circumstance makes it a simple matter to collect the heads sepa- 
rately from the other waste. 

The balance of the waste is produced together, whether coming 
from the knives of the human oper ator or the machine. It consists 

of the roe, the entrails and other viscera, and the fins and tails. With 

the fins are cut off portions of the flesh, and with the tail at least 2 
inches of the fleshy portion of the fish is severed. The stomach and 
entrails make up only a small portion of this material. Certain spe- 
cies of the salmon after they start on their course toward the spawn- 

ing grounds, or certainly after they reach fresh or brackish water, it 
is said, take no food whatever. The alimentary tract of the fish 
caught near the shore is small and shriveled and quite empty. The 
energies required by the subsequent activities of the fish and the ele- 
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ments necessary for the further development and ripening of the roe 

are supplied through the metamorphosis of the materials already 
stored up within the body of the fish. The weight of the roe prob- 
ably about equals that of the other waste produced with it; and that 
of the roe, fins, and tail, combined, probably equals that of the head. 
The roe, then, according to this estimate, makes up about 25 per cent 
of the weight of the waste produced in the cannery; and the head, 

according to the same estimate, about 50 per cent. Therefore about 
one-half of the materials designed for hypothetical rendering plants 
would be in the form of compact lumps, rather clean in nature, and 
easily handled (the heads). In this connection it may be said that 
during seasons of abundant materials some of the rendering plants 
now in operation make a practice, so far as possible without comph- 
cating the methods, of collecting only the heads. As the material is 
being loaded upon the scow for transportation to the rendering plant, 
streams of water are allowed to play over it until most of the finer 
matter is washed out and practically only the heads remain. This 
practice is followed because of the greater facility with which the 
heads can be rendered. The roe contains more gelatinous material, 
which adds to the difficulties of pressing. 
An additional though small amount of waste is found in the water 

from the “slimers’” tables. This consists of the small strings of the 
viscera and of pieces of fins still adhering to the fish after having 
passed through the mechanical cleaner, and of the clots of blood 
which he along the dorsal portion of the body cavity. 

The entire mass of waste, with the exception of the heads, is 
moved by streams of water. Any system of collecting it entirely 
must depend on handling—to begin with, at least—the entire volume 
of water. It is a happy circumstance that all of this material has 
a higher specific gravity than has water, so that a complete separa- 
tion of it from the water is possible simply through settling. This 
applies to every part of the waste, except, of course, the dissolved 
blood. The dilution of this solution makes its treatment for the 

recovery of the blood of doubtful economy. Since the final elimina- 
tion of this large volume of water is so easy, no particular advantage 
is to be gained from the reduction of its volume so long as that 
reduction involves the loss of valuable solids. For that reason it 
probably would prove most advantageous to include the entire 
volume of water used in the various cleaning operations in any 
process for the collection of the by-products. In other words, since 
the separation of the solids from the liquids is so easily accomplished 
by simply permitting the former to settle out, but very little more 
expense would be involved in using a large than a smal! volume. 

The physical composition of the waste produced in the cleaning 
house, then, is the heads, forming large lumps, the tails in smaller 
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lumps, together with a more or less finely divided and slimy mass 

of roe, pieces of flesh, and viscera. In rendering, the fleshy and bony 
portions withstand cooking with less tendency to disintegrate, as 

they are composed largely of muscular tissue on a framework of bone 
and cartilage. The roe, the milt, and the viscera are of much softer 
structure and are readily disintegrated. If the roe has reached that 
stage of development where the individual eggs have attained the 
size of peas, each has an envelope which is hardened and toughened 
by cooking or drying, and the albumen constituting the major por- 
tion of the egg is readily coagulated by heat. Materials which 
retain their structures under the cooking action of steam are rendered 
easily, while those which, on the contrary, disintegrate into an 
amorphous mass present serious difficulties. The preponderance of 
heads and fieshy pieces in the waste from the salmon canneries is 
a very favorable circumstance. 
The waste as it is removed from the cannery floor is fresh, with 

but slight odor, and is practically entirely free from foreign sub- 
stances. As most of the canneries are located in regions of compara- 
tively cool climate, there is not a very strong tendency for the waste 
to spoil. This is particularly true of Alaska. On Puget Sound 
periods of warm weather of sufficient duration and severity to induce 
rather rapid decomposition in the waste may be expected. Alto- 
gether, the material is remarkably clean and inoffensive. And in a 
by-products plant in which the waste is rendered as fast as produced, 
the odors arising therefrom should be no more undesirable than those 
already liberated from the salmon cooking in the cannery proper. 
This odor, the odor of steamed salmon, can not be considered objec- 
tionable from a sanitary point of view. 

OTHER SALMON-PRESERVING INDUSTRIES. 

The preservation of salmon in salt constitutes an industry of con- 
siderable extent, though it scarcely compares with the canning in- 
dustry in importance. It results in the production of large amounts 
of waste, and deserves attention as a possible auxiliary source of 
raw materials, under favorable conditions, for a possible adjacent 
rendering plant. The extent to which this method of preserving is 
carried on at any one station is scarcely great enough to warrant the 
installation there of a by-products plant to render the waste. 

In Alaska, during the past season, “ mild-curing” (the preserva- 
tion by the aid of a small amount of salt combined with cold storage) 
was prosecuted to the extent that 7,448 tierces, of 800 pounds each, 
were prepared. The greater proportion of this was packed in south- 
east Alaska. In the States, 3,621 tierces were packed on Puget 

1 Bower and Fassett, Pacific Fisherman, 12, No. 1 (Special), 58 (1914). 
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Sound, 300 on the Washington coast other than Puget Sound, 5,746 
on the Columbia River, 2,381 on the Oregon coast, 4,789 on the Sacra- 
mento River, and 550 on Monterey Bay.t| The waste in “ mild-cur- 
ing” amounts to about 25 per cent, or 250 pounds per tierce. The 
total waste in the industry, then, is about 3,100 tons. 

Of pickled or salted salmon, 37,841 barreis of 200 pounds each 
were prepared in Alaska. Most of this was packed in western 
Alaska. In the State of Washington an additional number of 4,610 

barrels were packed. The waste from this branch of the salmon- 
packing industry, on the basis of 25 per cent, or 75 pounds per barrel, 
amounts to 1,587 tons. 

CHEMICAL COMPOSITION OF THE RAW CANNERY WASTE. 

Analyses of samples of the waste from humpback salmon were 
made by J. R. Lindemuth, of the Bureau of Soils. The material 
from which the samples were taken was collected from the floor of a 

eannery in Alaska; after the addition of formaldehyde, it was sealed 
in tin for shipment. While its preservation was not perfect, the 
changes which took place within it during transshipment are not 
considered great enough to have altered materially its ultimate chem- 
ical composition or to have lessened the value of the subsequent 
analysis. From this material three samples were prepared, one of 
heads, one of fins and tails in equal proportions, and one of roe and 
milt in equivalent proportions. 

Moisture was determined by evaporating to dryness a definite 
weight in a steam bath at a temperature of 100° C. Nitrogen, oil, 
and phosphoric acid were determined in the dry samples by the usual 
methods of analysis. In the last column of the tables are given the 
figures representing the content in oil, in gallons per raw ton, of 
the different samples. This figure is arrived at by calculating to 
gallons from the percentage composition of the dry sample of each, 
the value 0.925 being taken to represent the specific gravity of the oil. 

Taste VI.—Analyses of samples of the raw material produced as waste in the 
mechanical dressing of “ humpback ” salmon. 

[Material taken from the floor of the cannery of the Pure Food Fish Co., Ketchikan, 
Alaska, July, 1913.] 

Phos: Bone 

Character of sample. Moisture.| Nitrogen.| phoric ee Oil. OF Det 
acid. Ca; (PO34)2! 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Gallons. 
68. 7 Sinee (te) 1.08 5 ay 8. 24 Roe and milt (50 per cent each).--.-....-- 2.35 3.18 

CAA See wets See Tata 63. 2 2. 65 1.54 3. 36 13.70 35. 51 
Minstan Qetawl Sine h 2 See ess cescee ee clee 63. 26 3.11 2. 20 4.80 11.16 28. 94 

PASV CLAD Osa denies olla aris SNM 2s bas 64.6 3. 02 1.59 3. 46 | 10. 43 27.05 

1Salt Fish Statistics, ibid., 85 (1914). 
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TABLE VII.—The results reported in Table VI, recalculated to the water-free 
basis. 

Phos- Bons 
Character of sample. Nitrogen.| phoric rate Oil. 

acid. Jcas(PO.)s 

Per cent. | Per cent. | Per cent. | Per cent. 
ROG SITU se oes te ee ER ee Boe Fen ho ee ee ce He 776 3.44 7.50 10.16 
Heads.....-. feaaisiae es setae acs Dee Se eee Sec eee ae ee ees 7.20 | 4.18 9.13 37. 22 
Bins an Gitails 2 fa5 eee Set goes tunes ac ee essere een 8. 46 5.98 13.06 30. 37 

Average......-- Be Bares ee eeRe oases RS ae Les 8. 65 4,44 9.70 28.74 

The value representing the average composition of cannery waste 
is arrived at by adding the figures for the percentage composition 
of the heads, taken twice, and of the roe and the fins and tails. The 
values for the heads are multiphed by two, because, as it will be 
remembered, the heads are estimated to make up 50 per cent of the 
waste; while the roe and the fins, with the tails, are estimated to 
constitute 25 per cent each. 

From this table it appears that the heads are richer in oil than 
the other parts of the waste. This is to be expected, and agrees 
with the facts as established practically in the rendering plants 
operating on this material. The nitrogen content of the heads is 
correspondingly low. As it is the oil which constitutes the greatest 
value among the substances recovered, this fact makes the heads 
the most valuable part. The high nitrogen content of the roe is 

to be expected, as it is made up to such a large extent of albuminous 
compounds. its low content in oil likewise conforms to one’s pre- 
conceived ideas. 
On the basis of the analysis reported in Table VI, the value of 

the raw cannery waste may be computed. 

The percentage of nitrogen, 3.02, is equivalent to 3.67 per cent 
ammonia, NH,. This, in the retail market, may be expected to 
bring $3.20 per unit (a unit being 1 per cent); bone phosphates is 
valued at 10 cents per unit; and oil at 30 cents per gallon. Then: 

SOU DOL GCliGe Niels: (elie: 20) Melo u Tiida mes eee ek eee eee $11. 74 

3.46 per cent bone phosphate, at 10 cents per unit________ 0. 34 

20.05 gallons. oil, at 80 cents per gallon_=———=_ == ss 8. 12 

AM oyeeM LMA ecb Couey eyes Omante hy) aH ONM ae eee Smee eee 20. 20 

By present methods the manufacturers of fertilizer and oil from 
this material expect to recover about $15 in values. Present 
methods, then, can be considered as only 75 per cent efficient. In 
further substantiation of this conclusion are the results published 

by Thomas. 

1A. M. Thomas, Waste in Salmon Canning Industry. Pacific Fisherman, 12, No. 2, 26 

(1914). 



UTILIZATION OF THE FISH WASTE OF THE PACIFIC OCEAN. 25 

Phe averages of all experiments show the following facts: Each ton of salmon 

offal treated produced 800 pounds of mixed oil and fertilizer. Of this amount 

200 pounds was salmon oil and 600 pounds oil-free fertilizer. The average 

analysis of the fertilizer thus produced was—ammonia, 14.5 per cent; bone 

phosphate, 13 per cent. 

Estimating the 200 pounds of oil as being 25 gallons, at a price of 32 cents, 

which seems a fair average, we have, then, for each ton of offal treated an oil 

value of $8, and, estimating the value of a unit of ammonia at $3.20 and bone 

phosphate at 10 cents per unit, we have a fertilizer value at—14.3 per cent am- 

monia, at $3.20, $45.76; 13 per cent bone phosphate, at 10 cents, $1.36; or a total 

value of $47.06 per ton. 

Then, at 600 pounds of fertilizer of this quality to the short ton of offal 

treated, we have $47.06 X0.8—$14.12, the fertilizer value of 1 ton of offal, which 

gives a total available value of 1 ton of offal as—fertilizer, $14.12; oil, $8; 

total value, $22.12. 

METHODS OF DISPOSAE OF WASTE. 

It already has been stated that the first waste incident to the sal- 
mon-canning industry consists of throwing overboard the fish unfit 
for food and food fish for which there is no demand taken inciden- 
tally with the salmon. It has also been pointed out that the second 
waste, considered in the order of the manipulation of the fish prior 
to canning, consists in the occasional discarding of scowloads of 
salmon for which there is no demand. 

In the succeeding operation of dressing the fish the head is severed 
first. If severed mechanically it falls directly into a chute leading 
beneath the cannery floor; if by hand, it, together with the viscera, 
is washed into a chute by water flowing through a trough at the back 
of the “butchers’” table. Where the dressing is mechanical, the sev- 
ering of the head and the removal of the viscera are performed as 
separate operations by the same machine. ‘The head falls into a 
chute which directs it beneath the cannery floor. The viscera fall 
through an opening in the floor situated directly beneath the ma- 
chine. As there is considerable spattering, the floor around the 
machine is liberally covered with the waste. After a consignment 
of fish has been cleaned, or at the end of the day’s work, the mate- 
rial on the floor is washed into the opening beneath the machine, or 
through the cracks, purposely large, in the floor. That produced 
by the operations of the “slimers” likewise is conducted beneath 
the cannery floor. From this point, all of the waste, whatever its 
source, is treated together or similarly. 

In southeastern Alaska the common practice is to permit all the 
waste to fall into the water beneath the cannery. As it is heavier > 
than water it sinks to the bottom. in certain instances it is 
exposed at low tide (see Pl. V), though generaily the water is of 
sufficient depth to cover it. In certain localities it is devoured 
by dogfish as fast as produced, while at other canneries a few 

59351 °—Bull. 150—15—4 : 
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miles distant these scavengers are strangely missing. In some 
cases the tidal currents carry the waste away, while in others, again, 
it accumulates on the bottom throughout the season. In such in- 
stances fermentation takes place slowly, with the production of 
obnoxious gases, which may be liberated slowly or may be held within 

the mass and released in large volumes and with considerable force. 
In a few instances in Alaska the waste enters chutes beneath the 
cannery floor, which conduct it to deep water at a distance from the 
cannery. : 

This practice has very serious .objections. Practically always 
the waters around the canneries become fouled through the putre- 
faction of this waste in the water. Even though it may fall upon 
the bottom beneath the low-water mark, putrefaction within it will 
cause it to rise to the surface and some of it will find its way to 
the beach beneath and close to the cannery buildings. The amount 
may be small, but it will be sufficiently great to taint the air with 
its odor and convey the impression of an insanitary cannery. The 
pollution of the waters of the neighborhood likewise most probably 
results in those waters being deserted by fish which do not feed upon 
the putrefying refuse. This has been pretty thoroughly established 
in other regions in the case of certain food fishes. It is safe to as- 
sume that other fish possess some of the same fastidiousness. This 
may appear to be a matter of slight moment; but there are those 
who believe, and whose belief seems entirely justified by the known 
facts, that the disappearance of the salmon from certain waters of 
the East where they once swarmed in great numbers has been caused 
by the pollution of those waters. To be sure, this is a belief and not 
a demonstrated fact, but to disregard it and the warning which it 
gives is to run a risk that the fishing industry can ill afford to take. 
Likewise, where the cannery is located close to a town the nuisance 
created by the polluted waters results in a feeling of antagonism 
on the part of the residents of such a settlement. To retain the 
sympathy of the residents of a neighborhood in which an indus- 
try is located is being recognized as a matter of importance. 
There is in Alaska already a lack of sympathy with the packers on 
the part of the residents, who show an inclination to regard them as 
being indifferent to the well-being of Alaska and Alaskans. It is 
even claimed that this feeling has found expression in recent legisla- 
tive enactments. 

Tn certain parts of the Bristol Bay region the lack of deep water 

near the cannery makes it necessary to carry the cannery waste away 

from the vicinity of the cannery. This is done by loading the waste 
upon scows and towing them out to deep water for emptying. The 
same practice is resorted to in certain regions on Puget Sound, where 
the nearness of towns makes the pollution of the waters of the harbor 
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in this manner prohibitive. This method of disposal involves se- 
rious expense both in the construction and maintenance of scows and 
special loading devices and in the actual expense of towage, in addi- 
tion to which is the inconvenience of applying the cannery tugs 
to such work during the height of the fishing season. 

AMOUNT OF WASTE UTILIZED IN THE VARIOUS CENTERS. 

COLUMBIA RIVER. 

Of the 4,000 tons of cannery waste produced in the canneries of 
the Columbia River in 1913, cnly 800 tons were utilized for the man- 
ufacture of fertilizer and oil, leaving a balance of 3,200 tons which 
was thrown away. ‘This amount was rendered in one fertilizer and 
oil plant situated near Astoria, Oreg. The raw materials for this 
plant were secured exclusively from the canneries of Astoria, a max- 
imum haul of 7 miles. Its output in finished products during the sea- 
son of 1913 was about 80 tons of dry fish scrap and 20,000 gallons 
of oil. 

PUGET SOUND. 

During the season of 1913 approximately 15,500 tens of raw can- 
nery waste were treated in the fish-rendering plants of Puget Sound, 
with the production of 1,550 tons of dry scrap and 273,000 galions 
of oil. Four plants were in regular operation, one being situated 
at Seattle, two at Anacortes, and one on Lummi Island, opposite Gel- 
lingham. A fifth plant, of large capacity, situated on Eliza Island, 
near Bellingham, was undergoing its initial trial during the summer, 
but marketed no output. Of these plants, the four situated near the 
Bellingham-Anacortes center of the canning industry naturally ob- 
tained the bulk of their raw materials from the canneries of the 
immediate neighborhood. 

ALASKA. 

At present there is but one rendering plant operating on salmon 
waste in the entire territory. This is strictly a by-products plant 
as an adjunct to a cannery, and is designed for a capacity hm- 
ited to the maximum output in waste of the cannery of which it 
forms a part. The equipment was installed just prior to the fish- 
ing season of 1913. Preliminary runs showed that the capacity of 
the drier was insufficient to dry the output of the digesters or to 
permit the plant to run at an economical rate. For that reason it 
was not operated throughout the season. It was operated long 
enough, however, to show that the process employed yielded a good 
quality of oil and dry scrap of entirely satisfactory composition and 
appearance.” 

1 Pacific Fisherman, 12, No. 1 (Special), 1914. 

2 The analysis of this product is reported in Table VIII, on p. 33. 
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FISH SCRAP FROM SALMON WASTE. 

From preceding paragraphs it is to be seen that during the last 
year a total of 1,680 tons of dried fish scrap and 286,000 gallons of 
oil were manufactured from the waste from salmon canneries on the 
Pacific coast of the United States. The amount of these products 
represents the output of five plants. 

The methods employed in at least four of the five plants in all 
essentials are similar. The differences between them are chiefly in 
mechanical features and in the arrangement of the machinery within 
the plants. The same process is used in all of them. This consists 
in cooking the waste by steam, either in closed retorts under pressure 
or in open retorts, in pressing the cooked fish in one type of press 
to remove the water and oil, and drying the scrap. ‘In the following 
paragraphs the methods in vogue in these rendering stations are 
described in some detail. 

COLLECTING. 

The waste is carried from the cannery to the rendering plant on 
scows. In cases where the floor of the cannery is high enough above 
the surface of the water the refuse from the various “ butchering ” 
operations can be run through chutes into the scows by gravity. 
There are instances, however, where this is not possible at high water, 
and it has been found necessary to install conveyors for loading the 
scows. These are arranged beneath the cannery fioor. The material is 
delivered to them at the bottom of hopper-shaped receptacles which 

receive the waste from the cannery floor. Where the top of the 
scow at high tide is above the level of the cannery floor, two con- 
veyors working together at an angle to each other are utilized, one 
bringing the material horizontally to the edge of the dock to which 
the scow is made fast and the other lifting it over the side of the 
scow. The conveyors may be operated by a small gasoline engine 
or by the same motive power that operates the mechanical cleaner 
or the cutter. 

UNLOADING. 

The charged scow is towed to the dock of the rendering plant, 
where it is unloaded mechanically. An adjustable bucket conveyor, 
of the wheat-elevator type, is rigged in such a manner that its free 
end can be thrust into the mass of material constituting the load of 
the scow. The load is thus hfted and deposited directly, or by means 
of an auxiliary conveyor, into storage bins. From these it is drawn 
off as desired into cooking vats. What is regarded as the best prac- 
tice consists in raising the waste directly to bins situated over the 
cooking vats, which in turn are placed over the presses, so that only 
one lifting is necessary, and the material thereafter may pursue its 
course through the factory by gravity. 
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COOKING. 

The upright, cylindrical retort is in general use. It is provided 
with openings in top and bottom for charging and discharging, re- 
spectively. If the fish is to be cooked under pressure the opening in 
the top is generally smaller than otherwise, so that it more readily 
may be closed and rendered tight enough to retain the steam at the 
pressure at which it is admitted to the retort. 

The manner in which the steam is admitted and the length of time 
during which the charge in the retort is subjected to the cooking 
action of the steam vary from plant to plant. In certain instances 
the steam is injected at the bottom and allowed to permeate the mass 
of waste undergoing cooking. When it appears at and issues freely 
from the top the charge is deemed sufficiently cooked. In other cases 
the cooking is continued for 12 hours under a pressure of 20 pounds 
of steam. As each operator regards his methods as the best, it may 

be said that all of the metheds give equal satisfaction. 
After cooking, the charge may be allowed to stand to settle, or it 

may be drawn off at once into the presses. If the former procedure is 
observed, much of the oil released in the cooking rises to the surface 
and is drawn off in any suitable manner. in any case the charge is 
admitted to the presses hot. As a result of the cooking the material 
may be thoroughly disintegrated to form a thin soup, or it may be 
broken up into coarse particles. The only essential seems to be the 
disintegration of the heads. 
What is considered a good practice is to run the charge as soon as 

sufficiently cooked from the retorts into a storage vat or “slush box.” 
This is provided with steam coils so that the material may be kept 
hot. From this vat the cocked fish is admitted to the presses. This 
system admits of greater elasticity, making the rate of cooking inde- 
pendent of that of pressing. 

PRESSING. 

Presses of the hydraulic or the “ knuckle” type are in general use. 

Owing to the fine state of subdivision of the material to be filtered, 
the part of the press functioning as a filter must have very fine aper- 
tures in order that the separation between liquids and solids may be 
effected. ‘The readiness with which such fine material closes the 
apertures of a filter and retards separation necessitates a very large 
filtering surface for a comparatively small amount of material. 
These conditions are fulfilled in the salmon-waste filter presses by 
the use of a heavy and compactly woven sort of burlap bagging 
(“hop cloth”), in which only small portions of the waste are put to 
be pressed. 

The charge for the presses is made up in the following manner: A 
framework of 1-inch strips of wood inclosing a square of about 3 
or 4 feet is placed on a truck and over it is thrown a square of the 
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burlap. This makes a shallow receptacle, which is filled to the depth, 
perhaps, of about 8 inches with the material to be pressed. Then the 
loose edges of the burlap are folded over on top of the material so 
that it is entirely covered. On top of this is placed a square, of 
about the same dimensions, of wooden slats, held together by a suit- 

able framework. On the slats is placed a second frame and a second 
square of burlap, which receives in like manner another charge of 
material, This operation is repeated until a stack of batches of 
material held thus in sections of burlap is built up of sufficient height 
to fill the press. Sheet-ircn plates may be substituted for the wooden 
slats. . 

In charging, the truck which is to support the charge is wheeled 
beneath the cookers or the “slush box.” Fer this purpose a track is 
built from the press to the cookers. The cooked fish, by the manipu- 
lation of cocks and a movable spout, is permitted to flow upon the 
receptacle arranged for it. When the charge has been, completed the 
truck with its burden is wheeled into the press. The pressure is 
applied until the maximum power of the press has been reached, or 
until no further amount of water and oil can be removed. 

It is desirable that the material be pressed while still hot, as the 
water expressed contains glue in solution which on cooling tends to 
harden and clog up the filter. 
When removed from the press the solids have been forced into hard 

cakes about an inch in thickness. These are shaken out of their 
burlap envelopes onto the floor, when they are ready for the driers. 

The oil and water expressed from the scrap are permitted to run 

together to receiving vats. On standing and with the aid of heat, 
the oil rises to the surface and the fine sludge which has escaped the 
filter settles out. The oil is drawn off from the surface into a series 
of vats, where it is subjected to successive simple treatments for its 
purification. Suspended solids and occluded liquids are washed from 
it by bubbling steam through it, and occasionally it is “cut” with 
sulphuric acid to effect a clarification. 

The residue pressed from the cooked fish may be saved to recover 
the glue which it contains, or it may be allowed to go to waste. ‘The 
latter practice is the one generally adopted. For the preparation of 
glue it is thoroughly freed from solid matter and is then evaporated 
by steam coils to the desired concentration. 

DRYING. 

Of the several types of driers in use on the Pacific coast, there is 
only one employed in drying fish scrap from cannery waste which 
is at all comparable to the hot-air driers found in common use on the 
Atlantic coast. This is a drier of large size and capacity, the opera- 
tion of which involves the principle of both direct and indirect heat- 
ing. It is a rotary cylinder of iron mounted inside of an inclosing 
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chamber of brickwork. Hot gases from crude petroleum burners are 
admitted to the chamber surrounding the cylinder and are drawn 
thence into the cylinder through apertures constructed at intervals in 
the walls. The scrap to be dried is admitted at the hot end of the 
cylinder and removed at the cool end, thus traveling with the current 
of air. From the cylinder it drops into an elevator and is carried 
therein directly te the bagging room. The current of gases through 
the drier is maintained by a rotary fan situated behind the drier. 
By means of this the gases drawn from the drier are forced through 
a chamber where they are washed free from suspended particles by 
means of a water spray. Thence they are driven through the fire box 
beneath the factory boilers. In this manner odors arising from the 
hot-air drier, and constituting, perhaps, the only objection to its use, 
are completely destroyed. — 

In the fertilizer plants of the Pacific coast the steam drier is em- 
ployed most commonly, owing possibly to the simplicity of its in- 
stallation and operation and to the fact that of all the driers it is 
most readily available in the desired capacities. It is not intended 
that the idea shall be conveyed by this statement that the steam drier 
inherently is more simply installed and operated. Such is not 
believed to be the case. But at present the hot-air driers advertised 
for sale and actually in use are large in both size and capacity and 
are unfit for the treatment of small amounts of material. The manu- 
facturers have failed to meet, or perhaps to create, a demand 
for driers cf small capacity, and for that reason the steam drier is 
in most common use. An additional advantage possessed by the 
steam drier is its simplicity of regulation. Overheating being im- 
possible, it remains only to admit the steam and wait for the charge 
to dry. It can not be regarded as the most efficient or as the most 
economical except in cases where exhaust steam is employed. 

The type of steam drier found in use in drying scrap from salmon 
waste usually is a horizontal cylinder provided with steam coils in- 
side, or encircled by a steam jacket. For stirring, the cylinder is 
equipped with paddles revolving in it, or the cylinder itself is 
rotated on a horizontal axis. 

_A third type of drier, recently installed in a certain manufactory, 
is unique in that it makes use of the waste heat from the fires be- 
neath the factory boilers. As this drier was designed by the operator 
from ideas suggested by his experience, and is not advertised for sale 
by the manufacturers of driers, the writer does not feel justified 
in publishing here the details of its construction. It should suffice 
to say that the drier is reported as being quite efficient and satis- 
factory, and the scrap coming from it is of a very high quality. Its 
lack of importance as a type is more than made up by its value 
as an illustration of what is possible in the enhancement of economy 
in a fish-rendering plant. 
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THE PRODUCTS. 

CHARACTER OF SCRAP. 

The scrap produced from salmon waste is of very high quality. 
For its value as fertilizer, 1t is open to criticism only cn the score of 
its high content in oil. This amount of oil probably is not sufficient 
to prove a serious detriment to the soil nor, possibly, materially to 
retard the decomposition of the scrap within the soil. But it is dis- 
advantageous in that it is so much inert material of no fertilizer 
value. The fact that the oil, of high value if extracted, here plays 
the réle of a worthless diluent of a less valuable product, has no 
bearing on the value of the scrap as a fertilizer; instead, it con- 
cerns only the economy of the process by which the material is pre- 
pared. With regard to the bearing of-the presence of oil in ferti- 
lizer materials on the value of those materials, attention should be 
called to the work of Skinner and Beattie,? of the Bureau of Soiis, 
having to do with the value of city street sweepings for fertilizer pur- 
poses. To explain the poor manurial value of this material it was 
supposed that the presence therein of oil, dropped upon the streets 
by automobiles, prevented its decomposition, a supposition which be- 
came a conclusion when it was demonstrated that the same material, 
after treatment to remove the oils, showed a greatly enhanced 
manurial value. This oil is largely, if not entirely, mineral oi], which 
it is commonly known is much less readily decompesed than animal 
oils, such as fish oil. In this connection a comparison of the fertilizer 
values of oily and oilless fish scrap would be of distinct interest.’ 

CHEMICAL COMPCSITION OF SCRAP. 

Samples of salmon scrap representative of the product of the vari- 
ous manufacturers were received at the laboratory in canvas sample 
sacks. 'These samples were ground to a powder that would pass a 
sieve of 16 apertures per linear inch. Samples of 2 grams each were 
then dried for about 5 hours ina vacuum drying oven at a tempera- 
ture ranging between 75° and 85° C. The loss in weight was re- 
corded as moisture. The same samples were then used for the deter- 
mination of oil, which was extracted in a Knorr apparatus with 
ether. Great difficulty was experienced in removing all the moisture 
without the loss of oil. Nitrogen was determined by Mr. T. C. 
Trescott, of the Bureau of Chemistry, by the official method. For 
the determination of phosphoric acid the official gravimetric method 
was used. In Table VIII are reported the results of analyses of five 
samples of salmon scrap from an equal number of manufactories. 

1 Circular 66, Bureau of Soils, U. 8. Dept. Agr. 

2 Experiments recently made in these laboratories by Skinner and Lindemuth, in which 

the fertilizing value of oily and oilless fish scrap was compared, showed that the latter 

(extracted with ether) give pronouncedly better results than the former. 
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TABLE VIII.—Analyses of fish scrap prepared from salmon cuttings. 

Num- eae 
ber of | Location of factory. Description. Nitro; peas Moisture. le gen. aci samp 

(P205). 
| 

Per cent. | Per cent. | Per cent. 
1 | Klawack, Alaska...._.-- North Pacific Fishing «& 9.39 5.32 5. 36 

Trading Co. Sample 
from trial run with steam 
drier. 

2 Anacortes, Wash..____-- Robinson Fisheries Co. 8. 26 7.91 5.21 
Dry scrap from steam 
drier. 

oles.ss 5 On are es eee Les: Russia Cement Co. Dry 9. 49 9. 26 5. 26 
scrap from hot-air drier. 

4 Seattle, Wash..........- Brandel Chemical Co. Dry 8. 76 7.00 3.91 
scrap from steam drier. 

§ | Astoria, Oreg........__. DeForce Oil Works. Dry 7.63 12. 08 5.11 
iy scrap from hot-air drier. | 

1 More accurately, ether extract. 

} 

Oils.1 

Per cent. 
14.96 

17.36 

8.32 

20. 02 

10. 96 

This consists principally of oils. 

COMPARISON WITH MENHADEN SCRAP. 

For the sake of comparison between the salmon and menhaden 
scrap, the following table of analyses, made by E. G. Parker and 
J. R. Lindemuth, of the Bureau of Soils, is introduced here. This 
has been compiled from analyses made during 1912-13, and has 
been published in a former report.’ 

Taste TX.—Analyses of fish fertilizer prepared from menhaden scrap. 

| 
| 

| Phos- 
Num- Ji ‘ 
per of Location. Description. a phate Moisture.| Oils. 

sample. (P205). 

Per cent. | Per cent. | Per cent. | Per cent. 
1 | Kilmarnock Va...---- From Eubanks Tankard Co. 8. 93 6.17 6.48 5.91 

Dry scrap (from 6 sacks). 
QheMait Naess s:.ssc- oc. | From Taft Fish Co. Dry 8.96 7245 6.18 6. 81 

scrap (sample of 525 tons). 
3 | Irvington, Va......-.- From Carters Creek Fish 7.70 5. 22 11.68 6. 62 

Guano Co. Dry scrap, 
dried in hot-air and steam 
driers (from 1 sack). Fall 

; product. 
4 | Cape Charles, Va....-- From Atlantic Fish & Oil Co. 9. 29 6.12 7. 86 5.38 

Dry scrap, ground (from 3 
sacks). 

A eeSS Ges susdees sees From Dennis Fish & Oil Co. 8. 80 5. 21 aly WeDo 
Dust from grinders, 

6 | Beaufort, N. C.....--- From Beaufort Fish-scrap & 8. 22 5.95 6.13 8.57 
Oil Co. Dry scrap, hy- 
draulic presses. Sample 
from heap. 

7 | Morehead City, N. C..| From R. W, Taylor. Dry 8.49 5.95 9.12 8. 23 
scrap from open heap. 

Selene CORE RSs SHE: FromChas.S.Wallace. Scrap, 7.76 9.65 8.15 7.56 
dry, from hydraulic presses. 

9 | Lenoxville, N. C...--- From C. P. Dey. Ground 7.81 5. 85 7.46 7.89 
scrap, sun-dried, from hy- 
draulic presses. Sample 
from heap. 

LOU Sst OSes eed ay elas From C. P. Dey. Scrap, dry, 8. 29 9. 00 7.00 5.40 
ground, hydraulic presses. 
Sample from heap. 

PASV CE ALC oiicty rsite 3 (6) nN OLRM eS Wea etedl ekg ep 8. 43 6. 69 7.72 6.99 

1 Bul._2, U. 8. Dept. of Agr., 'The Menhaden Fish Fertilizer Industry of the Atlantic 

Coast. 
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34 BULLETIN 150, U. 8. DEPARTMENT OF AGRICULTURE. 

The salmon scrap has a hghter color and more pleasant odor 
than the menhaden scrap. This, again, possibly does not concern 
its fertilizing value, though there is a remote possibility that it 
may affect its demand in the trade. It is said that some agricul- 
turists appraise the value of fertilizer materials by the disagree- 
ableness and strength of their odor. On the contrary, it is a better 
established fact that considerable prejudice exists against fish scrap 
on the part of common carriers and the public in general because 
of its odor. Since nothing is to be lost and something is to be gained 
by reducing the disagreeable odors of fish fertilizer, the point men- 
tioned is favorable to the salmon scrap. The better smell of the 

latter is due most probably in greatest measure to the fact that it 

is dried at moderate temperatures and is not scorched, as inevitably 
must happen in the hot-air driers as now operated on the Atlantic 
coast. It also is true that the menhaden scrap is dried in a stream 
of hot gases generated in a soft-coal fire; the soot from this doubt- 
less contributes likewise to the dark color of the product. 

Another point of difference between the salmon and menhaden 
scrap 1s introduced by the occasional acidulation of the latter. The 
addition of sulphuric acid to the scrap is practiced most generally 
to disinfect the undried but freshly cooked and warm “ pomace,” 
and to render it unfit as a breeding place for flies. This is resorted 
to, as a rule, only when the scrap is being produced at a rate greater 
than that at which it can be dried. The acidulation frequently is 
followed by drying. The addition of sulphuric acid to the scrap 
is supposed to be beneficial in that it “fixes the ammonia” and 
renders soluble the phosphoric acid of the calcium phosphate con- 
stituting the bones. While it induces a disintegration and pulveri- 
zation of the scrap, and enables the producer to sell the bone phos- 
phate present as soluble phosphoric acid, at the same time it acts 
as a diluent of slight, if any, fertilizer value, with no rating on a 

fertilizer basis. 
In the foregoing comparison of scrap from salmon and menhaden, 

respectively, it is not intended to convey the idea that the menhaden 
scrap for fertilizer purposes is inferior to that from the salmon. 
It is believed that the ammonia and phosphate of the one is as 

valuable as that of the other. 

FISH SCRAP AS CATTLE AND POULTRY FEED. 

To discuss fish scrap from any point of view other than that of 
fertilizer, perhaps, is beyond the province of this report. It should 
be pointed out here, however, that with such fertilizer materials as 
dried blood, abattoir tankage of high grade, cottonseed meal, and 
fish scrap, it is better agricultural practice to feed these to stock, 
provided, of course, that all barnyard manures be conserved care-' 
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fully, than to apply them direct to the soil. It can be taken as thor- 
oughly well established that both the nitrogen and the phosphoric 
acid, after performing their role in the life processes of the adult 
animal, are eliminated. Then the high food value of these rich foods 
is utilized, and at the same time the fertilizing elements are still 
available for use on the growing crops. From the point of view of 
cattle and poultry feed, the salmon scrap must be considered supe- 
rior to the menhaden. In the first place, the acidulated scrap is 
totally unfit for feeding purposes. Its use in that manner undoubt- 
edly would result in disaster. And in smaller degree, the greater 
care expended in drying the salmon scrap makes it a more desirable 
article of food. In fact, when the nature of the raw material and 
the sanitary condition under which it is treated, obtaining in certain 
manufactories, are considered, it might almost be regarded as fit for 
man’s consumption. It would be interesting to learn whether the 
oil remaining in the salmon scrap is of a more digestible nature than 
that in the menhaden scrap. No experimental data is at hand in sub- 
stantiation of such belief; but such appears plausible when it is re- 
called that the salmon oil is light and sweet and partakes more nearly 
of the nature of the edible oils, while that from menhaden is dark, 
heavy, and viscous and has a disagreeable odor. 

The subject of the suitability of fish scrap for cattle and poultry 
feed and the experiments performed relating thereto have been dis- 
‘cussed in an earlier publication of this department and therefore 
will not be repeated here. In all of the experiments, records of 
which have come to the attention of the writer, the results have been 
affirmative and of such a nature as to justify the further exploita- 
tion of this food material for that purpose. The reader interested 
in this phase of the subject is referred to Bulletin 2. United States 
Department of Agriculture, The Menhaden Fish Fertilizer Indus- 
try of the Atlantic Coast. 

OIL. 

The literature contains little having to do with salmon oil. The 
amount actually produced, 286,000 gallons, is too small to give it 
any great importance in the industries. It is rated, however, as a 
high-grade fish oil. The price which it brings in the market, 30 
cents a gallon, against 23 cents for menhaden oil, is sufficient evi- 
dence of that fact. There is no reason to doubt that it is destined 
to play an important part as an animal oil when the salmon-scrap 
industry is fully developed and there is enough oil available to 
make its study and exploitation profitable. 

In the absence of more detailed information concerning the physi- 
cal and chemical properties of salmon oil, it must suffice to say that 
it is merely a high-grade fish oil. The crude salmon oil is lighter 
in color than, perhaps, the refined menhaden. Its properties, as now 
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understood, adapt it to the uses to which menhaden oil successfully 
has been applied, conspicuous among which is its utilization as a 
lubricant, and especially in the paint and enamel industries.? 

GLUE. 

Fish glue made from salmon is regarded as low grade and of 
proportionately sight value. In this particular it differs markedly 
from that prepared from cod skins. It is used with success in the 
preparation of sizings and allied materials. 

METHODS PROPOSED FOR THE TREATMENT OF SALMON CANNERY 
WASTE ON A LARGE SCALE. 

In the treatment of salmon cannery waste two methods immedi- 
ately suggest themselves: (1) Treatment in large units, and (2) in 
small units. The former at first glance appears the more desirable, 
as it generally is understood that large-scale manufacturing opera- 
tions are more economical in both labor and equipment than those 
conducted on a small scale. And it is the large-unit plan that now is 
in operation; without exception, all the salmon scrap at present 
produced is the product of the large-unit plants. The foregoing de- 
scription, then, of the present method employed in rendering salmon 
waste applies in a large measure to that of a proposed central ren- 
dering plant. In fact, it may be argued that it is not wise to diverge 
from the methods now in vogue as they are the only ones which 
have been applied with any commercial success whatever. 

THE CENTRAL RENDERING STATION. 

The failures in the operation of centrally located rendering plants 
have been as numerous as and far more conspicuous than the suc- 

cesses. The causes operating to bring about these failures, it appears 
at this distance, were manyfold. Speaking of the failures collec- 
tively and not as individuals, it is evident that over capitalization 
and extravagance in expenditure for equipment, the failure of equip- 
ment to yield its expected performance, errors in the location of the 
plant, and general inexperience all contributed. 

The plan has inherent faults. These are twofold: The high ex- 
pense involved in hauling the raw material to the plant and the lack 
of machinery which would make the rendering process continuous, 
automatic, and economical. A further disadvantage, applying to 
both proposed methods but in greater degree perhaps to that of the 
central plant, is the shortness of the season during which the plant 
would be in operation. In this discussion the adoption of the plan 
is opposed further on the ground of its general failure to meet the 
demands of the problem. 

1 For a brief discussion of menhaden oil see ibid., p. 46 et seq. 
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In considering the first objection it becomes evident that the larger 
_ the rendering plant the larger must be the equipment in tugs and 

scows and the longer the haul. The irregularity with which the can- 
neries operate and the vagaries of the weather introduce elements of 
uncertainty which make it difficult to calculate the probable limits 
within which the waste profitably can be collected. 

COLLECTING THE MATERIAL. 

Loading the waste.—Three methods are available for loading the 
cannery waste: (1) By means of a scow under the dock at each can- 
nery; (2) by means of a storage bin under the dock at each cannery; 
(3) by means of a storage bin on the dock at each cannery. ; 

(1) The first method is objectionable in that the outlay for scows 
would be too great. Two would be required for each cannery, one 
receiving a load while the other was being unloaded. A scow 30 by 
16 feet in dimensions would cost about $300. The investment in 
these would be $600 for each cannery tended. Smaller scows de- 

signed to hold the maximum daily output in waste of the cannery 
could be built, perhaps, for a smaller sum, but their usefulness for 
other purposes would be restricted. 
A contract between a cannery and a central rendering station most 

probably would specify a daily removal of waste. Certainly there 
would be days when the yield in cuttings would be small, far too 
small to fill a scow. Yet under the contract and this system of col- 
lecting it would be necessary to remove the partially loaded scow and 
transport it to the rendering station, or else carry it away for 
emptying. And even if the daily collection were not required, in 
warm weather a frequent collection would be absolutely essential and 
easily might result in the enforced transportation of but partially 
filled scows. 

The greatest advantage to accrue from this method would be that 
the waste could be sluiced directly from the cannery floor or cleaning 
tables into the scow and would be ready for transportation without 
any further handling whatever. On the other hand, an occasional 
cannery would be found to have been built too close to the surface of 
the water to admit of the loading of a scow in this manner. 

In a foregoing paragraph has been described the method of load- 
ing, by a simple system of conveyors, when the cannery floor is too 
low to admit of the scow’s being placed beneath. Where such an 
apparatus has to be installed and operated, the advantages of the 
direct loading into a scow disappear. 

(2) Under ideal conditions the collection of the waste in storage 
bins placed beneath the cannery floor or dock is the most economical. 
The conditions considered ideal are that the cannery floor or dock 
shall be of such a height that the scow to be loaded can be placed 
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beneath the storage bins so that it can be done entirely by gravity. 
That it be loaded thus by gravity is a virtual necessity, as pitching 
the material from the bin into the scow by manual labor would be too 
expensive. But it not often is found to be possible to load the scow 
by gravity at high tides, and therein les the chief objection to 
the method. 

The bin so placed would be loaded by sluicing the cuttings directly 
into it. This would entail no extra labor over that of the present 
practice. The bin should be built with a bottom sloping toward an 
opening through which the waste could be admitted as desired into 
the scow. In the sides of the bin, sections of close-mesh wire netting 
could be inserted, if desired, to permit the excess water to drain 
away; or, since the cutings are heavy and will sink, the water could 
be permitted to run over the top edges of the bin. The latter is un- 
desirable as entailing an extra and unnecessary weight on the bin. 
An additional advantage of any system involving the use of stor- 

age bins is that, under favorable conditions, a large-capacity scow 
can make the circuit of the canneries tended, collecting what material 
has accumulated since the last round, whether that amount be large 
or small. 

(3) Storage bins placed on the dock at each cannery would pos- 
sess the advantage that they could be unloaded by gravity at any 
tide. The chief objection to them would be that they would have to 
be loaded mechanically. The waste would have to be brought from 
beneath the cannery floor, by conveyor, outward and upward, to the 
bins, involving the expense for installation and operation of the 
conveyors. As this is the method which, under the conditions usually 
obtaining, is the only one under absolute mechanical control and 
therefore the only reliable one, it perhaps is the most desirable 
method of the three. On the other hand, there is no reason why the 
method to be employed at each cannery can not be determined by the 
conditions peculiar to that cannery. No hard and fast rule need be 
applied. 
Tugs.—The number of tugs required to collect the raw material 

from the various canneries would be determined by conditions such 
as the number of canneries tended, their output in waste, the system 
of collecting, the capacity of the scows employed, and especially 
the position of the canneries with respect to each other and the 
rendering station. In elaboration of the last-named condition it 
should be pointed out further that if the canneries were situated in 
such a way that the direct course from the farthest one to the sta- 
tion lay past the others, one tug and scow or scows of sufficient 
capacity could collect the load from a number of canneries on one 
trip. 



RENDERING APPARATUS. 

_The equipment and operation of the large-scale rendering stations 
now in successful operation have been described compositely in 
foregoing paragraphs. A strictly conservative procedure would be 
to adhere to demonstrated methods. However, since these methods 
once were in universal use on the Atlantic coast and now have been 
discarded almost universally to make way for new methods, a dis- 
cussion of new methods, and even a recommendation of their cautious 

adoption may be justified. 
The only process which has been applied with any success to the 

rendering of this class of material on the Pacific coast, it has been 
shown, is discontinuous. The apparatus required by this process 
may be installed and operated in small units, necessitating a multi- 
plication of the labor involved, or in large units, involving more 
labor than the small units, of course, but not proportionately. Since 
the material to be treated is secured in irregular and uncertain 
amounts, a number of small units would afford more of the required 
elasticity than an equivalent number of large units, but the cost of 
labor required to operate such a number of small units soon would 
become prohibitive. So, by nature, this apparatus offers serious 
objections to its adoption in the large-capacity plants. 

The continuous and automatic machines for cooking, pressing, and 
drying in use in the fish-rendering industry of the Atlantic coast 
should lend themselves readily to adaptation to that industry on the 
Pacific coast. These make possible the cooking, pressing, drying, 
and intermediate handling of the fish entirely by machinery, with a 
high efficiency and minimum expenditure of labor. The unloading 
is done by elevators, which deposit the fish in storage bins, from 
which they are fed into continuous steam cookers, long tubular cham- 
bers through which the fish are moved by a rotating screw, being 
played upon by jets of steam. Thence they are transported by con- 
veyors, into which they are fed, to the power presses. These are steel- 
slatted cones, through which the cooked fish are forced by a rotating 
screw. As they move toward, and before they can pass out of, the 
small end of the cone, they are squeezed into a very small compass. 
This pressure rids them of the greater portion of their water and 
oil. From the press they are conveyed, again entirely automatically, 
into a direct-heat, rotary, hot-air drier. 

A plant designed for the treatment of 100 tons of cannery waste 
per day and equipped with the automatic machinery complete would 
cost about $35,000. This estimate is based on the following items. 

1The itemized statement of the cost of equipment and plant is made possible through 

the courtesy of Mr. Philip Renneburg and Mr. P. Burgess, of Baltimore, Md. 
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Two 66 inches by 16 feet, 100-pound pressure, return tubular brick set 

boilers, 100 horsepower each, complete with independent stacks of No. 

10 metal, with castings and fittings arranged for full flush front set- 

[Ih 0 02 fee Bence fer ees OR eee SE Se, ee cae AB IP oe OR RLS Thee OE SS $1, 650: 

One 20-horsepower vertical engine, complete with all fittings (for ele- 

WAGOT)) Se ea ns es ee ee a ee ee 230 

One 9 by 12, 20-horsepower, horizontal center-crank engine, complete 

with all fittings (for raw box transmission) _______________________- 275 

One 10 by 12, 25-horsepower, horizontal center-crank engine, complete 

with all fittings (for cooker and near-by transmission) ~__-_--_______ 315 

One 11 by 18, 35-horsepower, horizontal center-crank engine, complete 

with all fittings "(to operate-press,) <2 22.2 2) ee eee 355 

One 10 by 12, 25-horsepower, horizontal center-crank engine, complete 

with all fittings (for drier and surrounding transmission) —~___________ 315 

One 150-light, 16-candlepower, vertical, electric-light engine, cased in, 

directly connected automatic lubricator and generator, with switch- 

HOY OF! i feed te Reale es ONE Le Be Ree nee ese gs ieeed oo ew eee eee Fog VS 725 

One marine leg fish elevator, with measuring machine and all necessary 

transmission complete for elevating fish from scow to factory_______- 1, 650 

Complete raw box transmission, consisting of all chains, attachments, 

buckets, sprockets, gears, shafts, and clutches, complete______________ 1, 500 

One 17 inches diameter by 40 feet long, spiral worm steam cooker, com- 

plete; with; driving sprockets.222i2_-5-4. 23222 a eo eS 1, 200 

One 12-foot, all-steel, continuous screw press___-__---______----_-__--_ 3, 500 

One 5 feet 6 inches diameter by 40 feet long, two-bearing drier, with 

hopper, castings, blower fan, blower piping, and Jones underfeed stoker_ 2, 500 

Balance of and completing factory transmission, including pipe work 

in connection with boilers, engines, and pumps_-___---__----_-_--___- 2, 500 

One 1,200-barrel steel-plate, oil-storage tank _-_______-________________ 1, 000 

Incidentals, such as boiler feed pump, oil pump for transmitting oil to 

tanks, general wash-down pump, fish and coal measuring tubs, per- 

forated piping system in connection with oil tanks, ete_____-________ 1, 500 

otal 8 atts be eat bo ae el denne hes eis ae ee 19, 215 

In addition to this, there will be an outlay for buildings, brick- 
work for the drier, and all foundations for buildings, boilers, en- 
gines, machines, and tanks. This cost is difficult to estimate, as it 
will be determined largely by local conditions and the factory site, 
but probably will approximate that for the equipment, bringing 
the total for plant and equipment to the figure mentioned above. 
In addition to this cost again would be added the items expended 
for tugs and scows. 

Superficially there seems to be no reason whatever why the auto- 
matic and continuous cooker in its present form should not be 
entirely applicable to salmon cuttings. The rate at which the ma- 
terial is passed through, and therefore the length of time during 
which it is being subjected to the cooking action of the steam, are 
regulated with ease. Thus the degree of cooking is under complete 
control. It has been demonstrated that cooking under pressure is 
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not essential. However, even with the continuous cooker a certain 
degree of pressure can te maintained, a desired, by the correct modi- 
fication of the cooker. 

The press in use in the menhaden factories has been designed for 
expressing the cooked menhaden. As that material is markedly 
different from salmon waste, there is no reason to suppose that the 
press efficacious with the former will be so with the latter. How- 
ever, there is every reason to believe that the press so useful with 
the one can be modified so that it can meet the demands of the other. 
This is not a necessary conclusion, since the limits of usefulness of 
this form of press may lie between the requirements of menhaden 
on the one hand and of salmon cuttings on the other. As indicated 
above, this is not believed to be the case. In this connection it should 
be emphasized that, in view of the fact that the screw press has 
never received a thorough demonstration in the salmon-scrap in- 
dustry, before other plants are equipped with it it should be made 
to conform to the demands of that industry. This can be done only 
by thorough experimentation by those familiar with the press and 
the nature of the material to be pressed. 
The rotary, direct-heat drier probably should be the most economical 

type at present available. Its present methods of operation can not 
be so considered. In cease tuctions it is a sheet-iron cylinder, about 
40 feet in length and 5 feet 6 inches in diameter. It is mounted, at a 
slight angle out of the horizontal, on roller bearings which support its 
weight and on which it revolves. The material to be dried is fed into 
the upper end and falls out at the lower. Aiso into the higher end is 
blown a stream of hot gases, generated by forcing air from a blower 
through the firebox of a eumnace: The wet scrap falls directly into 
this stream of hot gases and by it is assisted through the drier. It 
also is lifted and let fall repeatedly by the rotation of the cylinder. 

Such a drier yields about 45 tons of dry scrap per day. In prac- 
tice the moisture content of the material (fish-pomace) is reduced 
from 55 or 60 per cent to 7 per cent, at a closely estimated cost of 
50 cents per dry ton. This cost is based on the following items: To 
heat the drier, , approximately 34 tons of soft coal is “equa while an 

additional 14 tons is consumed in supplying the power for the rota- 
tion of the drier and the operation of the conveyors. One skilled 
laborer is required to operate the drier and two unskilled laborers 
to tend the drier furnace and the boilers. 

For the most efficient utilization cf a stream of drying gases, 
theory demands that it shall flow from the opposite direction over 
and through the stream of material being dried. Thus the hottest and 
driest gases are brought into contact with the hottest and driest part 
of the material being dried, and the coolest and wettest gases with the 
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coolest and wettest material. In this way the maximum moisture- 

absorbing capacity of the gases is made use of and their heat entirely 
is utilized. To make such a procedure possible, a lower initial tem- 
perature of the gases would be necessary to prevent the ignition of the 
hot, dry material; and it is probable that a longer drier and a more 

prolonged intermixture of the material and the driying agent would 
be necessary. A point might be reached where the energy necessary 
to rotate the drier for the increased length of time would cost more 
than the heat units conserved would justify. This is a matter which 
could be determined by experimentation. 

In a drier of the above type use is made both of the heat units and 
of the drying action of a current of gas. The matter is entirely dif- 
ferent from the evaporation.of water in a closed vessel, where the 
evaporation of each unit weight or volume of water is accompanied 
by the absorption of a definite amount of heat. To be sure, all 
evaporation 1s so accompanied. But it is remembered that water is 
evaporated by a current of air without the application of artificial 
heat. And, too, the hotter and drier the stream of air the more rapid 
the evaporation. In the hot-air drier this combined action is made 
of use. 

The fish-fertilizer industry as developed on the Atlantic coast has 
found the above-described continuous and automatic apparatus the 
most satisfactory for meeting the demands of that industry. On the 
basis ef that verdict one is inclined to believe that this machinery 
most advantageously could be apphed to the large-scale rendering of 

salmon-cannery waste, provided the proper modifications were intro- 

duced to make it entirely adapted to that sort of material. We do 
not regard the past failures of this machinery as significant of any 
fundamental unfitness, but rather of a lack of attention given the re- 
quirements of the new material to which it is applied. In the present 
stage of knowledge of the subject it appears that the continuous- 
process machinery conforms most nearly to the ideal equipment. 

Rendering apparatus of various other forms are to be had. Many 
of these forms have been applied with success to the rendering of 

garbage and tankage. Some are designed with a view especially to 
the suppression of all disagreeable cdors, others to the recovery of a 
larger percentage of the oils present. The latter usually involve the 
use of petrol or gasoline as the extracting agent, which effects a 
more complete recovery of the oils. This may obviate the necessity 
both of a press and a drier, the cooking, drying, and extracting being 
accomplished in one container, the retort. Theoretically, such proc- 
esses for the recovery of oil are most nearly ideal. Whether they 
can be applied successfully to the rendering of fish, viewed from the 
commercial standpoint, remains to be demonstrated in this country. 
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OBJECTIONS TO THE CENTRAL RENDERING STATION. 

SHORTNESS OF SEASON. 

A serious difficulty in the way ef making a commercial success of 
the central rendering station is the shortness of the season during 
which the plant would be in operation. This would be even shorter 
than that during which the canneries would be in operation, as both 
preceding and following the actual canning of fish there is a period 
when allied work is pursued. Furthermore, the rendering plant 
would have to be in readiness to handle whatever material the man- 
agement had contracted for (certainly to be the entire output of 
waste of the cannery contracted with) whether it became available 
in large or small amounts. The result would be that for about nine 
months of the year the plant would be closed up; and for a consid- 
erable portion of the remaining three, while being held in readiness 
to operate, it still would be idle. This objection is entirely valid 
from the point of view of output, but not necessarily so from that 
of profit or investment. Money is invested in such enterprises, not 
because of their output in product, but because of the profits accruing. 
If the profits of the short season’s operations represent an adequate 
interest on the investment, then the expenditures for plant are justi- 
fied and objections on the score of shortness of operating season are 
eliminated. Aside from the inconvenience of reorganizing annually 
the corps of employees, the period of inactivity may be considered a 
benefit, as affording the management opportunity for other pursuit. 

The inactivity of the plant during the operating season is a more 

serious obstacle to the success of the undertaking. There would be 
pericds when no material was being delivered to the plant when it 
and its corps of laborers would be held in readiness for immediate 
operation. This would involve an expenditure of money for wages 
and of fuel for maintaining heat in the boilers from which there 
would be no returns. 
A part of the equipment of such a rendering plant, the tugs and 

scows, it should be possible to keep employed profitably during the 
winter months. Whether this could be done would depend somewhat 
on the location of the plant and to a larger extent on the design of 
the tugs and scows. 

In this connection it should be pointed out that the equipment pro- 
vided for the treatment of cannery waste could be applied during 
several months of the year, when fish refuse is not available, to the 
treatment of kelp for the preparation of fertilizer. This topic is 
considered more fully in a subsequent chapter. 
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GENERAL FAILURE OF THE CENTRAL RENDERING STATION TO MEET THE DEMANDS OF 

THE PROBLEM. 

Our problem being to devise a scheme whereby the valuable mate- 
rials produced as waste in the canning of salmon in particular and 
the dressing of fish in general may be saved, any plan which pro- 
vides for the conservation of only a porticn of this must be rejected 
as inadequate. Therein les a vital cbjecticn to the central rendering 
station idea—that at best 1t can render the waste only from those 
fish-cleaning establishments which happen to be grouped together in 

close enough proximity to make the collection of the waste econom- 
ically possible. In the Columbia River region this plan as now ac- 
tually applied results in the utilization of 800 tons from a total of 
4,000 tons. In the Puget Sound region four of these stations con- 
serve a total of 15,500 tons, out of a tetal of 38,750 tons. The scheme 

as suggested for ideal conditions, as weli as when actually applied, 1t 
is reiterated, falls far short of meeting the demands of the problem. 

THE SMALL BY-PRODUCTS PLANT OPERATED AS AN INTEGRAL 
PART OF THE CANNERY. 

As the only alternative to the central rendering station, the sug- 
gestion is offered of a by-products plant operated as an intimate part 
of the cannery. This would be a small-unit plant of low capacity, 
just sufficient to treat the output in waste of the cannery of which it 
forms a part. 

EQUIPMENT. 

For equipment the old-fashioned, unimproved retort cooker and 
hydraulic press are recommended, not because they are regarded as 
ideal, but because they constitute the only apparatus which the 
writer has seen in successful operation on a small scale. It has been 
demonstrated, and is being demonstrated daily, that this form of 
apparatus will render salmon cuttings, affording a good grade of 
scrap and a fair yield of oil. The demonstration has not been con- 
fined to large-scale operations, but has been attempted on a small 
scale as a strictly by-products plant, with satisfactory preliminary 
results. 

The equipment, as has been pointed out in a foregoing paragraph, 
consists essentially of retort cookers, a hydraulic press, and a drier 
of suitable form, heated by steam or hot air, as the experience and 
wisdom of the designer indicate. From a “one-line” cannery, or 
one with a maximum capacity of 900 cases per day of 12 hours, 
would be obtained a maximum of 18 tons of waste. This figure is 
based on the estimate of 40 pounds waste per case. The by-products 
plant possibly should have sufficient capacity to render this volume 
of waste in a run of six hours; that is, a capacity of 6,000 pounds 



UTILIZATION OF THE FISH WASTE OF THE PACIFIC OCEAN. 45 

per hour. Such a high capacity is suggested in order that it may 
be insured that the steam required for cooking can be supplied by 
the cannery boilers. It is believed that the requisite steam surely 
can be withdrawn from these for a period of 6 hours out of the 24. 
This appears especially probable in view of the fact that the cannery 
is shut down almost invariably during some period of the day, and 
that while still running a varying demand is made on the steam 
capacity of the boilers. As has been observed in a foregoing para- 
graph, the dressing force may be at work and the machinery which 
they tend may be in operation when the steam boxes and cooking 
retorts, requiring a large amount of steam, are idle. Hf it can be 
shown that sufficient steam is available to operate the cooker for a 
longer period than the 6 hours suggested, the capacity of the render- 
ing apparatus, and perhaps its cost, can be reduced proportionately. 

In addition to the three above-mentioned pieces of apparatus, 

there would be required conveyors, a storage bin to receive the day’s 
supply of raw materials, vats in which to recover the oils and stor- 
age capacity for the oils produced, and a house sufficiently large to 

inclose the apparatus and provide room for bagging and storing 
the output of dry scrap. 

Unless the conditions are such that the waste can be sluiced 
directly, by gravity, into the storage bin, a conveyor must be pro- 
vided to carry this from beneath the floor of the fish-cleaning house. 
The structure of this will depend on the angle at which it is required 
to work. Thus, if the conditions are such that a horizontal con- 

veyor can be operated, all that is needed is a water-tight trough 
through which pass blocks or boards of wood, suitably attached to 
and actuated by the movement of a chain belt, to direct the flow 
of the waste and the water in which it is immersed. The cuttings 
from the “iron chink” may be made te fall into a hopper placed 
beneath, which deposits the waste upon the conveyor; likewise that 
from the other cleaning operations may be directed, in any suitable 

manner, upon the conveyor. From the storage bin the material is 
to be lifted by elevator and fed into the retorts. Therefore the bin 
should be constructed with a sloping bottom so that the last of the 
material contained therein will feed afitomatically into the con- 
veyor. Strainers of woven wire should be inserted in the sides of 
the bin to permit the excess water to drain away. ‘To accommodate 
the day’s output in waste the bin must have a capacity of about 
20 tons. 

Two retorts of the upright, cylindrical form should be provided 
of about 5 tons capacity each, two offering the advantage over one 
of greater elasticity of operation. The daily output in waste of a 
one-line cannery, amounting to about 18 tons, could be rendered by 
the two retorts of the capacity suggested in two cookings each. 
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Whether the retorts should be of open type or closed to make possible 

cooking under pressure is debatable, as equally satisfactory resuits 
apparently are had from both types. 

Beneath the retorts a “slush box,” or bin, should be constructed, 

of sufficient capacity to hold the cocked fish from at least one retort, 
and provided with steam coils to keep its contents hot. As the ma- 
terial is to be drawn off from this conto frames for the press, it 
should be provided with suitable gate valves for that purpose and 
should be built at such a height that the material could be run onto 
the frames directly by gravity. 

. For pressing, at present the method previously described, involving 

the use of “hop cloth” envelopes for the material to be pressed and 
hydraulic power (“rack and cloth” press), must be recommended. 
This is slow and laborious, but effects an efficient separation; and 
at present it has the distinct advantage over all other methods of 
pressing salmon of having been demonstrated as entirely feasible. 

In actual practice at least two men are required to operate the 
press. This number probably could not be reduced, as the placing of 
the frames and especially of the “ hop-cloth ” squares scarcely could 
be done by one man, as is true also of the removal of these after the 
pressing has been finished. An additicnal cbjection to this method 
of pressing is the difficulty of cleaning the frames and cloths. Dur- 
ing the pressing they become covered with the finely divided cooked. 
fish. This spoils readily unless removed. To clean them by hand, 
as now practiced, is a tedious method which certainly could be 
improved. 

Adhering, again, to demonstrated forms of apparatus, the steam 

drier must be suggested (Pl. VI, fig. 1). A form employed with 
success in one small cannery by-products plant has the shape of a 
drum, 6 feet in diameter and 24 feet deep. It is steam jacketed and 
therefore must be insulated. For heating it, steam under 20 pounds 

pressure is requisite. Paddles for stirring are attached to a ver- 
tical shaft which is actuated through suitable gearings by a small 
steam engine. A rotary fan serves to remove the moisture-charged 

air. An opening in the top is designed for filling, with another near 
the bottom for emptying. The latter operation is accomplished auto- 

matically when the paddles are revolved with the lower door open. 
The drier of the above dimensions receives a charge of 1,500 pounds 
of wet material. With this apparatus a small steam engine would 
be required. One of 15-horsepower capacity has been found sufficient 
to operate the drier and the conveyors of the plant. 

As this drier has a rated capacity of only 1,500 pounds of wet mate- 
rial, and as it requires two hours in which to effect the drying, which 
is equivalent to 750 pounds per hour, its usefulness is limited to a 
plant of small capacity. To provide drying capacity for the maxi- 
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mum possible daily output of raw materials from a “ one-line” caa- 
-nery, amounting to 27,000 pounds, at least four of those would be re- 
quired, a number which scarcely could be operated economically. 
This estimate is based on the supposition that the driers will be op- 
erated only six hours per day. 

There are other forms of steam driers of more or less desirable 
design which could-be adapted to the small-scale drying of scrap. 
However, no steam drier should be considered which does not pro- 
vide for evaporation under vacuum or for the removal, at frequent 
intervals or continuously, of the moisture-saturated air. The efli- 
ciency of any other form necessarily must be low. 
We believe that there are other possible forms of apparatus which 

could be operated more economically, and others again which would 
yield a higher efficiency, but these lack demonstration in actual prac- 
‘tice and for the sake of conservativeness and fairness to all concerned 
are not recommended here. We have in mind, in this connection, 
continuous mechanical cookers and screw presses, of small capacities, 
eapable of rendering in about 6 hours the waste resulting from a 12- 
hour run of the cannery. For a “one-line” cannery, packing 900 
cases per day of 12 hours, it has been seen this would be i8 tons for 
the day, or 6,000 pounds per hour (900 cases, 40 pounds per case, 
rendered in 6 hours). To operate with these, a suitable drier, prefer- 
ably continuous and automatic, must be installed. For this purpose 
a hot-air drier is recommended, one designed to utilize the waste heat 
from the boiler fires, or, more simply, a rotary, direct-heat, cylindri- 
cal drier, heated with petroleum burners. This, in order to keep pace 
with the cooker and press, would be required to have the capacity of 
about 1,800 pounds wet or 900 pounds dry scrap per hour. ‘The lat- 
ter figure is cbtained by taking 15 per cent of the weight of the crig- 
imal raw cuttings as its equivalent in dry scrap. In the press the 
moisture of this would be reduced to about 50 per cent. Requisite 
mechanical conveyors for trafisporting the raw materials from the 
storage bin to the cooker and from one machine to another would 
make the entire operation automatic and would reduce the labor 
required to a minimum. 

Another form of apparatus for small-unit rendering plants is the 
one-operation apparatus, referred to in a foregoing paragraph, which 
prescribes the cooking of the material to be rendered in a closed 
retort, under pressure of steam and with revolving knives or macera- 
tors, the withdrawal of the water and oil which rises to the surface, 
and the evaporation to dryness, under vacuum, of the solids remain- 
ing. Heat. fcr both cooking and desiccation is supplied by steam. 
As the entire operation is performed in a closed vessel and as ail gases 
and liquids are conducted out of the building in pipes, the process is 
inodorous. While it is automatic it is discontinuous. Low initial 

oe 
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expenditure for equipment and economy in operation are claimed for 
the process by its exploiters. From a priori considerations there 
appears no reason why the process should not fulfill its promised 
performance, though it does appear a little doubtful whether the oils 
can be liberated sufficiently by maceration and washing without 
bringing the material to such a fine state of subdivision that a great 
deal would be lost in the water drawn off with the oil, or too long 
a time would be required to permit the solids to separate by settling. 
At present, this apparatus has received no trial in the actual commer- 
cial rendering of salmon cuttings, and a positive opinion concerning 
it is not justified. , 
A comparison of the reports of analyses of salmon and menhaden 

scrap, respectively, as reported in this paper on page 33, will show 
that the amount of oil remaining in the salmon scrap is much 
higher than that in the menhaden. While this may be due to the 
difference in the respective methods of drying the two (an explana- 
tion further suggested by the lower oil content cf the two samples of 
salmon scrap dried in hot-air driers and involving the supposition 
that oils are volatilized in drying), it also may be due to the fact 
that the oils are not so easily recovered from salmon as from men- 
haden. This censtitutes an additional reason why some method, if 
feasible, should be adopted whereby a more complete recovery of the 
oil is possible. The limits of the press easily are reached. 

With the abandcnment of the press, the adeption of a system in- 
volving the use of an extractive recommends itself. The extraction 
of the oils with gasoline theoretically should be quantitative, and the 
exploiters of processes based on the use of this extractive ‘claim a 
very high efficiency. The method consists of cocking the material to 
be rendered in closed retorts with steam. At the end of the cooking 
the water in the material is evaporated under vacuum. When the 
evaporation is complete, the dry residue is washed thoroughly with 
gascline, which removes all but about 1 per cent (more accurately, 
1 per cent of the weight of the dry scrap, according to the claims 
made for the process) of the oils present. The gasoline extract is 
drawn off from the scrap and distilled. The oil remains as a resid- 
uum, and the evaporated gasoline is condensed and recovered. It 
is reported that there is but a slight loss in gasoline. An additional 
advantage of the method is that all of the nitrogenous constituents 
of the fish are saved, while in the other methods there is an indefinite 
loss due to the solubility of certain of these in the water drawn off of 
or expressed from the cooked fish and thrown away. A further 
modification of the system, known as the Cobbwell system, is based on 
cooking in oil the material to be rendered, the oil being obtained 
from previous extractions. After cooking, the excess of oil may 
be drawn off, when the remainder is extracted with gasoline. 
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The output in scrap of the by-products department of the average 

cannery, one putting up 50,000 cases, would be not more than 115 
tons for the season, or, on the basis of 900 cases for the maximum 

daily pack, not more than 5,000 pounds per day. For bagging this 
small amount of scrap no special apparatus need be installed, though 
bagging would be facilitated if the scrap were elevated to and de- 
livered into a storage bin from the bottom of which it could be drawn 
off into sacks by the bagger as desired. As a sack is made to hold 
100 pounds, 50 bags would be required for the maximum daily out- 
put. Adequate floor space must be available for spreading the scrap 
for cooling when first removed from the drier. Vats for receiving 
and fer the subsequent treatment of the oil and water removed by 
pressing must be provided. These should be on a level below that 
of the press so that the oil and water can be delivered into them by 
gravity; or if this arrangement is not convenient, a pump should be 
provided for raising the liquids to the vats. In either case, some sort 
of vat must be constructed beneath the presses as a temporary re- 

ceptacle for these. 
To separate the water and oil, the mixture should be allowed to 

stand in a vat, being kept hot by steam coils. The oil rising to the sur- 
face should be permitted to flow over a weir into a second vat, while 
the water is drawn off through a lower opening. If found desirable, 
an arrangement may be provided for drawing off likewise the finely 
divided solids which settle to the bottom of the vat. For effecting a 
simple purification of the oil, the second vat should be equipped with 
steam pipes with perforations so that steam may be bubbled into 
the oil. Then it may be drawn off into a tank for storage, or directly 
into barrels for shipment. The total output in oil from the sug- 
gested plant would not be more than 20,000 gallons, assuming a yield 
of 25 gallons per ton of raw material rendered; or, 450 gallons as the 
maximum daily output. 

COST. 

APPARATUS. 

While the cost of a plant will be determined, of course, by a 
number of interdependent circumstances, the following estimates 
will serve to convey some idea of the outlay required to equip a by- 
products plant for a one-line cannery. Vats of sheet iron of about 
5 tons capacity are obtainable for $350 each. » A press may be ob- 
tained for as little as $300, or $800 may be paid for it, depending 
on the nature of the press. Driers of the type mentioned cost not 
more than $600. For a capacity of 4,500 pounds per six hours, six 
of these would be required. For the purchase of conveyors and 
other sorts of equipment, such as pipes, etc., and their installation, 
it is estimated that $1,000 would be adequate. A building 20 feet 
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by 50 feet doubtless would be large enough, which could be erected, 
perhaps, for about $2,000. In the following table the probable costs 
are itemized : 

Costs of apparatus. 

RetOris, 28 $3002.22 eer See ee ere $700 

TOSS 5 > Se eee ee eS oe 2 ee ee 550 

Driers 2 sabe bbQ0 = 9.2 ss 22 oo Saale Se et ee Eee ee 1, 200 

BINS THES MLOV OPEL tr CLL Ce a ee ee ee eee eee ee ee 350 

TR CIGG TM CAS a2 oa. 2. ote eee Se ee a ee 1, 000 

IQ USO e522 st nk a Wh SS 2 Se oo ee 2, 000 

ERO elie eee ee ee ood Se SSE Ee Ss OOO) 

GPERATING EXPENSES. 

As the hypothetical plant is to be run at night, or at times when 

the cannery boilers are not carrying their maximum load, it is prob- 
able that an extra engineer and fireman would have to be employed. 
In addition to these, three other laborers should suffice. At $100 per 
month for this engineer and $75 each for the fireman and the three 
laborers, the outlay for labor for the two months would be $800. 

To sack 115 tons dry scrap, putting 100 pounds in a sack, 2.300 
sacks would be required. These, at 10 cents each (a price which in- 
cludes the cost of the necessary string also), would amount to $230. 

From 750 tons of raw material, the amount rendered per season, 

about 19,000 gallons of oil would be produced. To contain this vol- 
ume 380 barrels, of 50 gallons capacity, would be necessary. These 
are purchasable at $1.85 each, necessitating a maximum outlay of 
about $700 for barrels. 

To render garbage, it is stated, 25 pounds of bituminous coal is re- 
quired per ton of garbage rendered. On this basis, to render 750 
tons of cannery waste, 9.5 tons of coal would be required. This 
would cost, on the Alaska coast, $76 (9.5 tons at $8 per ton). An 
additional cutlay for cecal, for estimating which reliable data are 
lacking, would be occasioned by the operation of conveyors and 
driers. 
An additional estimate, of doubtful value, of the amount of coal 

necessary to dry the cooked scrap can be secured by considering the 
actual amount of water to be evaporated in drying this and the quan- 
tity of heat necessary to evaporate a given quantity of water. The 
wet material coming from the presses consists of about 50 per cent 
of water and 50 per cent of solids. To prepare 120 tons of dry 
scrap, an equal weight of water must be evaporated. To evaporate 

this in a closed vessel would require 12 tons of coal, on the basis of 
1 part of coal to 10 of water. This would cost $96. 

A further item which must be considered in Alaska is freight 
charges on products. 
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The running expenses, then, may be put as follows: 

Interest on investment, $6,000, at 10 per cent_____________ $600 

Depreciakionwatey lO wper, Cems. sp Cabs ae yes caer 600 

Wages, 1 man at $100, 4 at $75 per month, 2 months________ 800 

SECC aoa eo Sues eAud esl |e TSU SS to Uta AT NOS agente US RR ee 230 

PEGA IFe Search Us eels ts tepll te Sc eee ee ner RN UE eet cater Peens vada Se 700 

Goalestorarenderine WO TONS at pew | ae ee ae ee SO 

ComMenoredinyin sss Ons) ate sea ewe eee Sa ea 96 

Freight (from Alaska) on 120 tons scrap at $4____________ 486 

_Freight (from Alaska) on 380 barrels oil, 75 tons, at $4____ 300 

Day ita Uae Se ig By Es PN) ae SG cS RAN 2s SY, 3, S86 

The proceeds may be estimated as follows: 

SIGIR, | TUT ay (OTM ET ese MO) a a Sa $4, 609 

Oils QOO0 callons at S0<centS cu ses Uae Sa a 5, 100 

ACO GOTO COG Sweetin eae RI oes UE SED nee ale devat os 10, 300 

NOSE Es (SDc] BYES OMSL S ie ee dD eda a ce eae ee 3, 886 

) BB VIG WOW cys co uta aera ete bees eet io cml me Glare. 

According to the above estimate $6,414 are put down as profit. 
More strictly this should be regarded as the working margin of in- 
come over expenses. As the conditions imposed are more severe than 
those probably to be encountered, it is believed that this estimate is 
conservative. This belief is strengthened by the fact that the esti- 
mates on the same general basis, prepared by an experienced manu- 
facturer of fish scrap from this class-of material, is 50 per cent lower 
than the above as concerns the running expenses and 20 per cent 
lower with respect to equipment. Thus, a larger capacity is pre- 
scribed than probably would be necessary, and a much shorter 
working day than would be required in actual practice. 

In operating the supposed by-preducts plant, the labor problem 
is regarded by those packers who operate in Alaska as a serious 
matter. This may be the case in western Alaska, where it may be 
necessary to employ the force for the by-products plant before leay- 
ing the States and to carry them on the pay roll until they return in 
the fall; but in the other parts of Alaska it is difficult to see how 
the problem of securing three or four additional laborers could be 
serious. While it is probable that in the busiest part of the season 
every member of the cannery force is employed, at cther times there 
should be a sufficient number of men temporarily idle to do all the 
work required in the by-products plant. An additional force, if 
necessary, could be secured for the rush season. 

ADVANTAGES OF THE BY-PRODUCTS PLANT. 

FINANCIAL. 

There are three decided advantages possessed by this system of 
disposing of cannery waste. The first and most striking is that of 
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the elimination of all costs of collecting. With these disappear like- 
wise the worry incident to the numerous elements of uncertainty 
involved in collecting. Thus at once are eliminated tugs and scows 
and their crews. The expense of collecting is but a trifle more than 
that of disposal by dumping through the cannery floor, and is de- 
cidedly cheaper than the method resorted to by some canneries. 

As the producer and consumer of the raw materials are one and 
the same, the conflict between the interests of the two disappears. 
Contracts working a hardship upon the one or the other are an ob- 
jectionable feature of the central rendering station plan as actually 
practiced. 

With a strictly by-products plant, overhead charges disappear. 
The cannery already has its clerical force and its sales and purchas- 
ing departments, which, without any increase in their force, are quite 
able to handle the slight additional labor incident to the by-products 
plant. Likewise it has the assistance of experienced foremen and 
mechanicians regularly attached to the cannery force, and the use of 
the supplementary equipment, such as machine shops, of the can- 
nery. Likewise, the docks, and frequently the unused flocr space of 
the cannery, can serve to cut down the initial expenditures. 

OTHER ADVANTAGES. 

The advantages other than monetary to accrue from the preserva- 
tion of the cannery waste perhaps equal the financial advantages. 
The main item gained, of course, is the greatly enhanced sanitary 
condition of the cannery and its environs. To discuss here the moral 
effect of the most economical utilization of the fish now given to 
the packers “ for the taking ” on the residents of the State with which 
the packers come into important contact, perhaps, is too far afield 
for the purposes of this bulletin. The suggestion of such an advan- 
tage is made for what it is worth. 

THE PRODUCTION OF A MIXED FERTILIZER FROM FISH SCRAP 
AND KELP. 

KELPS. 

Since the shortness of the season during which the proposed cen- 
tral rendering station would be in operation has been suggested as 
a great obstacle in the way of the commercial success of that project, 
it becomes highly desirable to find some other use to which the 
equipment of the plant could be applied during seasons when no 
cannery waste would be available for rendering. All along the 
Pacific coast from Mexico to Bering Sea there is a vast quantity 
of fertilizer materials, the giant kelps, whose-values are recoverable 

by a process similar in part to that prescribed for the conversion of 
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cannery waste into fertilizer, and adequate supplies of these are 
found near certain of the centers of the salmon-canning industry. 
It originally was supposed that the rendering of the cannery waste 
could be made to serve as an auxiliary operation to the treatment of 
kelp. After investigation it appears more probable that it would 
be found necessary to make the curing of kelp supplementary to the 
rendering of fish waste, since the apparatus required for the latter 
is much more elaborate than that for the former. ; 

The term “ kelp,” formerly applied to the ashes of seaweeds, now 
has come te mean any of the brown marine alge. In general use its 
meaning has become restricted to the large and conspicuous sea alge 
of the Pacific coast. The so-called giant kelps of the Pacific coast 
may be defined as four species of the marine algee, whose botanical 
names are Pelagophycus porra, Alaria fistulosa, Nereocystis luet- 
keana, and. Macrocystis pyrifera, named in the reverse order of their 
present economic importance. Only two of these, the latter two, at 
present should be considered in a fertilizer connection, as of the 
former two, the Pelagophycus porra occurs in too small quantities 
to be important, though it carries a very high proportion of valu- 
able fertilizer ingredients, and the Alaria fistulosa is too low in 
potassium to merit treatment where the other kelps are available in 
sufficient quantities. 

The Nereocystis is an annual whose seasonal growth attains an 
average of 50 feet. The rapid growth necessary to reach such a size 
in a growing season denotes an abundant supply of the elements or 
compounds which enter into the plants’ metabolism, and this, in turn, 
indicates a large and constantly changing volume of the medium in 
which it grows. Thus it is found in localities of heavy surf or strong 
tideways. To maintain itself in position under these conditions it 
must attach itself firmly to the bottom. Therefore a rocky bottom is 
essential to the establishment of groves of the plants. To attach 
itself, the plant develops a “holdfast,’ a rootlke growth which 
tends to grow around and grasp the objects with which it comes in 
contact, thus anchoring the plant. Extending upward from the 
holdfast is the stipe, a long, slender stem, ¢ordlike and tough, which 
reaches almost to the surface of the water. Toward. its upper end 
it gradually enlarges, becoming -hollew, and culminates in a hol- 
low bulb. This portion, being air filled, serves to float the plant, and 
is called the pneumatocyst. The plant thus is lifted and held in 
the sunlight. From the top of the pneumatocyst develop two tufts 
or bunches of long, ribbonlike leaves, called fronds, which grow 10 
or 15 feet in length and trail out in the tidal currents. The most in- 
teresting characteristic of the plant, and a characteristic that dis- 
tinguishes it from the other important kelp, the Macrocystis, is that 
almost the entire plant, on the basis of weight, lies on or at the 
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surface, from the enlarged portion of the stipe upward. This fact 
has an important bearing on the harvesting of this species, as cut- 
ting the stipe a few feet below the surface severs practically the entire 
Plante 2s 

The Macrocystis, a perennial, reaches an average length of 100 feet 
and grows likewise in regions favored by a rocky bottom and a swift 
tideway or heavy surf. It attaches itself in the same manner as does 
the Nereocystis—which is characteristic of the kelps—but instead of 
a single stipe extending from the holdfast it develops a number, 
which give the effect of a bushy cr branching plant. The fronds are 
distributed along the entire length of the stipe. These reach a maxi- 
mum of about 3 feet in length and decrease in size as the upper or 

younger end of the plant is approached. A short section of stem 
connects the frond to the stipe and bears a pear-shaped enlargement, 
which is hollow and serves as the pneumatocyst. The plant does not 
stop growing on reaching the surface, but a large portion of its length — 
hes upen the surface, supported by its numerous pneumatocysts, and 
trails out in the tidal currents. 

Reproduction by these species is by means of sporangia, small 

bodies which develop on the fronds, in the case of the Macrocystis on 
the old fronds near the bottom, and which are thrown off to find 
lodgment and develop into new plants. As the Nereocystis is in 
effect an annual, its continuance is dependent on annual reseeding. 
While plants have been observed which have withstood the winter’s 
cold and storms, thus appearing to be at least a biennial, most of the 

groves are torn out by storms during the winter and re-formed dur- 
ing the following summer. In harvesting these groves, then, due 
precautions must be taken to leave enough plants for resporing, or 
to postpone harvesting until after the spering season. In the case 
of the Macrocystis it is probable that no such precautions need be 
observed. 

In this connection it should be said further that only one harvest- 
ing per season of the Nereocystis is possible, since cutting that plant 
a few feet below the surface of the water, as pointed out, severs the 
entire growing portion. It is necessary, then, to aiait the new 
growth of the next season. 

Such is not the case with the Macrocystis. Cutting that plant a 
few feet below the surface of the water severs only the upper part 
of the growing portion, possibly one-half, and does not kill the plant. 
On the contrary, there seems to be a certain stimulation in growth 
exhibited by a sort of “stooling” effect; while the old stipes slowly 
decay, fresh shoots appear, resulting in a thicker growth. It is esti- 
mated that after a cutting, a grove resumes its original condition 
after a lapse of 40 to 60 days. 
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DISTRIBUTION AND QUANTITIES. 

On the Pacific coast of the United States the two commercially 

important kelps, Nereocystis and Macrocystis, characterize, respec- 
tively, the northern and southern stretches of that coast.” While it 
is true that they are found together at certain places and that either 
one or the other occurs in thin fringes or patches along the entire 
length of the coast, the Nereocystis occurs in large and thick groves 

in the Puget Sound region and the Macrocystis on the California 
coast south of Point Sur. In southeastern Alaska large groves of 
both species occur; and in western Alaska, in the neighborhood of 

Kodiak Island and the mouth of Cook Inlet, the Nereocystis is 

found. 
The important groves from the Mexican boundary to the Canadian 

line on Puget Sound during the past three years have been measured 
and mapped to scale; likewise, the important groves of southwestern 
and western Alaska have been surveyed.t As a result of the three 
years’ work, it is known pretty definitely what the available quanti- 
ties of kelp are in the various sections of the coast. Economically, 
the important groves group themselves around certain centers where 
there are harbers and where labor and transportation facilities are 
favorable. The natural centers are Puget Sound, Santa Barbara, 
San Pedro, and San Diego, on the coast of the United States, and 
Ketchikan and Kodiak, in Alaska. 

The Puget Sound groves, it is estimated, can be made to yield 

390,000 tons of wet kelp per year. The principal grove here, in 

convenient reach of Bellingham or Anacortes, is the Smith Island 

grove, which, it is calculated, would produce 100,000 tons per season. 
Other important groves lie near the American shore of the Strait 
of Juan de Fuca (85,000 tons) and the San Juan Islands. 

Opposite Santa Barbara is a grove of approximately 3.9 square 
nautical miles, which would yield about 320,000 tons of wet kelp per 
cutting. Near San Pedro, extending from Point Fermin to Malaga 
Cove, are two groves of a joint area of 2.4 nautical square miles 
which at a single harvesting should produce 194,000 tons of wet kelp. 

Near San Diego, north of Point Loma, likewise are two groves of a 

combined area of 7.7 nautical square miles from which could be 
harvested at one cutting about 633,000 tons. 

In southeastern Alaska 70 square miles of kelp beds have been 
surveyed, carrying about 8,000,000 tons of wet kelp. These are dis- 
tributed along a coast line of about 6,000 miles in a region of many 

1 The groves of the Pacific coast of the States were surveyed by Capt. W. C. Crandall, 

of the La Jolla Marine Biological Institute; those of Puget Sound and Alaska, by Profs. 

T. C. Frye and G. B. Rigg, of the University of Washington. 
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islands and circuitous fiords and arms of the sea. While the length 

of the shore line, relatively speaking, is enormous, the actual dis- 
tances from point to point are not great. Thus the entire area 
of this portion of territory is about 25,500 square miles, which is 
about the area of the States of New Hampenin e, Vermont, and Massa- 

chusetts.1 Of the amount of kelp surveyed, groves containing 
2,880,000 tons are regarded as easily available, the availability being 

estimated on the basis of quietness of water and freedom from rocks 

and other obstructions to navigation. 
The kelp of this region has been grouped around eight centers, 

which are: 

i. Port McArthur, near the south end of Kuiu Island. 

2. Shakan Bay, on Sumner Strait. 
3. Tyee, near Point Gardner. 
4. Duke Island, possibly inside the Vegas Islands. 
5. Saginaw Bay, at the north end of Kuiu Island. 
§. Warren Cove, on Warren Island. 
(. Barrier Island, between Cape Chacon and Cape Muzon. 

8. Bay of Pillars, on Chatham Strait. 
These points have been selected by Prof. Frye from the viewpoint 

of amounts of available kelp and convenience of harbor. 

In this region, as well in western Alaska, large and heavy groves 

of Alaria fistulosa occur. This is a kelp which attains great size, 
but carries only a small proportion of potash. Its nitrogen content 
is correspondingly high, but not high enough to make it O equal 
commercial importance with the other two species. 

The kelps of western Alaska so far mapped (by Prof. G. B. Rigg, 
of the University of Washington, during the summer of 1913) con- 
tain about 3,500,000 tons of green kelp, the estimate being based on 
the supposition that the kelp would be cut about 5 feet beneath the 
surface. The species included are both Nereocystis and Alaria. “ Of 
this, 1,251,200 tons are in beds of pure Nereocystis; 1,457,300 tons are 
in beds of mixed Nereocystis and Alaria.? 

Large kelp beds are within easy reach of the harbors of Port 
Graham, Seldovia, Kodiak, and Alitak, on Olga Bay. 

COMPOSITION. 

The composition of the kelps here is considered only from the point 
of view of their fertilizer value. In the following tables are given 
the respective composition of a number of samples of Nereocystis 

1from the report of Dr. T. C. Frye on the Kelps of Southeastern Alaska, Rept. 100, 

U. S. Dept. cf Agr., Part LY. 

2G. B. Rigg, report on the Kelps of Western Alaska, ibid., Part V. 
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and Macrocystis, collected from various localities through a number 
of years and analyzed in the laboratories of this bureau. These tables 
are made up of results published elsewhere by the writer,’ Linde- 
muth and Parker,? and Merz.? The samples may be regarded as 
average samples, since they were collected only as representative of 
the groves distributed along the coast. 

TaBLE X.—Chemical composition of Nereocystis. 

Location. K20. | it N. Creare 

Per cent. | Per Co Per cent. | Per cent. 
18.04 2.26 51.13 
17.61 24 2.21 51.11 
31.62 25 1.21 33.15 
16 .92 20 2.57 51.16 

Fresh Water Bay, Puget Sound... -:........2.0.---2-cccnccscnes ua 6 a a5 or ee 

| 16.20 t9 2154 52.14 
ll 16.50 30 2.21 37.40 

16.72 20 1.46 39 .02 
25.70 ‘08 1.29 41.80 

Parblna@armly aWashit wien ap eit a 1330 ae cid Bro 
| 16 20 15 2 32 35 .30 

: | ; ; 2.2 53 .56 
PEOIILPATENA ACA era cole aicicinrcttl ne </nimnle elniele @ Wielnje aim alrsicin\-'s)nie o(ein)m = | { 20 .62 15 2.25 51.42 

(16.96 20 2.15 57 .25 
1B A VAOIMONLCLO YA Cale eri: been ok Sei ese ae cite Sallie Apna s | ze # ag a8 ee 26 

cag {19.40 12 1.70 53 .00 
oi pe ines alge 2b. eit aia, he, eee 26.10 15 1.12 40 .60 
Caylcos, Cale soo. s- 8s 25.5: DIED Silay peg se Ure NCR any Say Er EASA | ay a tee 47 Es 

GeceMclnud, Maske 0-8 OE OO 15 44 14 2.27 56 26 

| A i : 40 .50 
Port Graham, Alaska......-.....----222.2-222222200-2 ee ee eee { M4 8 None. 2.02 2 "74 

74 one. 2 (0 .50 
Pearse Canal, Alaska... ....----------+-2+2+22+2-2eee reste eee { 23.88 | None. 1.53 39 90 

15.12 07 3.06 55 .56 
30 .12 ‘05 1.07 33 .50 
27.02| None. 81 39 .92 
19.63 | None. 1.04 49 .28 
16.74 06 1.52 51 .60 
24.80 03 98 42.78 
28.76 | None. 59 32.66 
17.67 01 2.01 50 .62 
20 .12 06 1.85 48 56 

56° 08; N., 133° 54’ Ww RT USNS eUlaligrare ein Tops i Gea aig AEN 26 05 10 i 16 43 78 
PRN ALGO RaW ens | do Ce an Ve PEE TRL 91.61 0 ‘65 ‘50 

MULAN ITEC SU AWARE nt) sla Oe es ode 22.73| Trace. 1.54 55 6 

SHRED Gay SIE pil ar eh eames abate merean eee 21.49 Bl 1.80 47.75 

1J. Ind. Eng. Chem., 4, 9 (1912). 

2J. Ind. Eng. Chem., 5, 287 (1913). 

3J. Ind. Eng. Chem., 6, 19 (1914). 
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Taste XI.—Chemical composition of Macrocystis. 

me Organic Location. K;0. I. N. matter. 

| Per cent. | Per cent. | Per cent. | Per cent. 
WOWs EOIMG AWOASHe snr e oon ee aa ica Sheec cece eee eases eae | 12.80 0.23 1.37 59 .40 
Neath uB a yaaWiaSlecccst co ssnecre no mete oie wale harps ors ae spa ete 19 .60 20 183! 51.50 

. - | 17.26 oli5 2.18 58 .14 
Pillar Point, Cal........--2+-+2-+22+42-0eeeeseeeeeeeeeeeee eres { 27.66 14 1.00 41.04 
PaUtaOruz Cale cates caesar s 2 hoe eee ee eee 2 eae eae 16.44 24 2.16 59 .80 

f 18.30 26 2.32 57 .00 
Monterey Bay, Cal... --...2222.-20-2es20pte eset eet e eee seen ees 12/38 ‘18 2.11 68 .80 
IBOUTG CATIONS Cal se casa aoe ee ante eee oe ee meee ae 23 .00 32 1.83 51.20 
ROM Sane UIss Calecee nee ee he ee eee eee eta a 8 .62 14 2.35 68 .26 
RockyaPointa@al sy anes snss ee eee es ote ee eee Serie = Bert 9.35 125 2.72 73 .06 
PointiConcepion, Callee sae ee ae eae ee eee 14.17 24 Daud 62 .95 
NaneMagtielelslandi ss 2. Seer sane yay ae aa eal ei ee eee 16.40 29 ee 54: 50 .60 
pamta CruZisland.ss-cstee secret omes ot oe ee eee es | 17.40 32 157; 49 .40 
AnNACApATSlANG. Lacasst. chee ke uae. See aap en ee aa 12.60 -26 95 64.40 
Capel@uemad ay Calemiiee Urs Sete eee eee ee ae 14.10 29 -90 63 .50 
GoletasPoints Cala ses tec ge eee eae es eee Se aero | 16.70 17 1.00 56.70 
Point Was PitosACal Bae eee ee eo gec eee eaa| 12.30 -20 98 66 .20 
ad ollaueomt, Cale eet s sna Len ce enn ene aoe nents | 13 .60 38 1.04 64.40 
IROMUMedanoSs Cale Me keke ate ne net cy ee eee ee een et 13 .40 23 74 62.90 
Rointalioma@al sae esas sere eee oe ae ens ees ee ee 15.70 Ale -90 60 .90 
Between Duke Island and Bee Rocks, Alaska.................- | 11.49 -06 1.08 67 .34 
HOIEN TIS t OO W wreck -caaek te eeh i oec cm eeee be cdecese nae 8.63 None. 2.68 72 24 
DiMlOWINey Addo O4 a Witewoc Monee coe tinct ae aes a ee eee eee 6.92 Trace. 2.69 73 .96 
Bilis ORIN 13453545 WV ee ie ate es MR eh ten ee ep 7.30 None. 2.19 73 24 
Esfs}-3 DOPAC UN Fa 3 8 Sea Wh Yen Oeil 9 EE Re PO Seu or 13 .26 10 I 25 64.36 
DAS FOS CIN sh 320/205 Werte chee eer, VA Ree Leia 5 echt teal 22.48 30 2.64 49 .02 

BNA A2) 911 c eps oN ed ae REN ES aU SAI Be Oe PORE Om Ri eee ye 13 .63 19 1.83 63 .00 

In these tables the potash is recorded as such—that is, as the 
oxide, the conventional manner of expressing the potassium con- 
tent of fertilizers. It must not be understood that this is the form 
in which it occurs in the plant. When the plant has been incin- 
erated at low heat, so that all volatile organic matter has been 
driven off and only charcoal remains, and leached, potassium chloride 
is obtained. While it is not known definitely what compound of 
potassium exists in the living plant, it may be regarded as potas- 
sium chloride. In addition to the potassium chloride, sodium 
chloride is present in varying amounts, roughly equal to about 
one-third that of the potassium chloride. Also, there are small 
quantities of phosphoric and sulphuric acids, calcium, and 
magnesium. By lixiviation practically all of the soluble salts, 
principally of potassium and sodium, are removed. If the remain- 
ing charcoal then be burned, an ash remains which consists essen- 
tially of calcium and magnesium carbonate and phosphate. The 
percentage of ash varies from 3 to 12 per cent, the variations being 
determined by the part of the plant undergoing analysis. The 
stipe carries a much higher proportion of ash than the leaves or 
fronds.* 

1¥For analyses of the various kelps of the Pacific coast other than and including those 

of commercial importance, and for others of various alge of various parts of the world 

copied from the literature, see App. P of S. Doc, 190, Sixty-second Congress, second 

session, 
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From the results of analyses recorded above the following gen- 
eralizations have been made: 

(1) No definite quantitative relations exist between the different constituents 

of kelp. : 

(2) The potassium content of Nereocystis is greater than that of Macrocystis. 

(3) The potassium content of northern kelp is higher than that of southern 

kelp. 

(4) There is no positive difference in iodine content between northern and 

southern kelps. 

The following conclusions also seem justified : 

(5) The proximity of the mouth of a fresh-water stream has no appreciable 

effect on the potash and nitrogen content of kelp. 

(6) There are no essential differences between the potash and nitrogen con- 

tent of fronds and stipes.* 

KELP AS A FERTILIZER. 

In the British Isles kelp has been used as a fertilizer for centuries. 
So highly was it valued that lands carrying kelp-harvesting privi- . 
leges were especially valuable. In New England, also, kelp or sea- 
weed has found favorable use as a soil amendment. In Alaska, espe- 
cially on Kodiak Island, near the village of Kodiak, and in the 
neighborhood of Skagway, it is used in like manner, on the former 
island particularly in fertilizing potatoes and in the latter region 
on truck gardens. 

The Pacific kelps are markedly different from the seaweeds of the 
Atlantic coast, especially in their very much greater size and their 
relatively large content of potassium chloride. It is these two quali- 
ties that give them especial importance as a possible source of fer- 
tilizer materials. 

In the regions mentioned kelp has been applied to the soil as a 
mulch in its green state, or, better, after it has been cured by drying 

in the sun, or rotted by being allowed to stand in heaps. 
For several years past kelp has been harvested mechanically near 

San Pedro, Cal., and shipped in the crude, undried condition to the 
ranches and orchards of that part of the State. As the green kelp, 
after draining, contains about 85 per cent water, its content of potash 
and nitrogen are about 2.6 per cent and 0.3 per cent, respectively. 
These values are obtained by calculating back from the values estab- 
lished on the dry basis to that of a content of 85 per cent water. 

The manurial value of green kelp, as compared with a number of 
other materials commonly used as fertilizers, is brought out in the 
following table: ? 

+ Cameron, Kelp and Other Sources of Potash, J. Frank, Inst., October, 1913, p. 363. 

2 Cameron, loc, cit., p. 377. 
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TABLE XII.—Comparison of the composition of wet kelp with other manurial 
products, 

. * Phos- 
. Mois- Nitro- . 

Material. ae gen. Potash. phoue 

Horse manure: ! Per cent. | Per cent. | Per cent. | Per cent. 
Solididreshiexcrenient)= ssc..s see asece se ece ce eee ese eee | eeeee eens 0. 44 0.35 0.17 
Rresh Wrine saa sc oct cae ee ae See eae a ee ent oe Sen UsDo) 1.'50),| \s. sete 

Stable manure! sae 13220 . 50 . 60 30 
Greenialialtatee. 5 isnt Semce aed save iene Se ore at ele reese Seen ie 75. 30 -72 -45 sab 
WOWDCAS Ma eicenisteo Sere te mance mrs ee ren ee les ea ee eee 78. 81 27 ol 98 
Street sweepings, Washington, D. C.2................... Sieh ars iaterell Sw caveimietenal=te - 86 Bon OD 
Wretikel pawn eae cahs sae eta een ek aoa eee Tee ae ae eeas 85. 00 30 2.50 .10 

1 From Soils, by 8S. W. Fletcher. 
2 From Analyses, by J. G. Smith, Bureau of Soils. 

The high content in water of the green kelp and its resulting low 
content in valuable constituents restricts its use to regions within 
easy reach of the points where it is harvested. For that reason any 
scheme for the large-scale utilization of kelp as a fertilizer must be 
based on some method of concentrating its valuable constituents. 
Since all of these are either neutral or beneficial from a fertilizer 
point of view, it is necessary only to concentrate them by the re- 
moval of the water, or in other words by drying. After an investi- 
gation of several years and a careful consideration of the nature of 
the raw materials involved, the value of the products obtainable and 
the costs of obtaining them, together with the demands of the fer- 
tilizer trade and the economic conditions existing on the Pacific 
coast, it appears that kelp, in the beginning at least, most advan- 
tageously can be prepared for the fertilizer trade merely by drying 
and grinding. 

The product obtainable, as shown by small-scale operations, is a 
coarse gray powder of such specific gravity that a cubic foot weighs 
51 pounds. While it does not absorb moisture readily from the 
air, when wetted it swells and may become sticky and gelatinous. 

In composition it would approximate closely the values obtained 
from the foregoing Tables X and XI. The drying would not be 
quantitative; that is, a certain proportion of water would be allowed 
to remain, probably 7 to 10 per cent. Assuming the larger figure, 
the other values would be reduced proportionately, namely, 10 per 
cent. The pulverized kelp, then, would contain 15.8 per cent potash 
and 1.6 per cent nitrogen. On the retail market of the Pacific Coast 
States, the prices of $1 per unit of potash and $3.30 per unit of 
ammonia are obtainable. On this basis the value of the kelp per ton 
is arrived at, as follows: 

15:7) percent, KeOF at Siizs oe oy ey ee Ne ee ae $15. 75 

21 Superscent Niklscat pon Ose) ee oe ee ee ee 7.19 

Motalvalves Pele iOl= =e ee eee 22. 94 - 
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In the wholesale market of the East, the prices obtainable are 
0.65 per unit of potash and $2.85 per unit of ammonia, on the basis 
£ which the value of the kelp would be: 

io pen cent KOO (at S065" ssa. eae ek see eee $10. 24 

Palsmnerecent, INES vat S2:G52U ss sie wre eG See a See ees 6. 21 

TRYONEESUT sy Soe BLU VSI) XS ye 0) OL eS Yaa Ae 16. 45 

From the analyses of the dry kelp it is seen that it is distinctly a 
§ potassic fertilizer, and would enter the trade as a potash carrier. 
Since the present practice is to use the mixed or “complete” ferti- 
lizers, the kelp, if produced on a large scale, would find its market 
as a potash carrier to be mixed with phosphates and ammoniates to 
form the “complete” fertilizer. For this purpose, it would enter 
into competition with other potash carriers, including the German 
potash salts. These are, principally, kainite, a double salt of po- 
tassium and magnesium, MgSO,KCI13H,O, and “manure salts,” a 
mixture of potassium, sodium, calcium, and magnesium salts. 
Kainite, when pure, has a theoretical content of 18.9 per cent potash, 
but in the impure condition in which it is found on the market 
carries about 12.5 per cent potash. It sells for about $8.25 per ton. 
“Manure salts” vary widely in their potash content, but generally 
are of low grade and carry about 12 to 18 per cent potash. At pres- 
ent kainite, as such, is disappearing from the market, being classi- 
fied with ‘“ manure salts.” 

A. comparison of the efficiency as a fertilizer of the potash in 
kelp and that in potassium salts, of the general type used in mixed 
fertilizers, has been made in the laboratories of this bureau by Skin- 
ner and Jackson.t The two were applied to growing plants in 
equivalent amounts. The results showed that the kelp as a potassic 
fertilizer was quite as effective as the potash salts. 

Since sodium chloride is found as a constituent of kelp, it has 
been suggested that its use on alkaline soils might prove objection- 
able. In reply to this it should be said that the amount of salt actu- 
ally added to the soil in the kelp is extremely small, and in such 
amounts it has been shown to exhibit fertilizing properties. Fur- 
ther, sodium chloride makes up but a small proportion of alkali, 
that being either sulphate of calcium or magnesium or carbonate of 
soda. If such an objection were valid, it would apply much more to 
the materials now in use as potash carriers, the “manure salts,” 
which have been seen to contain soluble salts of both calcium and 
magnesium. In the case of the potash salts, the constituents other 
than potash have no value on a fertilizer basis and therefore are 
merely so much inert material on which transportation must be 
paid. The deleterious action of these in some soils would be un- 

1 Circ. 76, Bureau of Soils, U. S. Dept. of Agr. 
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doubted if the fertilizers of which they form a part were used in 
very great amount. They are objectionable on the further score 
that they render the material of which they form a part hygro- 
scopic, which property in moist air causes the fertilizer to cake. 
The ingredients of kelp other than potassic, it has been shown, are 
salt and organic matter, the nitrogen of which, rated as ammonia, 

adds materially to the market price of the product. The organic 
matter itself is of value, as:contributing—to a small extent, to be 
sure—to the organic constituents of the soil, known by the indefinite 
term of “ humus.” 

PREPARATION OF DRY FERTILIZER FROM KELP. 

Since the ingredients of kelp are either neutral or beneficial in their 
influence on plant growth, to prepare kelp for use as a fertilizer it 
is necessary only to convert it into a form in which it can be pre- 
served and shipped. To accomplish this it is sufficient to harvest, 

drive off the water which it contains, and grind it to a coarse powder 
for bagging and mixing. 

Kelp is being harvested by a machine which embodies the prin- 
ciples of the mowing machine or reaper used in harvesting agricul- 
tural products. The harvester actually in operation consists 

essentially of a barge over the end of which projects an adjustable 
frame, supporting an endless belt, tilted to form an inclined plane. 
Across the lower end of the belt extends a horizontal cutting bar 
about 10 feet in length, of the type used in the construction of reapers, 
which is supplemented at each end by two perpendicular knives. By 
this arrangement a swath may be cut through the kelp 10 feet in 
width and of a depth determined by the adjustment of the supporting 
frame. Back of the knives the belt, constructed of chains and _ 

netting, is operated in such a way as to catch the severed kelp and 
lift it upon the barge. Beneath the upper end of the belt is a 
chopper into which the kelp drops and by which it is cut into short 
lengths. From this it passes onto a short conveyor which loads it 
into a large scow made fast alongside. The small barge carrying 

the cutter is moved along the side of the large scow so that the load 
of cut kelp is distributed evenly. To operate the moving parts of 
the machine a gasoline engine is provided. The barge and scow 
are pushed through the kelp groves by a launch, which serves also 
to tow them to the dock for unloading. (Pl. VI, fig. 2.) 

The cost of cutting will be determined by the conditions obtaining 
at the place of cutting. The results obtained so far indicate that this 
will be not more than 50 cents per raw ton, and easily may be reduced 
to 25 cents or less, inclusive of unloading at the dock. 

Tt can not be expected that the cutter now in operation embodies 
all the perfections to which such a machine is susceptible, nor that 
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mprovements in the machine will not reduce the cost of cutting. 
ertain features of the present method of operation are objection- 
ble. But these almost certainly will disappear when a fuller expe- 

ience shall have pointed them out and the means of circumventing 
hem. Cutters of other forms and modifications of the present cutter 
ave been designed and patented. Conspicuous among these are 
achines ascribed to S. A. Knapp (U.S. Patent No. 756,658) and 
eorge H. Ennis (U. S. Patent No. 1,080,144). In spite of its 

imperfections, the kelp cutter now in operation must be regarded as 
an unqualified solution of the problem of the economical harvesting 
of kelp. 

The chopped kelp may be unloaded at the dock by an elevator such 
as that recommended for unloading cannery waste. In fact, the iden- 
tical elevator may be employed in the same manner as in unloading 
the other class of material. 

The drying of such materials as fish pomace, a class in which kelp 
likewise may be included, has been discussed in foregoing para- 
graphs. It should suffice to say here that from a priori considera- 
tions, as well as the results gotten so far in actual experimentation 
with kelp in the large-sized, hot-air drier and on a semicommercial 
scale, this type of drier seems entirely adapted to the drying of kelp. 

Since, under Atlantic coast conditions, fish pomace containing 
55 to 60 per cent water may be dried in the direct-heat rotary drier 
at a cost of about 50 cents per dry ton, it seems reasonable to believe 
that it should be possible to dry kelp, containing 85 to 90 per cent 
water, at a cost of $1 per dry ton. After drying it may be found 
desirable to grind the kelp for mixing. Dry kelp, especially when 
hot, is quite brittle and grinds easily. 

Frye, in his work on Alaskan kelps, has shown that the leaves of 

Nereocystis yield 9.2 per cent solids and the stems 7.2 per cent, and 
that the Macrocystis, stems and leaves together, yields 13.27 per cent 
solids. AJlaria fistulosa produces 13.74 per cent solids. These results 
were obtained by weighing specimens immediately on being taken 
from the water while they were still wet with sea water. On the 

basis of these values and the analyses given in the foregoing tables 
the following calculations have been made, showing the yield in 
various constituents to be expected from a definite weight of freshly 
cut kelp: 

TABLE XIII.—Yield in various constituents to be expected from 1,000 tons of 
freshly cut Macrocystis and Alaria. 

Variety of kelp. wae aa K20. N 

: Tons. Tons. Tons, Tons. 
IMAChOCYSUS|semscweh eee enee sk shu ecco her aces digoee alk 1,000 132 25.3 2.2 
ANY EGS ase hea ala NB a ata eS he a cA 1,000 137 13.3 3.6 

ec Ia Se SSP SR UA ASI SISO mo) J Ls OTE] J aS VE NSO 
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TABLE XIV.—Yield to be expected from 1,000 tons of Nereocystis. 

Material. Leaf. Stem. Total. Remarks. 

Tons. Tons. Tons. 
Weetikelpiss sc. csne 775 225 1,000 | Counting 34 times as much leaf as stem. 
Dry -kelpsstse2cs.2- 71 16 86 | Leaves average 9.2 per cent dry; stems, 7.2 per cent. 
Wig One Scere ne 12 4 16 | Leaves,17.05 per cent K20; stems, 26.45 per cent K20. 
NEES oe eck so actos 1.54 pay 1.7 | Leaves, 2.16 per cent N; stems, 1.09 per cent N. 

A COMBINED FISH SCRAP AND KELP FERTILIZER PLANT. 

One of the objections to the idea of a central rendering station for 
the treatment of cannery waste is the great length of time when 
the plant and its equipment lies idle. To overcome in part this’ 
objection it has been proposed that the fish-rendering plant, at times 
when fish waste is not available, be applied to the preparation of 
kelp fertilizer. More accurately, the suggestion is that the render- 
ing of fish waste be resorted to as an operation auxiliary to the 
treatment of kelp. But as the rendering of fish waste requires more 
specialized apparatus than the drying of kelp, it appears more 
plausible to regard the treatment of kelp as subsidiary to the former. 

With a plant fully equipped for the large-scale rendering of fish 
waste, all the equipment necessary for treating kelp, with the ex- 
ception of a kelp harvester, has been supplied. Scows and tugs 
designed for the collection of cannery waste can be applied to the 
harvesting of kelp. The unloading elevators, storage bins, and con- 
veyors within the plant are entirely adaptable to chopped kelp. 
Since the kelp is not to be cooked or pressed, the conveyors should 
be arranged with a view to the transference of the material directly 
from storage bin to drier. And the drier, of whatever form, prob- 
ably would be found quite suitable for drying kelp. 
Assuming the canning season, for example, in the Puget Sound 

region to be confined to the months of July and August, the equip- 
ment of the rendering station can be applied to the treatment of 
kelp during the months of September, October, and probably Novem- 
ber, thus more than doubling the activity of the plant. The capacity 
of the drier, for the plant proposed in the foregoing paragraphs, 
in actual practice is about 50 tons per day, which is equivalent 
to about 500 tons of wet kelp. Furthermore, even during the can- 
ning season, when the amount of fish waste available is not suffi- 
cient to keep the plant running at full capacity, kelp may be har- 
vested and dried as a supplementary operation. 

The following estimates may serve to convey some idea of the cost 
and profits to be expected from the supplementary operations on 
kelp. Since the drier has a capacity of 50 tons of dry kelp, the 
capacity of the plant is limited to the equivalent weight of green 
kelp, which, on the basis of 10 per‘cent solids in the green, is 500 
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Fic. 1.—SMALL STEAM DRIER USED IN SALMON-CANNERY BY-PRODUCTS PLANT. 

In the background the press is seen. 

Fic. 2.—A KELP HARVESTER AND BARGE LOADED WITH HARVESTED AND CHOPPED KELP. 
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tons. This, it is assumed, could be harvested and unloaded at 50 
cents per ton. Such an amount of material probably would require 
at least two cutters and five barges of 100 tons capacity each; and 
to tow these to the factory dock, two tugs would be necessary. 

During the season when cannery waste is being collected, the labor 
required would be on wages, whether actually employed or not. 
Under such circumstances the labor cost need not be considered, but 
only the actual expense of operating the tugs and cutters. After the 
close of the cannery season, however, the cost of labor would have to 
be borne by the kelp. Any estimate of this cost would be difficult 
and perhaps misleading, but it scarcely would be under $50 per 
day. About one-half of this estimated cost of labor would be 
included in the cost of harvesting, and the balance in the cost of dry- 
ing and sacking. The drying, it is estimated, would cost $1 per dry 
ton. To sack the product $2 per dry ton is a fair estimate, as a sack 
would hold over 100 pounds; the bags would cost something less than 
10 cents each, including string. 

The principal expenses of operation may Me itemized as follows: 

Harvesting, 500 tons, at 50 cents___-_--_---______----_-_- $250. 00 

Dyin OstOns) (diss), abi pil see ee Ae ee 50. 00 

nooner Oc hONSmabipos. == ee Je ee ee 100. 00 

Overhead charges, selling, and depreciation, 50 tons, at $1_ 50.00 

NR YS lca AN A a I tg ah 450. 00 

Freight to eastern Contes! SUES Gi ae i eae rae 300. 00 

750. 00 

The proceeds from the sale of the product may be estimated as 
follows: 

On basis of retail sales, 50 tons, at $22.94______________ $1, 147. 00 

On basis of wholesale sales, 50 tons, at $16.45__________ 822. 50 

An estimate of daily profits may be made as follows: 

Retail basis: 

Daily LOCCCUS ose ee Ea eee ee ee $1, 147. 00 

Daily vexpenditures.22 3 2 2 ee 750. 00 

VO CT Ai 0) G0) wh alee el eR ne ee NS 397. 00 

Profits for 30 days’ operation__.___.____________ 11, 910. 00 

Wholesale basis: 

ADD AAT yep TO COC Sy a ea 822. 50 

Daily EX PENGIGULES ee ee 750. 00 

Dailyeeproitss7. Lees Sb oe NI EEE 72. 50 

Profit for 30 days’ operation____________________ 2, 175. 00 

While very great accuracy can not be claimed for these estimates, 
as they are based on experience with materials other than kelp, it is 
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believed that they are approximately correct and can be taken as an 
indication of what the items of expenditures and proceeds may be. 
They indicate strongly that a plant erected and equipped for ren- 
dering cannery waste can be applied with profit to the treatment of 
kelp. The proviso that the plant be equipped with a drier of large 
capacity must be introduced. In the beginning of the proposed in- 
dustry the market on the Pacific coast would consume the entire 
product, so that the high freight rates to the Atlantic seaboard could 
be avoided. This would add materially to the profits. 

The products of the proposed combined fish-rendering and kelp- 
drying plant may be disposed of separately to mixers of fertilizers, 
or they may be mixed and retailed directly to the consumers as so- 
called complete fertilizers. The mixture of fish scrap and dried 
kelp would contain ammonia, potash, and phosphoric acid (bone 
phosphate), the three substances regarded as essential ingredients 
of a complete fertilizer. Mixed in equal proportions, the analysis 
of the product would approximate 5 per cent nitrogen, 3.5 per cent 
phosphoric acid, and 7 per cent potash. Such a fertilizer, from the 
conventional point of view, would be regarded as deficient in phos- 
phoric acid, that ingredient being added usually in larger proportion 
than the potash or nitrogen. To make it conform to that formula, 
acidulated phosphate rock could be added. However, this ratio is 
purely conventional and may be disregarded. 

FISH SCRAP FROM OTHER FISH. 

Tt has been shown that at present about 1,630 tons of dried fish 
scrap represents the annual output of that product from the refuse 
from the salmon industries. In addition thereto, small quantities 
of scrap are produced from the herring, tuna, and whale fisheries, 
and a considerable waste is discarded in the halibut fisheries. 

HERRING. 

At Killisnoo, Alaska, is the only fertilizer plant on the coast using 
herring as its raw material. The company operating the plant was 
organized in 1889. In 1909 the plant was equipped with new and 
improved apparatus. The methods in vogue are the same as those 

employed in the menhaden industry on the Atlantic coast. 
The Killisnoo plant uses about 40,000 barrels of 200 pounds each 

of raw herring per year, from which about 1,000 tons of dry scrap 

and 3,500 barrels of oil are yielded. 
The herring utilized are obtained in the waters of and adjacent to 

southeastern Alaska. In the same region there has been developed 
a small herring fishery which salts herring for the market. This 
industry, presumably, is only in its infancy. However, at present 
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the Alaska herring are not in demand, bring a low price, and exhibit 
poor keeping properties. 

During the year 1913 about 6,000,000 pounds of herring were pre- 
pared for use other than in the manufacture of fertilizer. This 
application of herring is itemized in the following table: 

TABLE XV.—Use of herring other than for fertilizer. 

Application. Quantity. | Value. 

Pounds. | Dollars. 
Hreshorsbaitepre eae tau sje ska Se Bg elma ie as oP lisae hey aes Yak | 3,936,500 22,245 
ERVR PASI, TROVE OPEN He a ELS ap Go A  R 231,935 2,291 
RRS Miorsion dene iS elie ii ee) BOT Oy Gas aes | 692,400 | 26,832 
Pickled, for bait....................- aly pe oss Aloe hte gs Sta pe NEL GA 256, 200 3,297 
TES ALCCOMMOD OOM mee er een eal a ai nora cpap geo am es ot nae ese a) 5, 259, 520 50, 183 
ESkantalteayal, itoye ifayayel Siete ees oi ai ne pe ee ane a a A aati ee Renee ee an en 17,371 1, 257 

Motalenenapen en Reha al Raita l ene e te sae Cy aah e hee 10,393,926 | 106,105 

Even in the present stage of development of the herring-salting 
and herring-fertilizer industries, the two are supposed to be in con- 
flict with each other, and it is being proposed that the fertilizer 
industry be suppressed. Since the food demands of the Nation must 
take precedence over all others, if the manufacture of fertilizer from 
herring is bringing about such a depletion of the supply of these fish 
that the demands for them as a food fish are not satisfied, it is fitting 
that the former use be restricted or suppressed. ‘There seems to 
be no authentic information substantiating the belief entertained by 
some that the herring-salting industry is suffering from the activity 
of the herring-fertilizer industry. In fact, when the herring fish- 
eries of Alaska are compared with those of the northern shores of 
the Atlantic, it is seen that the total number caught there is insig- 
nificant; about 22,000,000 pounds are utilized in Alaska for all 
purposes, while in the north Atlantic, about 900,000,000 pounds are 
utilized. 

Obviously, it is greatly to the advantage of the Nation that the 
fish of the sea be put to some use. Their application to the soil as 
fertilizer is only one step removed from their direct utilization as 
food, since when so used they go to increase the food supply. Their 
utilization in this manner is very much more to the advantage of 
everyone concerned than putting them to no use whatever. Ulti- 

mately, the fish resources of the country will be developed to their 
fullest economical usefulness, when they will be drawn upon to 
supply man with greatly increased amounts of food. Until such a 
time they should be open to supervised use in whatever way industry 
demands. 

1 From Bower and Fassett, loc. cit. 



68 BULLETIN 150, U. S. DEPARTMENT OF AGRICULTURE. 

In this connection the opinion of the experts of the United States 
Bureau of Fisheries is of interest: 

The concensus of opinion is that herring have been more numerous this 

season in the water of Alaska, except in the Yes Bay section, than for a 

number of years past. At no time heretofore has there been anything like an 

alarming shortage, but as In the case of herring fishery the world over, there 

are periodical lean and full years. It not infrequently happens that during 

the poorer years alarmists give rise to the view that the supply of herring is 

being diminished through ruthless fishing operations. Particularly has this 

idea been directed toward the practice of utilizing herring in the manufacture 

of fertilizer and oil. That this opinion is not borne out in fact has been clearly 

established by careful and impartial analysis of the situation. So far as 

Alaska is concerned, the destruction of countless millions of herring in embryo 

by the natives, who use large quantities of impregnated eggs for food purposes, 

is a more destructive agency than the use of the adult fish for fertilizer pur- 

poses. Measures should be adopted to prohibit the natives from placing brush 

on the spawning grounds by means of which they remove the eggs. 

The halibut fishermen are particularly interested in the herring situation, 

because of the dependence of their industry upon the supply of herring for 

bait. Much of the agitation as to the fertilizer and oil question has emanated 

from this source. Unless future developments show radically different condi- 

tions, as compared with other parts of the world where time has been the 

infallible test, there will be not only enough herring in Alaska waters to meet 

present-day needs, both for bait and fertilizer, but to permit of an expansion 

along these lines, aS well as a growth of the food-herring jndustry.1 

In the face of the present successful opposition, however, it seems 
scarcely reasonable to believe that there will be any further develop- 
ment in the manufacture of fertilizer from herring. 

During the season of 1913 Alaska herring yielded 1,200 tons dried — 
fertilizer and 260,000 gallons of oil. For this purpose 57,800 barrels 
of 200 pounds each of raw herring were rendered. 

TUNA. 

The canning of California tuna, or more properly, the Albicore, 
is a development of only recent years. At present it is carried on 
by about nine canneries in southern California, the center of the 
industry being San Pedro. The output for the year 1913 amounts 

to about 115,000 cases. 
The waste from the tuna is very large. The fish are dressed, as 

caught, at sea and the waste thus produced is thrown overboard. 
This represents about 20 per cent of the fish. After delivery at the 
cannery it is cooked, when its weight decreases about 18 per cent, 
due to loss in the removal of oil and soluble constituents. After 
cooking, the bones, skin, and dark-colored flesh are removed, repre- 
senting a further loss of about 32 per cent. The total loss from the 
round weight of the fish to the finished product is about 70 per cent. 

1 From Bower and Fassett, loc. cit. 
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Present practice makes the greater part of this available for the 
Mmanufacture of fertilizer. Since the material is cooked before dis- 
carding, some of the oil has been released, thus detracting from the 
value of the material as a source of oil. What proportion of oil 
thus is lost can not be said. It is probable that only a little more 
cooking is necessary to-render the material suitable for pressing. 

At present a considerable part of the cooked meats (about 500 tons 
per year) is disposed of for the manufacture of fertilizer. To effect 
this the waste is only dried in a steam drier, no attempt being made 
to recover the oil present. During the season of 1913 about 50 tons 
of tuna fertilizer were prepared. A sample of this was analyzed 
by J. R. Lindemuth, the results of which are given in Table XVI. 

The tuna-canning industry shows promise of development. The 
fine qualities of the product have brought it into demand. The 
present pack represents an initial or round weight of 16,400,000 
pounds. If all the waste from this (70 per cent) were saved, it 
would yield about 5,700 tons, or if only that produced at the can- 
neries were saved it would amount to about 4,000 tons of undried scrap. 

HALIBUT. 

Halibut are caught by hook and line, trawl, or “ ground line.” At 
the end of each day’s fishing the catch is partially dressed, the 
viscera being removed, and is packed in ice for transportation to 
the halibut stations for the final preparation for market. The waste 
produced in the preliminary dressing is thrown overboard. At the 
halibut stations, generally fish-freezing stations, the heads are 
severed and the fish are subjected to a final cleansing before being 
frozen for storage or shipment. The heads represent about 14 per 
cent of the weight of the fish as delivered at the stations. The pres- 
ent practice is to throw these into the water at the stations, at the 
end of the day’s work, in the manner most convenient. As the 
greater portion of the halibut caught are marketed fresh or frozen, 
they are shipped whole without further cutting, with the result that 
the only waste from them produced at the stations is the heads. 

During the past season (1913) the Alaska halibut fisheries pro- 
duced 13,437,800 pounds of halibut. This is the weight of the pre- 
pared fish. In producing this weight, about 1,100 tons of heads 
were discarded, and probably an equal weight of viscera. To pre- 
serve the latter and make it available for rendering the oil and 
preparing the residue for fertilizer, the fishing boats would have to 
be equipped with ice-cooled tanks for receiving the viscera. This 
would be objected to on the part of the operators, as frequently all 
available space on the fishing steamers is taxed to its utmost to 
accommodate the fish of far greater value than the viscera. It is 
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doubtful, therefore, whether any economical method of preserving 
this waste could be devised. The heads, on the other hand, easily 

could be saved, provided the halibut stations were within a con- 
venient distance of a rendering station. At best these could be re- 
garded only as a small auxiliary supply of raw material, for 
in no instance, probably, is there a sufficient quantity of heads pro- 
duced at any one station to warrant the installation there of a by- 
products plant. 

The fish taken incidentally in the halibut fisheries constitute an- 
other large waste. Concerning this, Messrs. Bower and Fassett, of 
the United States Bureau of Fisheries say: 

Halibut are almost exclusively caught on trawl or ground lines, which, 

equipped with hundreds of hooks, are set out from dories in great lengths 

over the bottom. At intervals, as the weather permits, the lines are underrun, 

the catch removed, hooks rebaited, and the lines reset, this work also being 

done from dories. After careful inquiry among halibut fishermen themselves, 

it is believed to be a safe estimate that for every halibut caught at least one 

other fish of more or less value as food is taken from the hooks. With those 

rare exceptions when black cod are retained, all these fish are thrown back 

into the sea, either dead or soon to perish. Except in so far as they may be- 

come food for other species, they may be regarded as a total economic loss.’ 

There is little information on which to base an estimate of the 

weight of the other fish taken with the halibut. Assuming that this 
is only 25 per cent of the round weight of the halibut, about 16,000,- 
000 pounds, it would amount to 2,000 tons waste fish. To conserve 

this for rendering it would be necessary to equip the steamers with 
storage tanks, which, it has been pointed out, would be regarded as 
highly objectionable, owing to lack of space. At the present low 
price which such material brings in the market and the short time in 
which rendering plants would be in operation, it seems quite im- 
probable that the waste produced in the halibut fisheries will come 
to play an important role as a source of raw materials for the manu- 
facture of fertilizer and oil. 

WHALE. 

Whaling from shore stations has been reduced to the extent that 
only two such stations were operated on the Pacific coast territory 
of the United States during the 1913 season. These were the sta- 
tions at Port Armstrong, Alaska, and Bay City, Wash. At the 
former station 186 whales were taken,? which yielded 665 tons of 
fertilizer. At the latter plant about 500 tons of fertilizer and bone 
meal were prepared. The composition of these products is shown 
in Table XVI. 

1 Pacific Fisherman, 12, No. 1 (special), 1914 ef., p. 63. 

2 Bower and Fassett, loc. cit. 
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Since the whaling industry has undergone a large decline through 
the depletion of the number of whales, there is little probability that 
the future will see any marked increase in the production of fer- 
tilizer from whale carcasses. 

In the following table are reported results of analysis of material 
prepared from the waste from the sardine, tuna, and whale industries 
and from dog fish: 

TABLE XVI.—Andalysis of dried fish scrap from fish other than salmon. 

[J. R. Lindemuth, analyst.] 

Phos- 
. Nitro- phoric Mois- Type of fish. Location. gen acid caret Oils. 

(P205) 

Per cent. | Per cent. | Per cent. | Per cent. 
Sardine.........--. Monterey Packing Co., Monterey, Cal..... 7.97 7.11 5. 57 8. 42 
Whale meal....._... Canadian North Pacific Fisheries (Ltd.), 11.59 .94 5. 41 12.70 

Victoria, British Columbia. 
Wihaleiponeymealee is] = 200! oo seoaciac nce soe cts esd saslesosewese cn 3.01 26. 08 2.53 Trace. 
BENITA ee es San Pedro Fertilizer Co., San Pedro, Cal. . 8.54 de2D) 4.21 13. 27 
Borfishe 2.2111) Pacific Products Co., Port Townsend, 12.15 3.59 6.35 7.89 

ash. 
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