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JVeeding, milkweed to stock, experiments... -. BP Rye any ay te ear ene 800} as 

: Some 49-43, 
Hemecsuse omiforestrancess 2 50. 2 7904 45, 50 

Fertilizer— 
ConmtmolWOneercreatlonrancewoOnken. hse ee eed 798 1-2 
industry, survey, bulletin by E. A. Goldenweiser............... 798 1-29 
materials, stocks on hand, 1917 and 1918....................-. 798 16-17 

Fertilizers— 
pirkipemnequinenitenmist yc sete tn. Senge s UNA oct 92) CN) 19 5 
ingredients, imports and exports, 1909 SONG L Memon Ue aber 798 18=25 
mixed, TLC IMIGIGeC me etee.. Set Na rele cenye 48 798 2-12 
PoLatowshudieston munalissooleaace... Maemanune ts ORs ie i: 784 15 
Lod meron UO isan GUE n Ol 2 Ae eee eee eke 798 13-16 
PUM eationsipeKtalmines tos ligt was. - <2 veep ek ee saa 798 26-29 

Field daisy. See Daisy, ox-eye. 
Hs moth, similarity of injury to that of rice moth.........-.....-- 783 DS 1k} 
ire— 

disease, tulip, description and spread. .-=.2.-.:.202%..2.-.-- 797 34-35 
insurance— 

companies, farmers’, plans and practices, bulletin by V. N. 
AV fell OTS Tn eaepeee Meer Ea RCC Sak 1 Lie OMe ee Ieee gs nso a ae 786 1-16 

farmers’ mutual companies, hazards and risks....-.-..---- 786 6-7 
He wee and losses, protection of farmers by insurance companies... 786 6-7, 12-13 
ish— 

cold storage holdings, 1917 and 1918, by months.........------ 792 71-73 
cured, storage holdings, OB one vile Ws See ee eee ee EIS 792 76-80 
frozen, cold § storage holdings, 1918, review. .....-.. Ate dae 792 27-75 
storage holdings— 

LOU eorid tons wloyamomthse ee). eames ee Ina ea 792 80 
1918, and comparisons with holdings in 1917. 792 27-80 

Florida, phosphate rock, production and marketing, OUSeessea ae 798 5-6 
i Flouring mill, products, moisture in, and in wheat, bulletin by 

Jere Shollenberger Pease ny chev EINE Ae) Rin [AAMAS CFR, TRS 788 1-12 
Fly, narcissus— 

deteciion aingl Cominal. 3/5 SU eee; | oS eegeseceoaee sous. 797 33-3 
797 33-34 larayeceim bills destructiometss 2. 2,: ) AM Rees hy Sie pasos 

Flyfish. See Rockfish. 
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annosus, description, and injury to pine trees...........------- 
root, description, and injury to pune Umeest ait a2 2 cere ce Sees 

Food— 
plants, wild duck, sandhill region of Nebraska, improvement. - 
products, storage holdings during 1918 (meats, lard, and fish), 

bulletin by John O. Beles. ©. peeing: Bar i Qelvy ky 
use of potatoes, composition and value, etc...........-.--.-.- 

Forage— 
plantgsseedimevon: forestrancess.... 7 oso ee ee 
range— 

depletion on stock driveways and bed grounds......-----.. 

suitability to different classes of stock. .......,........-.- 
Horem~e, joules am! Storagee se se map: 2. asa eee dae oe a 
Forest ranges, grazing MeLiodstamGdacapacitygye 4 ee 
Forests, National, range management, bulletin by J ames T. Jardine 

qnidiManiceAniderson: oie eee. - eee eee ee tr 
Formalin, solution for treating seed potatoes...................--- 

Howlsicoldtstorace reports, 19Ev 1S e:\- seams ay Ae ee peat gent ie 

Foxglove 

blue, growth habits on ranges, notes... -./..4.25...2...2----- 

sage-yarrow type of range vegetation, value and uses. .......-- 

Frostfish. See Smelt; Whitefish. 
Frozen— 

fish. storage holdings!) (918i revaews ee 8" See. ae Ue ee 
meats, storage holdings, 1918, TepoOrts2 nes 2 wha lesh Ee eee 

Fruits, dried, infestation by rice moth, NOOSA pare eae is ae 
FULton, lab R.., and J. R. WINSTON, bulletin on “The field testing 

of copper-spray COni ime Neier wameeaaE eS Lee ee era 

Fumigation, use in control ie PICEMING th seers sep porte, FS 

Gadwall, occurrence in sandhill region of Nebraska.........------- 
Galactose-sfermentation) im milks 2) 6. sige ney Were eae cea 
Game— ' 

birds, occurrence in sandhill region of Nebraska, food, ete. . --. 
PLOteCHONVONWOrestmraAnGes aa emer eee seine perp ees 

Garrupa fish. See Rockfish. 
Gases, toxic, use in control of peach-tree borer, bulletin by E. B. 

Blakeslee aye sole sels eye © es eae oo Sa Ce LR Bi ay ok 
Ginson, cH notes onjeraimubuge... +. eee 5 - Sar eee eager e 
G Gladiolus, planting depth, OLE ees... SSRs oe ea BER 8 
GoLDENWEISER, HK. A., bulletin on ‘‘A survey of the fertilizer 

LIV CUS EEE. Se eee So eos. MES Sai | Rep R A 
Goose, Canada, occurrence im Nebraska. 2255-222 9-2 -  e- 
Goosefoot, indicator of overgrazing of ranges, notes. ......-.--.----- 
Grain— 

bug— 
bulletin by D. J. Caffrey and Geo. W. Barber... --....--- 

description, damage to food plants, ete..-.-......-----.--- 

GUS GLO MS ee a eo; MNS ee oe Pees 6 9k 
enemileswandicontrolimet bods: - .aeaerre 2 pena re ween 
life history, development and '-habrise 4 set oma eee so Soh 

pressure in storage bins, bulletin by W. J. Larkin. ......-.-..-.- 
Grapefruit, leaves, testing for copper aitemsprayanessee sso) Saree 

Grass, porcupine, an habits amostoracesyalilesm a= eset e ees 

Grasses— 
association with yellow-brush type of range cover. ...-...----- 
wheat, descriptions, growth requirements, and forage value. - - - 

GRAY— 
Dan T., W. F. Warp, and E. R. Lioyn, bulletin on “‘ Fattening 

steers on summer pasture in the South”. ..........--.-.---- 
disease of bulbs. See Mosaic disease. 
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Gymnosoma fuliginosa, parasite enemy of grain bug, description. --- 
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cold storage holdings, 1917 and 1918, by months (and other fish). 
Gceurrence. nature. and food use... ::.. [3a = es 

Hake— 
cold storage holdings, 1917 and 1918, by months (and other fish). 
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erders.sheep, duties on forest ranges... 0.22... 82222 
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Herons, species in sand-hill region of Nebraska..............----- rat 
Herring— 

cold storage holdings, 1917 and 1918, by months...........---- 
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SROCCUIRTENCE. Mavutes aNd USCS. - 452... ee eet eee ee ee ae 
species. See also Alewife. 

Homes, Artuur D., bulletin on “‘ Digestibility of some by-product 
. ” 
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heating for destruction of Nosema aphis, requirements. ....---- 
infection with Nosema aphis, length of time virulent. -.-.-.-..-..- 

- Hoofs, imports and exports value, 1909-1913 (with bones)...-..----. 
Hoolakins. See Euiachon. 
Horas, imports and exports, value, 1909-1913 (with bones, hoofs, etc.) 

orses— 

grazing, adaptability of forest ranges...........--------------- 

poisoning with whorled milkweed, experimental feeding, ete -- 

RABE eM MILeMeNts 1M TOLage. Cleo... - Sees 25 225. ose eee se 
Husert, Ernest £., and James R. Wer, bulletin on “A study of 

HHeROts OL westermawmite pile” 220... 2.4ee slo... 325-2--2 = 
Hunting, spring, shooting of waterfowl in game preserves, results... 
ieee mlantiine depihamote....—...:- eee. . 2. Use - 22-4 oe 

Bulletin No. 

i 

Page. 

790 16-30 
790 60-65 

54-66, 
7914 71-72 
790 PRET 
791 61-66 
790 10-16 
790 46 
794. 31-32 

778 428 

797 1-50 

791 2-54 

794 32 
779 PIED 

792 35-37 
792 37 

792 35-37 
792 35 

792 4] 
792 40-41 
792 4] 

797 13-14 
797 11 
784 6-7 
800 4,7, 13, 39 
783 ea 
791 23-26, 31 
790 51-52, 54 
790 50-54 
794 33-34 

792 42-43 45 
792 76-77 
792 33-35 
792 43 

781 1-16 

780 30-31 
780 39-40 
798 20-23 

798 20-25 

29-32, 41— 
44, 52,53 
8.9, 13- 

800 15, 31, 
33-34, 35 

790 3, 4,8 

799 1-24 
794 7-8 
797 9 



8 DEPARTMENT OF AGRICULTURE BULS. 776—800. 

Hyacinths— 
bulbs— Bulletin No. Daye. 

cleanin and idirying. aor. gee: ae ye eee sense ari 
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Lake salmon. See Trout, lake. 
Lakes, Sandhill region of Nebraska— 
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ProLeciion tromyborers, 1mportamcegess=-= 55244552544 --5- 787 

Longe fish. See Trout, lake. 
Lophodermium pinastri, injury to western white pine, note.......-- 799 
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Mackinaw trout. See Trout, lake. 
Maenesia sulphate, use In treatment of lead poisoning in ducks. ....- 793 
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injury from para- “dichloro penzeucs a... mene eae ee 
kernels, oil-— 

digestion x OSLO EVEN PS eae Sk es 2! aS Se eal see 
RECANASVEMVK RCS eta eee ae eee -. = Sere See Peete 

pe borer, control by use of toxic gases, bulletin by E. B. Blakes- 
er ee es fle een. |. ee ee ee ae 

Peas, erowth and water requirements on typical range soils. ......- 
(Pentatoma) Chlorochroa sayi. See Grain bug. 

Peppererass indicator, value on ranges, notes....--.-..-.---------- 

Phalarope, Wilson, occurrence in sandhill region of Nebraska... ... 
Phosphate, acid, materials used in manufacture...........-------. 
Pilot fish. See Whitefish. 
- Pilz-sucht. ”” See Nosema disease. 

cutting, selective methods for control of rots.................-- 
rots, relation to age, site, and other factors.................-..- 
stands, location of site, relation to injury by rots..............- 
irees rotiniection, relation (0. aces... 2.5522 35.- o.oo ees ee 
Western white,— 

field studies of rots and their control.......-- Se ee ic Bs 
LOSS SBT Yes Re Be 3 5 Hy SA 9 a me EP 
study of rots, bulletin by J ames R. Weir. 

Pegesmeedic func injury, NOt. =; -<).-:... 42 2-2... ~~. 2 Seen gee 2 
Pintail, occurrence in Nebraska... .-.- Beh a oe CIB ns lupe 
Plants— 

duck-food, sandhill regions— 
Nebraska, effect of alkaline conditions, studies. .........- 
iE DEEDS LISS fe eR a ee i eb Sse A 

succession— 
EP ECG ECTS al 10 ea eye a eS Sn el eh 
on ranges, relation of range management, bulletin by Ar- 
ifle \NGISE Nia 0: Ose oa oe eee -- Deen e caper re 

types in successive development on ranges, uses, etc...-...... 
-Plodia interpunctella, injuries, similarity to rice-moth i injuries....-- 
Plovers, species in sandhill region of Nebraska.............-- ces 
Poisoning— 

lead, in waterfowl, bulletin by Alexander Wetmore. ........-- 
milkweed, of live stock, symptoms and remedies.............- 

Poisonous— 
plant, whorled milkweed (Asclepias galioides) bulletin by C. 

Dwight Marsh, A. B. Clawson, J. F. Couch, and W. W. Eggles- 

plants, range, losses from, bibliography, etc....--.----------- 
Pollack— 

cold-storage holdings, 1917 and 1918, by months..........-.-.--- 
occurrence, and nature, note. 

Polyporus schveinitzii, injury to pine (ECCS. sere eke ieee et 

Porcupine grass, range vegetation, consociations and plant succession 

Pork— 
frozen, storage holdings, 1917 and 1918, by localities, and by 
TMS Ie Sepa See ee ee ee > ee ee ee eee 

salt, cold-storage holdings, 1917 and 1918, by localities and by 
FEEVOEAE AWS) cy Sw eS ee NE = coe Ce a 

Ee AnhiereridlinersyAOULGCESS, 2. |. ee. eee es 2 ee ee ee 
Potato— _ 

food Bala and uses. 
tuber and plant structure, lesson for rural schools. ....-------- 

Potatoes— 
harvesting, grading. and marketing, lessons.-......------------ 
importance in food supply of w Orlds Meo kee ates 
insects and diseases, control, and spray formulas. ...-.--------- 

Al: 

Page. 

37, 38, 
791{ 43, 44 

796 13-20 

71-10-12 
781 2-3 

796 1-23 
[Sie 50 

Be a ee 
7814 43, 45 
794 34 
798 5 

799 23 
799 6-19 
799 13-15 
799 6-8, 19 

799 4-6, 22-93 
799 12 
799 1-24 
799 2 
794 95-96 

794 38-40 
794 40-77 
790 86-88 

791 54-66 

791 1-76 
791 254 
733 2,8, 13 
794 30,35 

793 1-12 
800 25-34 

800 1-40 
790 82-88 

792 saan 

792 37 
799 3-4, 14, 23 
: 29-39 
soi 68-69 

792 8-12 

792 «19-25 
798 12°13 

784 1-4 
734 «21-23 
784. 12 

784 6-8 
784 1 
784 19-21, 23 
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Potatoes—Continued. Builetin No. Page. 
judcine "lesson ror numa schoolsees.. Newer ooh. 8 See ee 784 10-12 
lessons for elementary rural schools, bulletin by Alvin Dille.... 784 1. 24 
publications lista 2. ses toe es ce oe Sete = ey nore ee 781 24 
selection in field, lesson for rural schools........-....---.----.--- 784 Ah 
soil preparation, fertilizers, planting and cultivation, lesson.... 784 15-19 
winter storage, lessons for rural schools......-...--..---------- 784 9 

Poultry— 
P : ESA O4, Bay 2D. 

broilers) im coldistorace,wiOI7- 18s ss Ua eee hee eee Ede ae 7764 26 4}, 49 

Coldkstoragemeports: WiQilismme rt). pmp te) y jms terre ays | 776 31-44 
. if PID) BSL Dux 

roastersim coldystorace gm! Oli7—18__. . Saee Gente) Wes ane ee 7 764 236. ae 

Prices, creamery butter on New York markets, 1917-1918, daily.... 776 I 1133 
Priest fish. See Rockfish. 

9 

Primrose, evening, indicator of overgrazing of ranges, notes......--- 791 ey 

Propagation, bulbs, natural and artificial, methods. .............-- 797 23-26 
iPruneykernels soil fromerrecovieryaand USesee 22.25 59a se) ene. 78 23) 
Pumpkin seed, oil, digestion experiments...........-.------------ 781 12-13 

Rafinose, fermentation in milk, studies. ..........- Teale Spel 9 ag 782 NG 
Rails, species in sandhill region of Nebraska........------.------- 794 29 
VAIStMyse Cs Ollanrom reco enya NOLES ee ter een ee Bee ee 781 2 
Range— " 

minsjoecinoin Cleyanulss eyavel ChuReeHNOIN) 555-5555 -5565-ss5e555--s55e- 790 76-82 
management, relation of plant succession, bulletin by Artur 

IWARS Brin SO Ue iat eet t tt Be Renn ao) ie eon eneen I mine eae OrRen oe eens 791 1-76 
MESCCOMM OPM Ct MOU Saas sey Teen yam cena ag:eewet ae mune nan 790 56-66 
TG ershrcliiniledtitrs otter kent e eect time uate” JS vO MeN era gi MULL Oe 790 43-44 
suitability to classes of stock, determination. ...........-.---- 790 3-10 

Ranges— 
STOMMGECOVETESUCCESSTON bys CS neo - eeeee eee  ree 791 2-54 

injury by driveways and bed grounds........--.-.-.-.-------- vat{ eine B 

management on National Forests— 
bulletin by James T. Jardine and Mark Anderson........-- 791 1-98 

Sah : aval Jo), Ue. ats. 
Toul Gataoms: OTs lero eee cee a eae ye eS i pees 790 65, 86, 96 

overerazed, plant replacements, studies._....-.......---------- 791 2-7, 54-76 
reconnaissance and inspection, objects and details..........--- 799 74-82 
HOS CMSs HNOMecc ge oabeass souaes doe Re Reem sisis aeeeoicc 790 3-5, 79 
vegetation development and plant types. ......-------------- 791 2-54 

yp FONG, ISLECTSOMyMASi Ue), =o. Seyret! a)n! SU ERs se ebro oe ee Fie scrph 7774 2, ae 

Recreation, use of forest, protection from grazing stock.......--.---- 799 73-74 
Redheads occunrencesin Wieloras cay a) ae eee ee pe eee 794 26-27 
Reef trout. See Trout, lake. 
Reina fish. See Rockfish. 
eseeding MramcesMimehitod sey erwee ss | Ue mrabe yen sc. Re Letters 799 56-66 
Rice— 

mee : ‘ 1, 2, 5- 
LOW OW MAKKCM sos oa oog se CUES Seu eson Ac aisccsaaee - 7834 ee 

idaxeyiloy lonudllverngatdon lee dale Cima nernGleriees =. 2 oat Bee So 783 1-15 
See also Moth rice. 

Ring-necked duck, occurrence in Nebraska...-.--..-..----------- 794 Zl 
Ring-scale fungus, description, and injury to pine trees. ...--.-.-: TOS ais IG) 2S 
Roark, R. C., and G. L. Keenan, bulletin on ‘The adulteration of 

insect powder with powdered daisy flowers (Chrysanthemum 
UR PE UGA A IAN OE Oe WLS) 2 sess Sar N yl be ROM, See dep ok ae LAE 795 1-12 
OSk— ° 

bass. See Bass, sea. 
cod. See Rockfish. 
phosphate— 

exports: byoreien' counties) 19131918. es see 798 18-19 
prodiichionwand mrarketinesy ONS: ake en eer ye eee eee 798 5-6 

Rockfish— 
cold storage holdings, 1917 and 1918, by months......... pean 792 48,49, 51 
CEcurmenceMmaAtTe can delocallimeamnles! Sasi ane ean ae ee 792 49 
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Bulletin No. Page. 

Eeoamie omlos at Howertme time_.22.-2--.--222----2-2-.-+------ 
Ronco fish. See Croakers. i 
Root, Fomes, description, and injury to pine trees.....---..------- 
Roots, range plants, comparative depth of penetration.........---- 
Rose midge— : 

bulletin by H: R.Sasscerand A... Borden.-_--.------.----- 
control in greenhouses, experiments............-------,------ 
deserption, habits, and distribution. ._..24---2-----+-------- 
injury to greenhouse roses, economic importantce. .--..------- 

Roses, greenhouse, injury by rose midge, economic importance. -..- 
Eoitnorwecazane on forest ranges. 2.2.2.2. Seek be ee t+ 
Rotations— 

“ony SUCRE ye As See ee. cay ea 
PP ORmEG Wile lM PORtANCES] =< ksues..: eee Lo es es ee 

Rots— 
pine, relation to age and site of trees, and other factors......-.-- 
PeeA@cckipions and tunewedusine. 2 3eye ts. 222 - ete 
western white pine, study, bulletin by James R. Weir and E. 
ECHR ig de seo SO ae eee 6 ia Ne eens es 

Rnddvaducts occurrence in Nebtaska....-.. 202 ..-.-2--5+2--.-- ce 
Ruee, Pamir, S. Henry Ayers, and Wm. 7. Jonnson, Jr.. bulletin 

on ‘‘A study of the alkali-forming bacteria found in milk”’..--.-- 

Sablefish, cold storage holdings, 1917 and 1918, by months. ....---- 
Saccharose, fermentation in milk, studies.......-.....------------- 

Sage, sweet, growth habits on ranges, notes...».....--------------- 

Salmon— 
cold storage holdings, 1917 and 1918, by months.......-------- 
cured and mild cured, storage holdings, 1917, 1918, by months. 
cured, storage holdings, 1917 and 1918, by months.........---- 
trout. See Trout, lake. 

Salting— 
Siler oupionest Tamron. amet tia ROS eM ey a ere Oe 
Bleep OleIOrestTAMCeS .. u'02 os. sai ee bed Nee 

Sampson, ArtuHur W., bulletin on ‘‘Plant succession in relation to 
Rese MAC eMC gr er ae mye ese tn ont lS AMgae eee IE arf. 

Sandhill region, Nebraska, lakes, counties, vegetation surroundire, 
Clie pee teem = Pas aaa eel oS | Ape od cede ha Bs 

Sandpiper, species in sanchill region of Nebraska. ......---------- 
Sand-sucker. See Whiting. 
Sasscer, E. R., and A. D. Borpen, bulletin on ‘‘The rose midge” 
Saw-belly fish. See Alewife. 
seaup duck, lesser, occurrence in Nebraska.._........../...----- 

Scooping, hyacinth bulbs for propagation, description.....-.------- 
EAD OUATOM a eA oe) 
Scoring, hyacinth bulbs for propagation, description........------- 
Scorpene. See Rockfish. 
Scorpion fish. See Rockfish. 
Sculpin. See Rockfish. 
Sea arrow fish. See Squid. 
Sea bass. See Bass, sea. 
Sea mink. See Whiting. 
Seed, potato, treatment before planting 

Seeds, vegetable, oils from, and digestion experiments........----- 

Sesame, infestation by rice moth, note 
Shad— 

cold storage holdings, 1917 and 1918, by months (and shad ree’. 
occurrence, nature and importance as food fish 

Shadwater fish. See Whitefish. 
Sheep— 

bed grounds, injury to range forage, studies.............------ 

cmaminemadaptaMiliiye Ol toresi ranges. .-2 28 e os) see sl see se 

co ~J~T ~~ SI Snnnnw 

10211), 23 

2; 4, 

| Ha bo 

DO a 

Cle wood ww 

Q 
1-24 

28 

1=29 

60, 61 
WEIL 7/ 

23°97, 32= 
36, 43 

£2-64, 06 
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Sheep—Continued. Bulletin No. Fage. 
hierdinevpn forestranees. 2. sae... . Soe. | See se 2 
management on the range, control and handling. .........._.. 
PAsbUTEMACres Ce TE QUITE INC TUGS sg: cess =e ee 

poisoning with whorled milkweed, history, and experiments... 

range requirementsan forase, etc... 556. - se seh. ee as oe 
Sheepshead fish. See Butterfish. 
Shipping; ioulbs andspackwieecne: ho... gae ees ee foe ee 
SHOLLENBERGER, J. H., bulletin on “Moisture 3 in wheat and mill 

POLOC ICES nia caegt anc dept e «ae eee | megies ou ee 
Seen spring, evil effects on waterfowl breeding............-- 

ot— 

eating by waterfowl, cause of lead poisoning.-..............- 

waste, danger to waterfowl in marshes. ...............-....--- 
Shoveler: occurrence in Nebraskan.» . some: oo ee eee 
Sizing bulbs, methods and machinery, and advantages..-.-..----- 
Skipjack. See Bluefish; Butterfish. 
Slash, infected, destruction for control of tree rots.........------- 
Smelt, occurrence, nature, and local names._............--....-- 
Smelts, cold- storage holdings, 1917 and 1918, ‘by ma OMG S ie epee ee 
Snipe, Wilson, occurrence in Nebraska. .......-...--.--.----2---- 
Snotkoker, use in culling out diseased bulbs. ............--..-.--- 
Snowdrops, planting depth, MOLEC... 2 ee Eee eee er cpas ys La colle 
ae nitrate, imports from ea 1909- 1918. 
Soils— 

ANG ONION Tho) LobUll MAROON oo ke ooo oS boo kbotesscoeeseeoss 
range types, chemical analys>s, Comparisons’ -2sa-> tee see" hee 

Solomon’s seal, false, indicator of overgrazing of ranges, notes... .-.- 
South, steers on summer pasture, bulletin by W. F. Ward, Dan T. 

Grayevanid yi) Reailoy Gs 25 Seis) Sian (eee OR eee ae 
Spanish flag fish. See fiocieiche 
Sporophores, tree-rot, presence on western white pine, studies. 

USpray,, kerosene) ermulsion’ formula, qe oo. sae sence eee ee 
‘Spraying potatoes for insects and disease, lesson. ......--.-------- 
Sprays, copper— 

field testing of coatings, bulletin by J. R. Winston and H. R. 
Pullitontis sys sac ener Se 2c epee. Nath ee eo Sees = 

POC TSISLEMCE, MeLGNCE Stam OH n a Geyer ts Oe epaeke wu ar yepaee ge 
Squeteague. See Weakfish. 
Squid— 

cold-storage holdings, 1917 and 1918, by months..........-.-.- 
occurrence, nature, methods of catching, and uses........--.- 

Squit. See Weakfish. 
Steers— 

fattening— 

cost in Alabama and Mississippi- - 

on summer pasture in South, bulletin by W. F Ward, Das 
ANS (Grey, enol Oy, 1ets Ilonyolaes 2 EARS Eee eae ch Sse done 

slauehiterda tas comp arisomasemee:. <\see seeae eee eee pee 
“‘Stink-bug.’’ See Grain bug. 
Stock— 

dnivewaysion lores tangese. sa... 9 omeer eer eee nee ee sec eee 
poisoning— 

OV MBNNEXeIS} OMX CONES, GUC as doen ocdassonssossscseeeaanes 
plants, bibliography aR! eR Er oe ae se ares 

Waberin’: andrsal jin on ores fan’ eseneer ee ace ee eee 

See also Live stock. 
Storage— 

bins, grain pressures in, bulletin by A. J. Larkin, jr..-..-..-.- 
cold, reports, season of 1917-18, bulletin by John O. Bell. ..-.-- 
holdings of food products during 1918 (meats, lard, and fish), 

bulletin byijohm@s- Bella wee OSEAN ES ere. Soe eer ee 
potatoes, lesson for rural BEhOOIE... cee tert ats. ek eae mines 

790 00-64 
790 48-55 
790 Dies 

1-4, 8 9- 
800; 12, 17-20, 

26-38 
FOO) 1 3 A Geo 

797 28--29 

788 AD 
794 3-8 

13 5= 
793 9.11 

703. de oeOenil 
794 24-95 
797 20-22 

799 23 
792 62 
792 61-62 
794 30 
797 35 
797 9 
798 19 

797 3-5 
791 49-52 
791 Sao 

777 1-24 

799 15-19 
778 
784 19, 21 

785 1-9 
785 2-9 

792 63-64 
792 64 

v7 6,10,14, 

Tah 1-24 
TES, VERS 

790 50-96 

790 - 82-88 
790 86-88 
a 35-42, 
790 52-53 

789 1-16 
776 1-44 

792 1-80 
784 9 
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Bulletin No. Page. 

Stone bulbs, directions. 2... 2s os 522... Mo ore SP si ek 797 14-18 
Prep measaneena ports, (000-1 ONae-. es. Rs a ocean en oe 798 25 
Sulphuric acid, materials used in manufacture. .........--------- 798 4-5 

Tailor fish. See Bluefish. 
Tarweed, indicator of overgrazing of ranges, notes.............-..- 
Teachers, suggestions for lessons on potatoes, surveys and home 
POURS. Coa ee ee eee Ae ie eee 

Teal, species in sandhill region of Nebraska.............----- Pathe 
Telenomus ashmeadi, parasite enemy of grain bug, description... . - 
Tempering wheat, methods and results on moisture content... -.. - 
Tennessee, phosphate rock production and marketing, 1918. ......- 
Terns, species in sandhill region of Nebraska...............---..--- 
Pica direk- poisoning: investigations. .... 22 sse-.- 6. io seek e ess 
(histles. spraying for erain-bug control......5.2....-...-----+-:--+- 
Timber, protection from injury by grazing stock..............----- 
ornsenlue im contrel oferaim, bUGs 5. ......- sfesaess scene danebad-cn 
ebaceo dist. use against rose midge:........2ee.... 0.2. so. eae sees 
Tomato— 

Beed= oil trom’, digestion experiments: 2. ~~ 6... 3-o8eese-n - 
MECH SOUeIrOMy TCCOVELY == 02.5.5 3~ <= Speer ine te wk evoke 

Tomcod fish. See Rockfish. 
Tongue fish. See Trout. lake. 
Toxic gases, use in control of peach-tree borer, bulletin by E. B. 
LP PIERS BE. Lg eh RI RT EN. Side ope ed 

Trails; relation to spread of whorled milkweed............--------- 
PMs Penney. tO; Pine tees ~. eo. 2. eee see ee He 
Tree. injuries, relation to infection with fungus rots........--.--.--- 
Treefish. See Rockfish. 
Trees, injury by fumigation with para-dichlorobenzene...........-- 
Trout— 

lake— 
cold-storage holdings, 1917 and 1918, by months.......-..-- 
ocemmrences and! localimames?: =... 8). 2222 tee ie 

- See also Weakfish. 
Tuladi fish. See Trout, lake. 
Tulip— 

pribowecleamine and dnyime 5-20-22... 222s. ee de le eline ee Se - 
Sebamu Rta eben OUEG!: Seen o. Goa . «ap MMe ale pe apiece te eat ool 

Tulips— 
fire missense: descripiionand Spread _.2...<-. 2-2-0522 <-- 2-2 $<: - 
growing in United States (and hyacinths and narcissus), bulle- 

tin by David Griffiths and H. BE. Juenemann.......:......-- 
AERO MIAO STA CHOISCARC yee scr e . <. ee Ne wa sto ay aces PEA oe 
PRESALE Mi al Lent OWeTIM Osea pyc ois. css eae Sos fesier= ecient nice 
BeAMCiieS- licitandugdescrpilONs: 5"... 2986 se sec le Lone tee 

itunkeys, cold-storage reports, 1917-18.......22..12.-2-24.022--2. 02. 

Piiaumonck pormonime investigations...) Fake oct sn 

VaueGREN, V.N., bulletin on ‘‘ Prevailing plans and practices among 
farmers’ mutual fire insurance companies” .......-.-..----------- 

Vegetation, development stages and plant types on ranges.....---.-- 
Velvet-top fungus, description and injury to pine trees.......------ 

Violet, tongue-leaved, indicator of overgrazing of range, notes... -.- 

Virginia— 

fae pono wall eMOLeR ee << 2 syns. Pe <= 5 0s eee sees 

locust stands, natural growth, freedom from borers. ...--.--.--- 

Warp, W. F., Dan T. Gray, and E. R. Lioyp, bulletin on “ Fatten- 
ing steers on summer pasture in the South”................------ 

Miasime tone ul bj erowaUre cod crc. 4 ciate oii os eis clones 5 

791 45, 46, 48 

784 2-94 
794  - 23-94 
779 28°31 
788 2-3, 6-10 
798 5,6 
794 32-33 
793 2 
779 32 
790 6, 66-70 
i eae 
778 6-8 

781 14-15 
781 2 

796 1-23 
800 7,8 
799 3,15, 23 
"a9. 2). 18-15 

796-1522 

792 4445-46 
792 45 

797 19 
797 9,10 

197 34536 

797 1-50 
797 36, 45-46 
797 10,11 
797 41-46 

af OL; 30, 00 
178) 39°41, 43 

793 2 

786 1-16 
791 2-54 
799 3-4, 14, 23 
(24 87.38, 
7914 0, 43, 44 

9 

797} grad. 

787 35 

E 
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Waterfowl— 
breeding grounds in Nebraska— 

LOGAITODG CLG. A ert a eee ae: Reema © S 20d Mire NR Dee, eee 
number of lakes and location, protection investigations. . - - 

decrease in numbers, relation of drainage of marshes........... 
Federal protection, effect on increase in number.............-. 
food plants, etc., publications of Department ...............-.. 
huntimenimeNepraskare| Gils conditlonseass 2-22 se oss - 8 aes 
lead poisoning— 

bulletin by Alexander Wetmore............ 2: See ered ee 
TDMMATS NES ASTOR y seeteee ene rec.” UN tees 2 eeme pce meme ay 
AVI PLOMS SPCCLES eetces se 9222. ee me ele 0 SERN 

Nebraska— 
niinral and humin enemies. spring shooting, control, etc... 
sandhill region, and their food plants, bulletin by Harry 

C2 OberholseniandaWeal MicAeew.) a teen ae ae 
protection increase by migratorv-bird law...........----.------ 
sandhill region, Nebraska, conditions affecting future....... a8 
shooting— 

Tin) EHUNTMBTMAL, COMMOUNIOINE CONMEMMUNS 5-5 55525555n650esesee 
IMIS pLINe = evil eiectstonspmee din pepe. sh os. ee ee ne oe 
in spring, reduction by migratory bird law.........------ 

Watering— 
GattleronntOrest an Ses. sre a cue, Seen cee is, See mate eae 
SMES WLOMeM eS taram Cesp yams oti ot bus aeeeenn Ur cen eae OE ee 

Watersheds, protection from grazing stock.....-...-.-------------- 
Weaktfish— 

cold-storage holdings, 1917 and 1918, by months.........---..- 
occurrence, nature, value, and local names._.....-....-.-.---- 

Weeds, ruderal, range vegetation, consociations. and plant ota 

Wer, JAMes R., and Ernest E. Huserr, bulletin on “‘A study of 
he LOfsyOnewiesterm swilnithe joe uae em Ue een peterson ys ae 

Wetmore, ALEXANDER, bulletin on “‘ Lead poisoning in waterfowl”’. ? to) 

Wheat— 
grasses, range vegetation, consociations, and plant succes-ions. . 

growth and water requirements on typical range soils....---.-.- 
LMOTISS | PN MGHMIOV IMG MNO NN. | oo See seolne sens poe ee Son adewecs se 
milling, gains and losses, relation to moisture content......-.--- 
moisture— 

content, and of mill products, bulletin by J. H. Shollen- 
| SYS) G2 PAA ee Oe ented ind cdi. 6 Saber ai ehin a ia ae est 

requirements for milling purposes._.........-------------- 
pressure in bins, determination, formula_-_....:...-.-.-------- 
tempering methods, and results on moisture content. .-....--.- 

WHITE— 
G. F., bulletin on ‘‘Nosema-disease ” 
pine— 

western, study of rots, bulletin by James R. Weir. .......- 
See also Pine, western white. 

weed. See Daisy, ox-eye. 
Whitefish— 

cold-storage holdings, 1917 and 1918, by months...........-.-.-- 
occurrence, species, value, and local names...........-------- 

Whiting, fish, cold-storage holdings, 1917 and 1918, by months....-- 
Willet, Western, occurrence in Nebraska.::......:.-.--.+-2::----- 
Windstorm, insurance, farmers’ mutual companies, losses, etc. - - - - 
Wivsron, J. R., and H. R. Furron, bulletin on ‘‘The field testing of 

COpper-epray (coatings Se ts eee. ee eee erty. 

Yarrow, growth habits, indicator of overgrazing of ranges, notes... . 

Yellow brush, range vegetation, consociations and plant succession. 
Yellowfin. See Weakfish. 
Yellow-legs, lesser, occurrence in Nebraska........-..------------ 
Yellows, disease of hyacinths, description, detection, and control.... 

C) 
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794 3 
794 9-3 
794 1-2 
794 3-4 
794 79 
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INTRODUCTION. 

Ae BULLETIN is the second of a series of reviews of the 

storage reports of the Bureau of Markets. The first of 

the series was published as U. S. Department of Agriculture 

Bulletin 709, entitled “Reports of Storage Holdings.” It gave 

a summary of the work of the Bureau up to January 1, 1918, 

and reviewed the cold storage season of 1916-1917 for apples, 

butter, American cheese and case eggs. It also reviewed the 

previous year’s reports on the storage holdings of frozen and 

cured meats. The present bulletin reviews the season of 1917- 

1918 for apples, creamery butter, packing stock butter, Ameri- 

can cheese, case eggs, frozen eggs and frozen poultry. The 

storage holdings of frozen fish and frozen and cured meats 

during 1918 will be reviewed in a separate bulletin which will 

be issued as soon as possible. 
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REVIEW OF THE 1917-1918 SEASON FOR COLD STORAGE OF 
APPLES. 

The first report of the 1917-1918 season showing the hold- 
ings of apples in cold storage was issued for October 15, 1917. 
The total holdings as reported by 467 cold storage ware- 
houses amounted to 1,106,977 barrels and 1,178,215 boxes. 
This was 7.1 per cent less than the amount stored on the same 
date of the previous season. If we consider three boxes the 
equivalent of one barrel it will be observed that 75% of the 
stock in storage at this time was packed in barrels. On Octo- 
ber 1, 41.3 per cent of the barreled apples had been stored; 
36.8 per cent were stored during the latter half of October; 
17.8 per cent during the first half of November and 4.1 per 
cent during the last half. The storing of the barreled apples 
was practically completed by December 1, when the total 
holdings amounted to 3,368,251 barrels. 

The movement of boxed apples into cold storage was much 
slower and extended until January 1. The holdings on Octo- 
ber 15 represented only 24.2 per cent of the total amount. 
stored; 18.4 per cent went into storage during the latter half 
of October; 45.5 per cent during November; and 11.9 per cent 
during December. The holdings of boxed apples in the great 
producing section of the Northwest, however, reached the 
highest point on December 1, thus showing the large percent- 
age that was shipped to Eastern storages and the delay in 
shipping owing to transportation difficulties. All other sec- 
tions showed the largest quantities in storage on January 1. 

Table 1.—Cold storage holdings of apples at the peak load of the 

1917-1918 season. 

Barreled apples. Boxed apples. Combined in barrels. 

‘ Per- Per- Per- 
‘Section. Stor- cent- | Stor- cent- | Stor- cent- 

ages Total age of| ages Total age of| ages Total age of 
report-| holdings. | total |report-| holdings. | total |report-| holdings. | total 
ing. hold- | ing. hold- | ing. hold- 

ings ings. ings 

Num-| Barrels. Per | Num-| Boxes. Per | Num-| Barrels. Per 
ber. cent ber. | cent. | ber. cent 

New England........ 25 162,225 4.8 19 61,160 1.0 27 182,612 3.4 
Middle Atlantic. ..... 124 829,538 | 24.7 66 | 1,071,474 |} 18.4 124 | 1,186,696 | 22.4 
South Atlantic........ 59 819,765 | 24.3 45 108,731 1.9 60 856,009 | 16.1 
North Central (E).... 110 839,207 | 24.9 79 905,508 | 15.6 112 | 1,141,043 | 21.5 
North Central (W).... 84 475,639 | 14.1 92 749,015 | 12.9 92 725,311 | 13.7 
South Central........ 53 241,836 UP 78 520,220 9.0 78 415,242 7.8 
Western (N)......... 3 0 0 39 | 1,171,599 | 20.2 40 390,533 7.4 
Western (S).......... 2 41 (0) 39 | 1,219,736 | 21.0 41 406,619 fork 

AR otelisss dtc 460 | 3,368,251 |100.0 457 | 5,807,443 |100.0 574 | 5,304,065 }100.0 

Table 1 shows the boxed apple holdings of January 1 and 
the barreled apple holdings of December 1 segregated by sec- 
tions and also the boxed apple holdings of January 1 reduced 
to barrels and combined with the barreled apple holdings of 
December 1. This shows a total of 5,304,065 barrels, repre- 
senting the peak load of the 1917-1918 season and approxi- 
mately all apples placed in cold storage during the season. 
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The Bureau of Crop Estimates estimated the total season’s 
crop of apples to be 58,203,000 barrels and the commercial 
crop to be 20,959,000 barrels. It therefore appears that 9 per 
cent of the total crop and one-fourth of the commercial crop 
was placed in cold storage. 

Figure 1 shows the relative monthly holdings in cold stor- 
age compared with the peak load of December 1. It also 
shows graphically each month’s holdings divided into bar- 
reled and boxed apple stock. The increase in the holdings 
of boxed apples during December made the decrease in the 
total stock very small, only 2.2 per cent being distributed dur- 
ing that month. The decreases during January, February, 
and March were about normal but during the month of April 
21.7 per cent of the total season’s holdings were disposed of 
as compared with the average of 14.6 per cent during this 
month in the three preceding seasons. ) 

Table 2 shows the percentage of the December 1 holdings 
in storage on the first of each month in each section. 

Table 2.—Monthly percentages of holdings of apples in cold storage during 

1917-1918 season. 

[Based upon December i holdings. ] 

i Oct. | Nov. | Nov. |. Dec. | Dec. | Jan..| Feb. | Mar Apr.| May | June 
Srenon. 15 V1 45 1 15, 0) Saha 1 1 

New MAGIC os boo oc SHO) 33256019) LOOLON MOS: an 1OSsties45>. 1oa.2 14556 tongs QE 
Middle Atlantic...... 29.6 | 61.9 | 82.9 |100.0 |104.2 |108.4°:| 83.6 | 56.2 | 37.5 | 15.1 3.9 
SouthvAdlanties sess 59.2 | 91.9 |101.6 |100.0 | 71.5-| 84.5 | 67-6 | 43.5 | 26.8 9.1 1.0 
North Central (E)....| 31.7 | 65.4 | 88.7 |100.0 104 1 )104.3' ] 90-6 | 65.0 | 45.2 | 21.2 (haat 
North Central (W)....| 38.8 | 77.5 | 94.7 |100.0 )101.1 | 96.9 | 83.0 | 55.3 | 34.4 | 12.8 DB 
South Central........ 30.3 | 71.2:|97.3 |100.0 | 94.2 | 88.8 |} -83.0 }753.8 | 29.8 | 12.7] 2.0 
Wiesterni (Ne oamuee 41.0 | 64.6 | 93.8 |100.0 | 81.2 | 76.6 | 72.5 | 56.9 | 26.8 5.8 0.9 
Wes tenni(S) heen nee 47.7 | 80.2 |100:6./100.0 | 89.5 |113.2 | 93.3 | 66.9 | 45.6 | 21.7} 3.7 
United States........ 37. 70.5 | 91.4 |100.0 93.9 | 97.8 |-82.2-| 56.7 | 36.3 | 14.6 3.4 

eS ‘ 

Table 3 shows the same data for the barreled apples and 
table 4 shows the percentage of the January 1 boxed apple 
holdings in storage monthly. 

Table 3.—Monthly percentages of holdings of barreled apples in cold 

storage during 1917-1918 season. 

[Based upon December 1 holdings. ] 

| | | | | | | 

(oe) i St ; ;.-| Nov. | Nov. |"Dee. | Dec. | Jan. | Feb Mar. | Apr. | May | June 
Secu On ish ya 15 oa ates 1 1G 1 1 1 

New England........| 4.2 | 26.4 | 67.2 |100.0 \104.5 {103.4 |] 81.2 | 53.3 | 40.7] 14.0} 2.5 
Middle Atlantic...... 84.6 70.4 2917 1 100.0))| 9278118682) 6320)) 42.1 | 25.8 1) 2925) 3.2 
South Atlantic........ 61.2 | 94.1 |102.9 |100.0 | 69.8 | 82.9 | 66.2 | 42.8 | 25.7} 8.0} 0.7 
North Central (E).... 7,1.| 73.9 | 92.9 |100.0 | 98.4 | 93.1 |-80.1 | 57.7 ) 41.1] 19.9} 7.4 
North Central (W)....| 49.6 | 90.8 |103.1 |100.0 | 93.6 | 85.4.| 73.2 | 48.6 | 28.0 9.9 1.4 
South Central........ 37.9 | 86.5 |104.2 |100.0 | 84.9 | 71.9 | 56.9 ; 83.1 | 15.5] 4.4] 0.5 
Western (N)+........ 0 0 0 0 0 0 0 0 0 0 .0 
Western) (S)Sc5) le 0. 0 0 0 0 0 0 0 0 0 .0 
United States........ 41:3 | 78.3 | 95.7 |100.0 | 88.4 | 86.9 | 70.0 | 47.2 | 30.0} 11.9 3.3 

| | 
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Table 4.—Monthly percentages of holdings of boxed apples in cold storage 

during 1917-1918 season. 

[Based upon January 1 holdings. ] 

| Oct: | Nov.', Nov.) Dec. , Dec. | Jan. Feb. Mar:; Apr) | May ; June 
Section. 15 ih Caalisheat| iemanieg Washes |) Weal 1 i) hawret 1 | 

New England........| 1.4 | 21.8 | 48.9 | 62.0 | 82.5 |100.0+| 85.3 | 53.2 | 50.2 | 32.3 2.9 
Middle Atlantic...... Peal Gee LOS 46 | 76.8 |100.0 | 95.7 | 64.5 | 44.8 | 19.6 3.4 
pouthvAtlanticn a. sc. 16.2 | 39.3 | 63.0 | 85.3 | 97.5 |100.0 | 82.0 | 49.4 | 41.6 | 26.2 5.3 
North Central (E). 3.5 | 18.0 | 44.7 | 66.6 | 85.3 |100.0 |-89.9 \G3u5 | 40e | 0728 3.7 
North Central (W).. ofp til. al | 36.3 | G28) |) fail | 97.7 \100.0 | 85.4 ) 61.0.) 40.0 | 16.0 3.1 
South Central........ 12.0.) 31-6 3.2 | 75.1 | 81.3 |100.0 | 99.3'| 69.5 | 42.5 | 21.0 3.6 
Western (N)......... | 53.5 | 84.3 |122.4 |130.5 106.0 |100.0 | 94.6 | 74.3 | 35.0 7.6 1.3 
WWiesternn(S) mem sec. 40.2 | 69.6 | 87.1 | 88.2 | 81.2 |100.0 | 82.7 | 59.5 | 40.4 } 19.2 3.4 
United States........ 24.2 | 42.6 | 66.1 | 82.9 88.1 |100.0 | 88.9 | 64.5 | 40.4 | 16.6 3.0 

Figure 2 shows the percentage of the December 1 apple 
holdings reported monthly to the Bureau of Markets for four 
seasons. The maximum holdings of each season occurring on 
December 1 are taken as a basis for each season’s percentages. 
Table 5 shows the actual holdings reported on December 1 
each season in barrels and boxes and the percentage of in- 
crease or decrease in holdings over the previous season. It 
also shows the percentage of the stock that was packed in 
boxes. 

Table 5.—December 1 holdings of apples in cold storage. 
\ 

| | Increase 
Percent-| Combined or 

Storazes| : age holdings decrease 
Year. report- Barrels. Boxes. packed expressed over 

ing. in boxes.| in barrels. | previous 
| season. 

| | Per cent. Per cent. 
TS): Bike eee eee Rom ears tape 340 | 3,347,050 4,143,306 29.2 4,728,152 
CTD IES cares oa Spat op Ns th hese ae se SGM 4)213,203 | 3,684,557 22.6 5,441,389 |+13.5 
LOM Gee eer. wee a erences tame ee 520 | 3,166,301 3,977,227 29.5 4,492,043 |—32.6 
Teed Ge NE aak eee 552 3,306,037 | 4,574,076 31.6 eee) ya eat 

Tables 6 to 8, inclusive, show the movement of apples to and 
from storage for the four seasons for which the Bureau of 
Markets has compiled data. In these tables the figures repre- 
sent the percentages of the December 1 holdings which were 
placed in or removed from storage during the different months. 
The only exception to this rule is in the percentages showing 
the movement of boxed apples from storage during the season 
of 1917-1918. These are based on the holdings of January 1, 
as the peak load of boxed apple holdings for this season oc- 
curred on that date. 

Table 6.—Monthly percentages of increases and decreases in cold storage 

holdings of apples. 

| Per cent of increase. Per cent. of decrease. | pal 

Season. |Before | 1 @) 
Oct. Oct. | Nov. | Nov. | Dec. | Jan Feb Mar. | Apr. | May hand 
15 16-30 | 1-15 | 16-30 June 1. 

OTA TOTS Pi twee ses | Pay een | eee oll ee cma LOR ee OM eT Aes 9.1 2.3 
LOTS = TO UG 2 Ase Sealants metas lice rome era cecetee 12-0 | 14:7 | 20.1 | ZO RO PUGH aah 9 4.6 
1916-1917 38.1 | 36.4 | 20.0 DON LL ORA a) BUS say oon |e en Me | eal eed: 5.1 
1917-1918 36.3)! 34.0) | 21-38 8.4 BON WB Daj i) BO). Qe eet Te 3.4 
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Table 7.—Monthly percentages of increases and decreases in cold storage 

holdings of barreled apples. 

Per cent. of increase. | Per cent. of decrease. Bal- 
ance 

Season. Before | oO 
Oct. | Oct. | Nov. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr May | hand 
15 | 16-30} 1-15 | 16-30 : une 1 

NOTAZIGIOT oe.  ratehore. O41 laseia wise pater arene Wo |) Ws |) Bale i Bey |) BS 8.4 2 
TGS BS eal eae as [Soto alloc aaculle bem ee UA], |) abe | I) ©} 20.48 |) i778) | 3.8 
1916-1917 42.2 40.7 | 15.9 TP day TEM ARSC |) SG |) DEN aC) ata} 5.0 
1917-1918 AIC 3 | 36-8 18 Ail selene Loeg | Ppjats) | UA || IMS}, i 8.6 3.3 

Table 8.—Monthly percentages of increases and decreases in cold storage 

holdings of boxed apples. 

Per cent. of increase. Per cent. of decrease. | foe 

Season. Before| | | | lo 
Oct. | Oct. | Nov. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | band 
15 16-30 | 1-15 | 16-30 | |June 1. 

NG TA=NOUG eho Lk Sono ni \5 hoses > ee ee OiC|) Mikes) Res I) 2B | ey |] lil ©) 5.4 
TOTSOUOIGy “hese \ooeoue lenedetereus Wyiecserere il Sy) AS) |) ADE) || eye al) EE (of) alakets 6.9 
1916-1917 29.1 | 25.7 | 29.6 | 15.6 01 8.3 | OE) Peso al | Woes |) ey, a 5.2 
1917-1918 2422) S74 2325" 2220) |--Lr 9) 11.1 | 2404 | 24.0) 2358) | 13si6 3.0 

REVIEW OF THE 1917-1918 SEASON FOR COLD STORAGE OF 

CREAMERY BUTTER. 

On May 1, 1917, the beginning of the 1917-1918 season, 
the total holdings of creamery butter as reported by 304 cold 
storage plants amounted to 2,695,473 pounds. This was about 
one and one-fourth more than was held at the beginning of the 
previous season. The movement into storage was much slower, 
however, than in the preceding season as by June 1 there was 
only one-fifth more and by July 1 there was 17.1 per cent less 
than on the same dates the previous year. The August 1 hold- 
ings were 20.5 per cent less than in 1916-1917 but by Septem- 
ber 1 the difference was only 10.6 per cent and on the first of 
October they were only 3 per cent less. There was an increase 
of 76,952 pounds during the month of September as compared 
with a decrease of 8,192,630 pounds during September of the 
previous season. 

The holdings in the Western North section reached their 
highest point in August and in the Western South in Septem- 
ber. The holdings in the North Central West section were the 
largest in September, while in the Middle Atlantic States the 
maximum holdings occurred on November 1. The monthly 
decrease was most rapid in the North Central West and West- 
ern South sections, while the decreases in the New England, 
South Atlantic and South Central sections were the slowest. 
These increases and decreases probably occurred earlier in the 
producing sections and later in the consuming sections on ac- 
count of the shipments from western to eastern storages. 

The largest quantity reported to the Bureau of Markets at 
any one time during the season was 106,475,760 pounds, rep- 
resenting the holdings of 404 storages on October 1. An esti- 
mate of the holdings of the storages not reporting for October 
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1, based upon their holdings for other months, would increase 
this amount to approximately 108,750,000 pounds. 

Table 9 shows the total holdings of that date segregated by 
sections and a comparison of the holdings of 332 storages with 
the amounts they held on the same date of the previous season. 

Table 9.—Cold storage holdings of creamery butter as reported on 

October 1, 1917. 

Reported for October 1, 1917. Comparison with October 1, 1916. 

Stor- 
Section. Stor- Percent-| ages 

ages Holdings age of | report- | October 1, | October 1, |Increase 
report- reported. total ing on 1916. 1917. or 
ing. holdings.| both decrease. 

dates, 

Number Pounds. Per cent.| Number. Pounds. Pounds. |Per cent. 
New England.. 31 24,670,458 3} 7) 27 25,044,351 22,802,188 |— 9.0 
Middle Atlantic. - 97 32,362,904 30. 3 82 30,883,321 | 30,777,908 |— 0.3 
South Atlantic........ 36 2,094,113 2.0 24 1,475,272 1,630,806 |+10.5 
North Central (E).... 70 28,824,677 27. 1 54 27,359,933 24,233,900 |—11.4 
North Central (W).... 61 11,899,834 il 56 ~ 8,915,165 11,571,681 |+29.7 
South Central: -...... 41 1,584,998 iL 553 36 1,268,628 1,576,298 |+24.3 
Western: (N)ip2 eee 33 1,807,300 il 7/ 26 1,930,854 1,649,556 \—14.6 
Wresternt(S)l ener 35 3,231,476 3.0 27 3,644,049 3,214,539 —11.8 

AO UaE shai iebate- ses c 404 106,475,760 | 100.0 332 100,521,573 97,456,876 — 3.0 

This comparison, however, does not show the comparative. 
amounts stored in the two seasons. The peak load of the 
1916-1917 season occurred on September 1, while in the 1917- 
1918 season the largest quantity was held on October 1. If we 
compare the holdings of the 275 storages reporting for these 
two dates they show 106,113,839 pounds on September 1, 
1916, and 94,712,624 pounds on October 1, 1917, a decrease 
of fall A401, 215 pounds or 10.7 per cent. 

Figure 3 shows graphically the holdings of each month com- 
pared with those of October 1 for the seasons of 1916-1917, 
1917-1918 and a ten-year average of the reports of the Asso- 
ciated Warehouses. It will be observed both there and in 
table 10, which shows the monthly increases and decreases, 
that the greatest increases were made during. June and July, 
72,538,825 pounds or approximately 78 per cent of the total 
holdings being stored during these months. 

Table 10.—Monthly and semi-monthly cold storage holdings of creamery 

butter as compared with previous reports. 

Comparative holdings. 
Storages p z 

Date reporting. Current Preceding Increase or decrease. 
report. , report. 

Number. Pounds. Pounds. Pounds Per cent. 
H fb bel eyan oa Mer nas. i ides Me Be ett 235 8,436,079 2,698,017 | + 5,738,062 +212.7 
Ufa GX Yea) Bo oe rn ete Rea ae ONES er 254 22,581,838 8,507,640 | +14,074,198 +165.4 
Arh se: al seta sree He eet een rele meghen. ce os ues 271 46,631,533 23,224,309 | +23,407,224 +100.8 
VALLEY Wel ted tates pena ateaia corseraies Coronel shad 241 64,525,601 47,497,334 | +17,028,267 + 35.9 
ASUS Gilde oon Reeder bcc oe ra uN a 261 84,101,347 66,072,211 | +18,029,136 +.27.3 
September 2) wi wasenie ghaeiee 294 98,683,757 86,235,920 | +12,447,837 + 14.4 
Mectobers lene seed aw Meiehaae keene 320 98,749,922 98,672,970 | + 76,952 + 0.1 
November lene) se hh ae eek 357 98,886,972 | 105,253,730 | — 6,366,758 — 6.0 
IDEcember ieee chee eee nse 354 77,219,724 97,211,996 | —19,992,272 — 20.6 
aT Uarey eRe ME TY HN co) ea 337 46,956.949 74,711,024 | —27,754,075 — 37.1 
MeDruUALy, meats eee aie. eaicta neat 343 22,249,328 43,191,036 | —20,941,708 — 48.5 
Marcha iia cusronys.bstenne stereeiane tats 357 18,034,428 26,160,246 | — 8,125,818 — 31.1 
UNyo) oS) Wee a oar ern HR ral une iAlS 360 14,581,614 19,075,492 | — 4,493,878 — 23.6 
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Table 11 shows the percentages of monthly increases and 
decreases for this and the past season compared with a ten- 
year average compiled from the reports of the Associated 
Warehouses from 1907 to 1916, inclusive. 

Table 11.—Monthly percentages of increases and decreases in holdings of 

cold storage creamery butter. 

Per cent. of increase. Per cent. of decrease. 
Date. 5 Rae EESIRH] SeMIRE AGRE NE OAS 1 RTS ae 

April | May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. | Jan. | Feb. | Mar. 

Assoc. Whse.! . 6.9 3.7 | 43.8 | 38.8 | 11.8 0.2 | 13.0 | 15.0 | 24.6 | 16.1} 12-4 8.7 
1916-1917..... ooaleal 5.6 | 45.4 | 44.7 3.2 7.8 | 14.5 | 18.6 | 17.2 | 14.4 | 13.2 8.7 
1917-1918..... 3.0 6.3 ! 38.8 | 38.8 | 13.0 ) +0.1 Gok | Se 7 S04 2220 6.8 2.0 

1 Reports of Associated Warehouses, 1907 to 1916, inclusive. 

In this connection it is interesting to note the comparative 
exports of butter during these two seasons as shown in table 
12. These data were compiled from the reports of the U. S. 
Department of Commerce. 

Table 12.—Monthly exports of butter during the distribution of the cold 

storage stocks of creamery butter for the seasons of 1916-1917 and 

1917-1918. . 

Month. - 1916-1917. 1917-1918. 

Pounds. Pounds. 
(Ola 90) of na oad Cah as BER OM EGE OB Or Os BOS sO OCIS ORG CO oer no aan 8,065,203 275,017 
INGVEM DER a cterckirees cose 5 Tee ee eel neva deatyrey Se RE pel oT orca ae EO aa eed eae 4,580,020 262,800 
December ys tere ee elon ate ee ees PLO Ar Acai Peete tLe is eee pcan aca 2,298,548 1,348,740 
EN OLDE ATonS © Seep eaRLAIE Boe anise bacon cic: meena one eeerer or esiGee Bens sa0a, toon ey erenie tere anon 1,888,825 4,195,551 
RG ISEUAT IY eer soe ees ae te SSIS ee ee AE Repay cle IEAM honese hab eteaeues 296,062 821,421 
VEAT CIS ee. eet ch ASIN cpetapenn aicclapel els eMart fete ease oh Gay <peu smemeLauehenegal sic seats Scat 487,386 4,309,478 
{sath oacct ne a iach GAL Een See oO DO ae cam tino Oates ple eee 371,519 3,636,006 

TRO ballet aiuee\c Sies ee eee SAN o ee ea | 17,987,563 14,849,013 

On June 1 there were 9,010,869 pounds in cold storage and 
during the months of June and July the increases represented . 
77.6 per cent. of the total holdings or 77,471,798 pounds. The 
Producers’ Price-Current showed a range of prices for “cream- 
ery firsts” of from 36 to 41.5 cents per pound on the New York 
market during June and July, the average during the period 
being 38.16 cents per pound. From October 1, 1917, to March 
1, 1918, the total holdings were reduced by 84.7 per cent or 
87,667,457 pounds. The selling price of ‘‘creamery held firsts”’ 
on the New York market during this period ranged from 49.75 
to 47 cents, the average being 44.02 cents per pound. 
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Table 13.—Daily prices of cold storage butter on New York market during 

season 1917-1918. 

Compiled from The Producers’ Price-Current. 

[June and July prices for “‘creamery firsts ;” other prices for “‘creamery held firsts.” ] 

June, 1917. July, 1917. | Oct., 1917. Noy., 1917. | Dec., 1917. | Jan., 1918. | Feb., 1918. 

| Date. Low. | High. } Low. | High. Low. | High. 

Cents | Cents 
42. 43.25 

41.75| 42.75 

41.75) 42.75 

Cents | Cents 
1 1 

36.25] 37.25 

36.75] 37.75 

40.75} 41.75 

SlolelolSlElSlololalolalmlelwle 

36.25| 36.75 1 3 
36.5 | 37.25| 37.75| 38.5 40.75| 42. 

17] 1 38.25 40.75| 42. 
18] 36.75| 37.5 38.25 1 
19] 36.75| 37.5 38.5 40.75| 42. 
20] 37. 38.75 40.75| 42. 
21] 3 75| 39 40.75| 42. 

22| 37.5 | 38.25 1 42. 

23] 38 5 | 39.5 42. 
24] 1 .25| 39.25 42. 

25| 37.75| 38.75] 38.25] 39.25 1 
26| 37.5 | 38.5 75| 38.75 42. 
27| 37 38.75 42.5 
28| 36.75| 37.5 38.75 42.5 

29] 36 1 3 
30| 36 39.25 42.5 
Sil on De 38.5 | 39.251 42.25] 43.251......|...... 

a 38.26 | 38.31 | 43.25 41.72 | 43.58 | 46.25 | 46.08 [a 

1 Sunday. 2 Holiday. 3No quotations. 
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Table 14.—Cost of ‘‘creamery firsts” butter placed in cold storage during 

June and July, 1917, if bought at New York market prices. 

Percent- | 
age of Total Price | 

Date. . total moved into per | Cost. 
holdings. storage. pound. | 

Per cent.| Pounds. Cents. | Dollars. 
ASE CASE IERIE) ais On A Sapters NE Ber iieca Hepcnae aee NOTE Ae nate hates 14.8 15,758,412 | 39.07 | 6,156,812 
ARUBA GIIGERLOS Sees Bc. or San erie esperar CLM MI ar Oe er caren ee 24.0 25,554,182 | 37.40 | 9,557,264 
JG yapl NS Ste Petry Pe ibaa ar eee Me rae 20.1 21,401,628 | 38.18 | 8,171,142 
July G=S OMe are ee ay eee ey ah 9 nr EIU hy ay aha 18.7 19,910,967 | 38.40 | 7,645,811 

Oba ree ea here Dk hb ile Aa aR i aoe 77.6 82,625,189 | 38.16 | $31,531,029 

The months of June and July being the time of accumula- 
tion and the period from October 1 to March 1 the time of 
distribution, it may be assumed that in general the stock that 
went into storage in the former months at 38.16 cents was sold 
in the latter months at 44.02 cents, a gross profit of 5.86 cents 
per pound or 15.385 per cent on the investment. From this 
apparent profit, deduction should be made of approximately 
eight-tenths of a cent per pound to cover storage and insur- 
ance charges, making the actual profit slightly more than five 
cents per pound, from which must be deducted interest on the 
money invested to ascertain the net profit. 

Table 15.—Selling price of “creamery firsts’? butter delivered from cold 

storage during season of 1917-1918 at New York market prices. 

‘ Percent- 
age of | Moved out Price Selling 

Date. total of storage. per price. 
holdings. ; pound. 

: Per cent. Pounds. Cents. Dollars. 
MCtObeR se eres EP aN sc eure A NAR od UPA at gee age Gel 6,495,021 | 43.25 2,809,097 
TION (210M OSI R Gia a ey g ees He MN HIPn HEDIS Gee os aaty eenle nee rautcat ects 19.7 20,975,725 | 41.72 8,751,072 
1D Yexeres oa] 0X3) Ovirc as MET ALN A cal tenn, Rome ay mnt ai seien Ml RUE a 30.1 | 32,049,204 | 43.58 13,967,043 
DTU ATE, Pretec enc seme tse ence setae etcetera et rs eae ae 22.0 23,424,667 | 46.25 10,833,908 
SHED RUATV eee area ce icy 2 Se int eRe Ret aie eae RA Raa ee 6.8 ‘7,240,352 | 46.08 3,336,354 

TANGY receease see Re CU RON Ears er ERR re eee APES Seca 84.7 90,184,969 | 44.02 | $39,697,474 

In the season of 1916-1917 the range of prices for “cream- 
ery firsts’? during June and July was from 27 to 30 cents, the 
average price being 28.05 cents per pound. The prices of 
“creamery held firsts” for the months of October to February, 
inclusive, ranged from 33.75 to 38.5 cents, the average being 
36.04 cents per pound. The operation, therefore, showed an 
apparent profit of 7.79 cents per pound, from which must be 
deducted the costs of storage and interest on investment to 
arrive at the net profit. 

The reports of the Bureau of Markets do not show the move- 
ment into storage during the season of 1915-1916. The price 
quotations, however, for “creamery firsts’? during the months 
of June and July ranged from 24 to 28 cents, the average of 
the daily quotations being 26.64 cents per pound. From No- 
vember 1, 1915, to March 1, 1916, the prices of ‘‘creamery 
held firsts’ ranged from 26 to 28.5 cents, the average being 
27.45 cents per pound. There was therefore an apparent profit 
of 0.81 cents per pound, an amount barely sufficient to cover 
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the costs of storage, leaving little or no balance to pay interest 

on the investment or to provide for any profit on the trans- 

action. 

Figure 4 shows the weekly average prices of creamery but- 

ter on the New York market during some of the months of 

accumulation and distribution for the past three seasons. The 

prices are obtained from the quotations in The Producers’ 

Price-Current. 
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Fig..4.—Weekly average prices of cold storage creamery butter on the New York market. 
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Compiled from the Producers’ Price-Current. (Weeks are numbered from 1 to 5.) 

REVIEW OF THE 1917-1918 SEASON FOR COLD STORAGE OF 

PACKING STOCK BUTTER. 

The term “packing stock butter’ used in the reports of the 

Bureau of Markets is intended to include all dairy and farm 
made butter which is to be used as bakers’ stocks or for mak- 

ing renovated or process butter. 

The first month’s report issued on September 1, 1917, 
showed the holdings of 89 cold storage warehouses to be 
2,531,215 pounds. This was approximately 60 per cent more 
than was stored on the same date the previous season. As 
many cold storage warehouses did not report for the month 
of September this did not include all holdings. The compari- 
sons of this month’s holdings with later and more complete 
monthly reports would seem to indicate that there were ap- 
proximately three and one-half million pounds stored on Sep- 
tember 1, 1917. 
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Table 16 shows the holdings as reported on September 1, 
1917, segregated by sections of the country and a comparison 
of the holdings of 55 storages with the amount held on Sep- 
tember 1, 1916, and table 17 shows the holdings of each month 
compared with those of the preceding month. 

Table 16.—Cold storage holdings of packing stock butter as reported on ~ 

September 1, 1917. 

Reported for September 1, 1917. Comparison with October 1, 1916. 

Stor- Pre 
< ao Percents ages | 
torages oldings | age of | report- 1|Se i 

reporting. | reported. total | ing on Peptember dPaouettles! 1 Decrease. 
holdings.| both i 

dates. 

Number. Pounds. |Per cent.}Number. 

Section. 

‘ Pounds. 
New England......... 0 0 0 0 
Middle Atlantie....... 6 135,769 5.4 2 
South Atlantic........ 6 238,762 9.4 4 
North Central (E).... 25 749,562 29.6 16 
North Central (W).... 35 1,261,952 49.9 24 
South Central........ 9 56,713 2.2 5 
Western (N)......... 5 26,914 1.1 1 
Western (S)..... LBabo 3 61,543 2.4 3 

Motal seis cuveceuoo is 89 2,531,215 | 100.0 55 3,695,074 1,495,028 

Table: 17.—Monthly cold storage holdings of packing stock butter com- 

pared with previous months. 

Comparative holdings. 
D Storages ; D. 

ate reporting.| Current Preceding ecrease. 
month. month. 

Number Pounds Pounds 
Metober wee er yey eee SN ak Ne yeaa ROY els 1,622,720 2,295,808 
November eile ee Seu ait vee 98 1,473,851 2,373,940 
Mecember ae yanciied ete teas) sm a amnleataa 108 1,661,496 1,751,900 
MIU ATVI Me bee Mole) eye NSA) aurea Tel en wan aA 110 1,443,466 1,865,618 
Bebruaryolio Mecca es ces Site ahaa Ge 114 1,358,179 1,578,784 
Mia chelsea mse sai lites (ean coer ame all Ay Se 130 857,831 1,535,997 

No reports were received showing the movement of packing 
stock butter into storage. The holdings decreased during the 
months of September and October but increased during No- 
vember. Decreases were again shown in December, January 
and February, and on March 1 the holdings amounted to 22.2 
per cent of the amount stored on September 1. Figure 5 shows 
graphically comparative monthly holdings from September to 
March, inclusive. 

REVIEW OF THE 1917-1918 SEASON FOR COLD \STORAGE OF 

AMERICAN CHEESE. 

The reports of the Bureau of Markets show that an excep- 
tionally large quantity of American cheese was placed in cold 
storage during the 1917-1918 season. The reports from 464 
cold storage plants showed holdings of 92,449,996 pounds on 
October 1, 1917. As all the cold storage warehouses did not 
report their holdings on that date, this amount did not include 
all the stock. A careful estimate based on the holdings of 
other months by the remaining storages shows that the total 
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amount on hand on October 1, 1917, was approximately 95,- 
000,000 pounds. On this date 31 per cent of the total stock 
was stored in New York State and 12.4 per cent in New York 
city. Wisconsin storages held 12.7 per cent while only 1.6 
per cent was stored in Minnesota. The largest quantity stored 

song JN any one city was 
foe monthly cold storage | held in Chicago, 

| holdings of cane Stock Butter for the the holdings there 

|season of 1917-1916. Sirs : amount to 19.8 per 
Sy Sean cent. Boston stor- 

ages held 6.5 per 
cent, San Francisco 
storages 2.9 per 
cent and less than 
1 per cent was held 
in Philadelphia. 

Table 18 shows 
the holdings of Oc- 
tober 1, 1917, seg- 
regated by sections | 
and also a com- 
parison of the hold- 
ings of 301 storages 
on that date with 
the amount they 
held on September 
1 of the previous 
year. 

This comparison 
shows an increase 
of 52.4 per cent. 
The holdings of 
October 1, 1917, 
are compared with 
those of September 
1, 1916, as the stor- 
ing season con- 
tinued for a longer 
period in 1917 and 
the largest quan- 
tities reported dur- 
ing these seasons 

were held on those dates. The holdings of the 1916-1917 and 
1915-1916 seasons were approximately the same, there being 
a difference of less than ore per cent. 

At the beginning of the season on May 1, 1917, there were 
almost 8,000,000 pounds already in storage. This quantity 
was no doubt partly a carry-over from the previous season and 
partly new stock going into storage very early. These hold- 
ings were increased by more than 2,000,000 pounds during the 
month of May. The bulk of the holdings, however, was placed 
in cold storage during the months of June, July and August, 
87.3 per cent of the total increases occurring in these months. 
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Fig. 5. 
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The largest quantity was stored during July, the reports of 
307 storages showing an increase of 28,915,736 pounds during 
that month. As all the storages did not report for both June 
1 and July 1, this does not show the entire increase, and it is 
believed that the total movement into storage was approxi- 
mately 32,000,000 pounds. 

Table 18.—Cold storage holdings of American cheese as reported 

October 1, 1917. 

Reported for October 1, 1917. Comparison with October 1, 1916. 

= Percent- 
SENDS: Storages}| Holdings age of |reporting September 1,) October Increase 

report- reported. total i 1, 1917. or 
ing. holdings. decrease. 

Number Pounds. _ |Per cent. Pounds. Pounds. {Per cent. 
New England......... 27 7,189,137 7.8 5,368,958 6,826,779 }+ 27.2 
Middle Atlantic...... 112 33,299,963 36.0 19,570,564 28,289,141 |+ 44.5 
South Atlantic........ 45 3,349,778 3.6 2,133,294 1,829,511 |— 14.2 | 
North Central (E).... 101 35,046,307 37.9 12,920,190 26,031,363 |+101.5 
North Central (W).... 60 3,807,940 4.1 3,134,781 3,581,400 |+ 14.2] 
South Central........ 53 2,400,108 2.6 530,681 712,338 |+ 34.2] 
Western (N)......... 30 1,165,397 1.3 1,023,029 914,722 |— 10,6! 
Western (S)....5..... 36 6,191,366 6.7 4,087,351 6,154,639 |+ 50.6! 

Motalostesuides ciate 464 92,449,996 } 100.0 48,768,848 74,339,893 |+ 52:>4 

Table 19 shows the increases and decreases in holdings each 
month as compiled from the reports issued monthly by the 
Bureau. Figure 6 shows the relative quantities on hand on 
the first of each month during the past two seasons, and Table 
20 shows the monthly percentage of increase and decrease for 
the two seasons for which the Bureau has compiled data. 

Table 19.—Monthly cold storage holdings of American cheese as com- 

pared with previous months. 

Date. 

August 1 
September 1 
October 1 

December 1 
January 1 
February 1 
March 1 

Storages 

report- | Current 
ing: month. 

Number.| Pounds. 
Ras ee Saw oeeeee 313 9,553,845 
ph sisetie kins eheoseniniate 292 25,884,240 
Sey Se PN eat ae 307 60,091,534 
Ae eo nor ene 323 74,300,651 
Se hedis-5- coy ROCHE CRORE OIC 360 81,638,837 
ise, Reta Manet SL chet 411 84,380,977 
sawsaclekavagispeererey aac 419 78,765,033 
Wa ee ape Mania y ets cularst ee 410 68,791,566 
eeu ee en's (ap aite. aise ats 432 55,837,977 
Fae yaar a apse Oy i 448 47,726,437 
artic CRaIGOre aie 459 38,167,559 
BESNONS cic cat eee EA 455 24,218,143 

Comparative holdings. 

Preceding 
month. 

Pounds. 
7,480,495 
8,594,581 

31,175,798 
58,218,536 
81,280,743 
90,254,258 
84,245,843 
77,398,312 
67,011,022 
60,204,975 
48,073,044 
38,249,521 

Increase or decrease. 

Pounds. Per cent. 
+ 2,073,350 | + 27.7 
+17,289,659 | +201.2. 
+28,915,736 |+ 92.8 
+16,082,115 |+ 27.6 
+ 358,094 |+ 0.4 
— 5,873,281 |— 6.5 
— 5,480,810 |— 6.5 
— 8,606,746 |— 11.1 
—11,173,045 |— 16.7 
—12,478,538 |— 20.7 
— 9,905,485 |— 20.6 
—14,031,378 |} — 36.7 

Table 20.—Monthly percentages of increases and decreases in holdings of 

American cheese in cold storage. 

2 

Per ct.| Per cent of increase. Per cent of decrease. Ben ce 
Season. on hd. d. 

May 1| May | June | July | Auz. | Sept./ Oct..| Nov.| Dec. | Jan. | Feb. } Mar.| Apr. Stan 1. 

1916-1917....| 17.1 2.9| 27.2} 40.5] 12.3 (eos) Chars 3: 11.1] 23.0) 15.9) 10.5 5 15.4 
1917-1918....| 9.6 2.6| 26.3] 37.9) 23 1|/+0.5}] 6.5 9.4) 14.9] 12.0] 9.6 7 25.9 
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It will be observed both in the table and in the chart that 
the movement from cold storage was exceptionally slow. The 
decrease of 14.9 per cent in January, 1918, compared with 
the decrease of 23.0 per cent during January, 1917, is espe- 
cially noticeable. In this connection a comparison of the ex- 
ports of cheese for the two years as shown in Table 21 is very 
interesting. 

Table 21.—Monthly exports of cheese as shown by the reports of the 

Department of Commerce. 

1916-1917. | 1917-1918. Month. 

Pounds. Pounds. 
(OVC RO] OVS 7e a os ERS Bee er eT CEs oa coon AO rch oe aCe Se) Sie (oye eye Sn B | 5,970,313 464,967 
INOVeEM Dene rae cerey Up epeitis Scart Mine ea en iaure ae ree Ree 2 heen (ok | 3,644,915 | 744,419 
IDEcembersyae Wiehe ae Ua eae eee p Taam) ee seer atn N ERE aoe tee rns Pde | 4,036,169 1,271,741 
AUT ATV sere re ees roe a mares er oR ese Lee RGA Aug cea hat Ua saeNE lest Seely! ys | 8,101,103 78,583 
1 DLS) OLDE NAS Ase eery epee Vesta ees eae ool Ren MA avn coaarh Se cea ec tga Ur MR Ateh ap | Meee 7,241,648 921,244 
IMBWTO, 56 cin cod bb ogbed bedoolod labbogc cana movobnacp anor bo dbereeuooae | 7,576,682 |} 2,669,003 
PATTI re ee iitepate ac hub -aee ia ata tacseatsy rok de a Sein Cae SAL ita aR A alin ated So) DART A i 5,283,007 | 1,234,925 

BING Cell eat ss abe ertocs; hres raut tue oe ade foci Rac t as oy EPPA AVES cash ae SS eA 41,853,837 | 8,084,882 

The comparatively small quantity exported no doubt partly 
accounts for the slow movement from storage. On April 1 a 
quantity equal to 40.6 per cent of the holdings on October 1 
was still in cold storage as compared with the 18.5 per cent 
of October 1, 1916, holdings held on April 1 of the previous 
season. The holdings decreased more than fourteen million 
pounds during April as compared with a decrease of about 
one and one-half million during April 1917. There still re- 
mained, however, a stock of 24,241,545 pounds on May 1. 

REVIEW OF THE 1917-1918 SEASON FOR COLD STORAGE OF 

CASE EGGS. 

The largest number of case eggs reported in cold storage at 
any one time during the season was 6,602,711 cases as reported 
by 403 warehouses on August 1, 1917. This was 0.7 per cent 
more than was stored on the same date of the previous season. 
Table 23 shows the total holdings of that date segregated by 
sections and a comparison of the holdings. with those of the 
previous year. » 

Table 23.—Cold storage holdings of case eggs as reported on 

August 1, 1917. 

| Reported for August 1, 1917. Comparison with August 1, 1916. 

eae, | a | Percent.| Storages 
Section. | eae Holdings age of |reporting} August 1, August 1, Increase 

le arava reported. total jon both 1916. 1917. or 
| rede holdings.| dates. decrease. 

iy x } 

Number Cases. Per cent.|/ Number Cases. Cases. Per cent. 
New England......... | - 24 809,324 1S 15 569,542 682,595 |+ 19.8 
Middle Atlantic.......} 77 > 1,981,492 30.0 55 1,889,362 1,952,102 |+ 3.3 
South Atlantic........| 26 178,275 PY TG 16 74,299 89,633 |-+ 20.6 
North Central (E).... 77 1,789,178 27 hl 62 1,943 574 1,712,707 |— 11.9 
North Central (W).... 76 1,168,990 W776 70 1,082,026 1,094,876 |+ 1.2 
South Central: .7..5%. | 50 _ 261,969 4.0 38 133,744 182,045 |+ 36.1 
Western (N)....:.... 34 92,899 | 1.4 22 79.262 71,855 |— 9.3 
Western’ (S)ic 22.8. sas of 39 320,584 | 4.8 34 288,320 316,439 Hess 9.8 

TOGA Seis tee 403 6,602,711 100.0 312) | 6,060,129 © 6,102,252 |+ 0.7 
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More than 45 per cent of the total holdings on August 1, 
1917, was storéd in the cities of Chicago, New York, Boston 
and St. Louis. Chicago held the largest amount, 1,383,300 
cases, amounting to 21 per cent of the total. New York came 
next with 1,060,266 cases, Boston third with 435,439 cases, 
and St. Louis fourth with 125,331 cases. The movement into 
storage began first in the Western states. Nearly one-fourth 
of the holdings in the Western South section were in storage 
by April 1. By May 1 more than half of the holdings in that 
section and 35 per cent in the Western North section were 
stored. The holdings in the latter section reached their highest 
point on July 1. 

Table 24 shows the holdings as reported monthly compared 
with the holdings of the preceding month, and figure 7 shows 
graphically the holdings of each month compared with those 
of August 1 for the past two seasons and also for a ten-year 
average of the reports of the Associated Warehouses. 

Table 24.—Monthly and sconfemon hs cold storage holdings of case eggs 
od as compared with previous report. 

1917-1918..... 2.8 | 26.7 | 43.0 | 24.7 2.8 

Comparative holdings. 
age 

Date. Seen Increase or decrease. 
ing. Current Preceding 

report. report. 

Number. Cases. Cases. Cases. Per cent. 
J Nyayed Wag Goh see eae Rated ce Ene ee 293 164,518 5,280 |+ 159,238 |+3,015.9 
UN Meary abl eee re ree Meri esan ree cero yeas ae areweti ema 313 1,818,703 165,659 |+ 1,653,044 |+ 997.9 
INE TS IASs GO Neen ie aes RCAC ES eeHItAL crn Aine 332 3,221,970 1,848,073 |+ 1,373,897 |+ 74.2 
AUbOYy VEER aan seb ene tui cchenenetis phen meciey Air Lene B te eee 324 4,481,827 3,711,098 |+ 770,729 |+ 20.8 
Tibbo (snl aye e Mie a ener ac teary ROIS amr en alone stipe 311 5,661,947 4,446,940 |+ 1,215,007 |+ 27.3 
Aiea levity een eee cue si scrote eect 354 6,105,570 5,455,685 |+ 649,885 |+ 11.9 
PANTO UIs toy leer ae itiareyc ecslince sea Mbemaneeetre ks 326 6,194,173 6,036,576 |+ 157,597 |, 2.6 
September! dss 6p apveenl eywsinevacus arse ans 360 5,893,404 6,508,813 |— 615,813 — 9.5 
OCCObDEr were eee ca oe ueveesussrereieoancaraccnenseneNs 392 5,592,897 5,975,875 |— 382,978 — 6.4 
INGvembenmlerws sm ee een tears 407 4,429,888 5,526,629 |— 1,096,741 — 19.8 
INoOvembersliongcrac sing so cton. ccs yee bere 388 3,653,538 4,420,374 |\— 766,836 |— 17.3 
ID Scemberwleker meer eae ceed tee 405 2,799,012 3,677,203 |— 878,191 |— 23.9 
December Opec casa er cee acto 411 1,618,181 2,259,724 |— 641,543 |— 28.4 
EEN GNS Yeh vata L's aie cas apa me ae eared core cL 414 988,228 1,648,961 |— 660,733 |— 40.1 
Mebruary. pltacc oct ve eee onceieen slices 408 191,520 1,179,950 |— 988,430 |— 83.8 

The comparative monthly movement to and from storage 
for the past two seasons is shown in Table 25 and also for an 
average of ten years as compiled from the reports of the Asso- 
ciated Warehouses for 1907 to 1916, inclusive. 

Table 25.—Monthly percentages of increases and decreases in holdings of 
cold storage eggs. 

Per cent. of increases. Per cent. of decreases. 
Season. 

Mar.| April| May June | July | Aug. / Sept. | Oct. | Nov. | Dec. | Jan. | Feb. 

Assoc. Whse.!.| 11.1 | 38.4 | 26.5 | 19.6 4.4 4.0 | 10.3 | 18.3 | 22.9 
1916-1917..... 4.7.| 36.3 | 37.3 | 16.7 5.0 | 10.3 | 13.7 | 19.2 | 23.1 

8.4 8.4 | 16.4 | 25.0 

25.2114.0| 4.9 
19.2 | IW. TS 
24.7|15.0| 1.9 

1 Reports of Associated Warehouses, 1907 to 1916, inclusive. 
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The season, taken as a whole, represented an unprofitable 
investment on the part of the dealers in cold storage eggs. 
Table 26 shows the daily quotations of “‘storage packed firsts” 
on the New York market from March 26 to July 10, inclusive, 
as compiled from The Producers’ Price-Current. 

. Table 26.—Prices of “‘storage packed firsts” case eee on the New York 

market for season 1917-1918. 

[Compiled from Producers’ Price-Current. | 

March. April. | June. 

Low. High. Low. High. 

Cents. {| Cents. | Cents. 
CEE NS EC OR IES vl 

a Gapesollecoee doe 34. 

35.75 

35.75 

1 Sunday. 2 Holiday. 8 Not quoted. 
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Fig. 9—Comparative weekly average prices of “fresh firsts” and “refrigerator firsts” 

eggs on the New York market for season 1917-1918. Compiled from the Producers” 

Price-Current. 
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The movement into storage was so slow that by the first of 
May less than 30 per cent of the season’s holdings had been 
stored instead of the 41 per cent of the previous season and 
the 49.5 per cent of the ten-year average of the Associated 
Warehouses. This 30 per cent was stored at an average cost 
of more than 85 cents per dozen. The 48 per cent stored 
during May cost 36.6 cents per dozen. The average cost as 
shown in Table 27 for the total holdings. of 6,602,711 cases 
was 35.6 cents or a total cost of $70,560,532. 

Table 27.—Cost of “‘storage packed firsts’”’ case eggs placed in cold storage 

during season 1917-1918 if bought at New York market prices. 

Percent- : 
age of | Moved into Price 

Date. total storage. per Cost. 
holdings. dozen. 

Per cent.| Dozens Cents. Dollars. 
A IEE eC] oF es 7B ae te ea ieee Pane a, IL ci mp Meee erie an 2.8 5,546,277 33.2 1,841,364 
DADE ae peer ye ohcee alerts eee coe auatlseh tn ilel yishseske params eet aids 26.7 52,887,715 35.3 18,669,363 
INT ae ee Me cake eae Rar ein Se Syul oe a IN 43.0 | 85,174,972 | 36.6 | 31,174,040 
June 1-15......., Tp EA RON Ae Ba Sete Oe OE Coan Aen S. OO. IS 26,146,736 35.0 9,151,358 
June: 16-302 55 ope ee wee eens Eames Se cero aaa es 11.5 22,779,353 33.9 7,722,201 
MUD pene ae Gee ASEEL oh ors GG Goes Gee SEY Se HIG Ee DeNeeS asta SIU Meseetceweres rise 2.8 5,546,277 36.1 2,002,206 

PRO tall hyaere resi oe isa acne oak Sen areca ae ash Ate Ne 100.0 198,081,330 35.6 $70,560,532 

Table 28 shows the daily quotations also compiled from the 
Producers’ Price-Current of “refrigerator firsts,” storage and 
insurance paid, on the New York market from August 6, 1917, 
to February 17, 1918, inclusive. 

It will be observed that the distribution of the season’s hold- 
ings began at 35 cents per dozen on August 6, the average 
price during the month being 36.8 cents. The average price 
rose to 38.7 cents in September, and then gradually dropped 
until December 1. The average during the latter half of No- 
vember was only 33.3 cents. The severe winter caused a 
shortage in the fresh stock, resulting in a rise in price in the 
storage stock, and the average price during December was 37 
cents and during January 44 cents. On January 10 and 12 
the Food Administration wired the exchanges placing certain 
restrictions on the advance in prices. After January 17 there 
were no formal quotations, but the trade generally interpreted 
the attitude of the Food Administrator as authorizing the dis- 
tribution of the remaining storage stocks at approximately 48 
cents. 
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Table 28.—Prices of “refrigerator firsts’ case eggs on the New York 

market for season 1917-1918. 

[Compiled from The Producers’ Price-Current. ] 

September. October. November. December. January. 

Low. | High. | Low. | High. High. | Low. | High.| Low. | High. 

.| Cents.} Cents. Cents. Cents. Cents.| Cents. 
38. | 38.5 38. 34, 2 2 

1 1 38. 34.5 41.5 | 42.5 
3 3 38. 34.5 42. | 42.5 

38. | 38.5 38. 1 42. | 43. 

38. | 38.5 38. 34.5 42. | 43. 
38. | 39. 37.5 3 1 1 

38. | 39. 1 34.5 43. | 43.5 
38. | 39. 37. 34.5 cea 

1 1 37. 34.5 2505) as 

38. | 39. 37. 3 44. | 45 

38.5 | 39.5 37.5 1 Ae | Waise 
38.5 | 39.5 3 3 44. | 45. 
38.5 | 39.5 37.5 34.5 ipa lipecrtaae 

38.5 | 39.5 1 34.5 45.5 | 46.5 

3 3 as 3 46. | 47. 

1 1 37.5 34, 46. | 47. 
38.5 | 39.5 37. 33.5 48. | 49. 
38.5 | 39.5 3.5 1 3 3 

38.5 | 39.5 36. 34. 3 3 

38.5 | 39.5 36. 34. 1 1 

38.5 | 39.5 1 34, ye. ear 
38.5 | 39.5 35.5 34. matalle te ele 

1 1 35. 33.5 cern ken 

38.5 | 39.5 3 33.5 eee ite 

38.5 | 39.5 35. 1 Bian ren 

Seen liso -75| 35. 33.5 ee oer 
37.5 | 38.5 34.5 34. Car ne: 

37.5 | 38.5 1 34, Pal Baa: 
37.5 | 38.5 34. ant (are oe eet eee 

1 1 34. 34, ir Soa 
cre ee ee et ecee an ane 

36.8 | 38.7 36.1 | 33.7 | 37.0 | 44.0 Ave. 

1 Sunday. 2 Holiday. * Not quoted. 
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It is believed that so much of the 200,000 cases remaining 
on February 1 as were placed on the market sold at about 
that price. Table 29 shows the value of the monthly decreases 
in holdings based on the New York market prices. 

Table 29.—Selling price of “refrigerator firsts’? case eggs delivered from 

cold storage during season 1917-1918 if sold at New York market 

prices. 

| Percent- Price 
Date. \ age of | Moved out per Selling 

total of storage. dozen. price. 
holdings. | 

'Per cent.; Dozens. Cents. Dollars. 
NEARS Bate 1 Goatees A eens ert een ise Reh ara. AER BU U 8.4 16,638,832 36.8 6,123,090 
ES(aj oy seal ofe5 ce rea ter hi GES Canes A ACTORS GTO ERS EO eta aS 8.4 16,638,832 38,7 6,439,228 
(OYE LNG) Oya Okt. oe ips RE on Pate ene RROD RENE CRORE co's 16.4 321485,337 36.1 11,727,207 
INGvembermlal seyret ates: ach atiaahe ms realege tener i eine aes 11.8 23,373,597 34.1 7,970,397 
INGvemberwl Gc os aera or erro narrate 13} 72 26,146,736 33.3 8,706,863 
VD Y=Lefey wal] oye) ated teat LES) a EE eG pre en nae Ne Se NN eer 12.6 24,958,248 34.9 8,710,429 
ID Fe(aieal oyard. 790310) eo ee ere IROOM eLOLe Notao tines 12 il 23,967,841 39.1 9,371,426 
AERODITA Aad ee se Se aoc alee Ge duran Hy een bone 15.0 29,712,199 44.0 13, 073, '368 
PHS rary access sae ee Sey coe acai Busters deestecauacs fm oMepe aces Zak 4,159,708 48.0 1,996,660 

PURO Galea tert ey nar iam COS en aay Mek peut OMe ON eee 100.0 198,081,330 37.4 $74,118,668 

The average selling price thus obtained was 37.4 cents per 
dozen and the total sales value $74,118,668. This shows a> 
gross profit of 1.8 cents per dozen or $3,558,136. If allow- 
ance of 4 cents per dozen is made as covering storage, insur- 
ance and shrinkage for the season, (the figure commonly 
accepted in the trade), there would appear to have been a net 
loss of 2.2 cents per dozen or $4, 365, 117, aside from the inter- 
est on the investment. 

. The holdings of the season 1916-1917 proved a very profit- 
able investment. The 6,060,129 cases held that season were 
stored at an average price of 23.44 cents, a total cost of $42,- 
610,154, and sold at an average price of 32.98 cents, or $59,- 
956,025, a gross profit of 9.54 cents or $17,345,871. Theactual 
profit after deducting 4 cents a dozen for storage, insurance 
and shrinkage, amounted to 5.54 cents a dozen or $10,073,716, 
from which must be deducted the interest on the investment 
to secure the net profit. 

In the season of 1915-1916, 6,084,529 cases were placed in 
cold storage at an average price of 20.82 cents or a total cost 
of $38,003,968. They were sold at 23.41 cents or $42,740,045 
with an apparent profit of 2.59 cents per dozen, but an actual 
net loss of 1.41 cents or $2,565,358 and interest, if an allow- 
ance of 4 cents per dozen be made for storage, insurance and 
shrinkage. Figure 8 shows the average weekly prices on the 
New York Market for the last three seasons and figure 9 shows 
the comparative prices of “refrigerator firsts’ and “fresh 
ee for the time of distribution of the 1917-1918 storage 
stocks. 

Figure 10 shows the comparative New York and Chicago 
“storage firsts’? and prices for “refrigerator firsts’? during the 
1917-1918 season. The Chicago prices are taken from the 
Daily Trade Bulletin. Y 
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According to the prices quoted on the New York market, 
if that portion of the public which purchased the cold storage 
eggs for the season had purchased fresh eggs instead, the 
6,602,711 cases which they bought for $74,118,668 would 
have cost them $99,593,511 or $25,474,843 more than they 
paid for the storage stock. While it is true that many people 
could not have afforded the fresh eggs at the prices quoted and 
the consumption would have been reduced, it is also true that 
the increased demand, on account of the smaller supply avail- 
able, had there been no storage stock, would no doubt have 
sent prices much higher. 

Table 30.—Value of case eggs distributed from cold storage during 1917- 

1918 season at prices for which fresh eggs were sold during same 

period on New York market. 

Percent- , 
Date. age of | Moved out Price Selling 

total of storage. Ve price. 
holdings. dozen 

va Per cent. Dozens, Cents Dollars. 
INGO Yaa OY tha irat 95 ca Peratan PR os Be EEE AURA TOLCR TAT Go ee encoera ous 8.4 16,638,832 38.2 6,356,034 _ 
Deptemberrrccited cess hoe nicer ute eae woos creole a 8.4 16,638,822 39.8 6,622,255 
(OYS IO) oar yA ON aa Nee a a ta MNO Bias Pere nal a8 AUN ML Ree 16.4 32,485,337 40.7 13,221,532 
BN Ifo) sas) aa] oss oped Lieis ass GR vee ee A eeine Gre |e sate NEN Bu) Ate tea einen eon 11.8 23,373,597 44.9 10,494,745 
INO Verb eral BV ie aicvecs obo, aoe aeeceT ale Rowe enea Te Re eos etcetera 133,74 26,146,736 51.6 13,491,716 
ID FE (cfesanll Xap UN Renery oF ROR OTG NT IO UCREE OER EM RON Eaton - 12.6 24,958,248 54.8 13,677,120 
December! Vasc iaes ves dacavaie re tchssudederetel ouswe ahah een tsetse 12-1 23,967,841 58.8 14,093,091 
PUUILITAT VA oycaese celta tee seen aclaais ono uses deel Toce ha SHe eo en Renee edet ieee 15.0 29,712,199 64.8 19,253,505 
Oto ab EE AVA Talay ex CR CACRERGH aR ena CRONE Chole KL et cin iceG euuTTUCN Cena 2.1 4,159,708 57.3 2,383,513 

POCA 5 Eres aa krona reed ote arte yedore ec aoa ek ek Meee te 100.0 198,081,330 50.3 $99,593,511 

It is also apparent that, lacking storage facilities, the eggs 
that were placed in cold storage would otherwise have been 
disposed of through consumptive channels during the season 
of production and probably would have caused a substantial 
reduction in the prices at that time. There is, of course, no 
means of ascertaining the actual reduction that would have 
occurred, but it is probable that in many cases the prices 
would not have covered the cost of production. 

REVIEW OF THE 1917-1918 SEASON FOR COLD STORAGE OF 
FROZEN EGGS. 

The first report of the Bureau of Markets showing holdings 
of frozen eggs was issued on May 1, 1917. Reports were 
received from 125 cold storage plants, and their holdings were 
2,659,380 pounds. The stocks gradually increased until Sep- 
tember 1, when 165 warehouses reported 18,099,262 pounds. 
This was nearly three times as many pounds as were stored 
on the same date of the previous year. Table 31 shows the 
holdings of these firms segregated by sections and the holdings 
of 91 storages compared with the amount held by them in the 
previous season. 
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Table 31.—Cold storage holdings of frozen eggs as reported on 

September 1, 1917.. 

ee ted ie Sees a 1, 1917. Comparison with September 1, 1916. 

Percent-| Storages 
Section. Storages}| Holdings age off reporting| September September |Increase 

report- reported. total’ jon both 1, 1916. 1, 1917. or 
ing. . |holdings.} dates. decrease. 

Number, Pounds. |Per cent.| Number, Pounds. Pounds. /|Per cent. 
New England......... a 680,066 3.8 5 55,595 59,116 6.3 
Middle Atlantic....... 35 7,958,620 44.0 12 1,481,083 1,481,083 |—397.3 
South Atlantic........ 8 168,004 0.9 = = - 
North Central (E).... 39 4,262,022 P43}, 15) 24 2,372,730 3, 178,399 — 34.0 
North Central (W).... 45 4,081,644 22h oO 30 999,437 3,436,913 |+243.9 
South Central........ 12 122,176 0.7 8. 14,083 50,866 |+261.2 
Wiesterns@N) Mee eee 10 281,352 1.6 6 140,059 90,176 |— 35.6 
Wiestenn=(S) es einn cela 9 545,378 3.0 6 160.499 527,045 |+228.4 

Mi Rone eH ALE ahh aa 165 18,099,262 | 100.0 91 5,223,486 14,708,351 +181. 6 

There were 6,585,202 pounds or 37.9 per cent of the total 
amount stored in the city of New York. Chicago storages held 
2,486,139 pounds or 13.7 per cent. Excepting in the city of 
New York a large proportion of the stock was stored in the 
producing sections. Of the 23.5 per cent held in the North 
Central East section only 13.7 per cent was held in Chicago, 
and in the North Central West only 5.2 per cent was stored 
in St. Louis compared with'the 22.5 per cent held in the sec- 
tion. In the New England States only about 100,000 pounds 
were held outside of the city of Boston. Table 82 shows the 
increases and decreases in holdings compiled from the monthly 
report of the Bureau. 

Table 32.—Monthly cold storage holdings of frozen eggs compared with 

previous month. 

Comparative holdings. 

Storages ; 
Date. report- Current Preceding Increase or decrease. 

ing. month. month. 

Number. { Pounds. - Pounds. Pounds. Per cent. 
TeX ay Ue BV aia ah eet Oa GEA Se SRA fat en 2 126 2,347,461 1,267,715 |+ 1,079,746 !+ 85.2 
MV Area sy hid Gist is te Ri MONACO a AIR BS a Ra a aa 135 3,025,336 2,473,288 |+ 552,048 |4+ 22.3 
PAO OV 23) DS VIR cs a Ta keen a HV aR Case ca 104 5,837,822 2,474,936 |+ 3,362,886 |+135.9 
Cf Aa Leo EPR OP a aa NUN i le ale 105 12, 043,948 |. 6.843,068 }+ 5,200,880 |+ 76.0 
An ronis tele Aare ORO ee ia AT Cn ERGs a 117 14, 429, 516 12,495,458 |-+ 1,934,058 |+ 15.5 
September: ye yrs ieee pee Umea gee ea 116 16,592/263 14,444,844 |4+ 2,147,419 |+ 14.9 
OctobersL se Pee tauren Ln is tes TS 144 16,373,472°| 17,908,958 |— 1,535,486 |— 8.6 
November ire sree ei SIRE cee neeahe 159 15,862,051 16,913,124 |— 1,051,073 |— 6.2 
WMecemberd lye en ersten tae ok cued regis batts 162 12,707,627 15,227,195 |— 2,519,568 |— 16.5 
Januarys Ve ye aes tue Pe pie di 161 13,706,339 12,784,169 |+ 922,170 |+' 7.2 
IME RUST ys UL Aeon telat el eH ea EA es 161 11,731,551 14,050,137 |— 2,318,586 |— 16.5 
Mirae rit ili-p Uaiecerac to nteaevn)! ineauay Pe) Wena ht Ga 181 9,775,736 12, 297, 758 |— Bee O22 — 20.5 
VATU ee Mating oases Rape, A oRaino LSB) 177 8,834,115 9,750,792 |— 6,677 |I— 9.4 

Figure 11 sew the relative monthly holdings from May 1 
to April 1 for the past two seasons. It will be observed that 
the greatest increases for this season were during May and 
June, the holdings decreasing during September, October, 
November, January and February, but showing a decided in- 
crease during December. 

The slowness of the decrease in the holdings during this 
season is probably accounted for by the shortage in the sugar 
supply resulting in the decrease in the use of frozen eggs by 
the bakers. It is also possible that the low prices received for 
ae storage eggs led some dealers to break out and freeze 
them. 
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There were large importations of frozen and dried eggs 
during the season. Table 33 shows the importations from 
June, 1916, to March, 1918, as compiled from the reports of 
the Department of Commerce. Figures previous to that date 
are not available. 

Table 33.—Monthly importations of frozen and dried eggs and yolks 

of eggs. 

Month. 1916-1917. | 1917-1918. 

; Pounds. Pounds 
LXTBTEDL o's ig ee Bok Reh Ie ero ost OEP EE By aL TERE SAU eR Sa RE 8 2 EEE BSUS PR ee A 1,053,774 

BI cin ave Ghat Sie GROMER EOE Sane ee eee ea Nia a Be CIP ene nT rae enn Un tne De aCe a 1,022,371 
RENIN MRP PA ese Alsen See cS SRN eB oe Mase oe allel habs Meera die eee aye Ree Soe [Ryle as Miser allen 1,332,584 

Tilly oo ees has OEY Baro ES ee a es Tar Ae Sis SRE, Sa 513)583 | | 1,101,327 
INCA 9 LEIA oye CRS a RR GELRe US Tet re UE A eA ey oe me Onan SHR 349,585 2,555,800 
SUSVaRB ETA OLE i 6 eA AGO et IRS RO ce gv a le Cor eel nga CU eee 1,079,210 2,033,528 
(OGG. » 6:57) BS Se AURRRS Orn I Bs: 5 SE Ses Tee NE PER DeTIE rere Cl eae teal che ereirty ie inte 1,392;714 1,187,447 
I OPSITAI ETF A ss IA Se eee Oe CR REE a ct GUCRES 5 hes 0 tay AENEAN herr ain ees Be Ba Aa 261,907 1,483,669 
ID YECOSITE SVEN E 3 ch 2 ee RRR ee DR REE REE eee ae Up PSA RRR Load Ps Sie ile MR eee | 129,850 1,315,683 
MRIDERETSY 5 bola Re eee BPR Uric io SRT TNL RAC nie Beet Oe hiras AE Glee Dest are RR 820,078 606,384 
PEGE HUET eae Eee ay bk Pda ack de oepaip LG st dates ACB a NGe Te A oles 500,375 502,191 
INTERRED gS ssh bk ee aero cleat Seth oR eal te ea Ray aie TAS Oa RR Ee ee See 1,861,743 1,450,494 

Comparative totals ............... eet ey ts hc tee AON tL) Ve REPAIR RoW sree 8,770,788 | 12,365,523 
Grand totals..... Bes tsa Eas hoe is areata Lecce RE eR Ee RS aa erect oa 8,770,788 15,645,252 

REVIEW OF REPORTS ON COLD STORAGE HOLDINGS OF 
FROZEN POULTRY. 

The Bureau of Markets began securing reports showing the 
holdings of frozen poultry in cold storage on May 1, 1917. 
The reports show this product segregated into five different 
classifications, viz., broilers, roasters, fowls, turkeys, and mis- 
cellaneous poultry. The first four varieties are segregated 
according to classifications generally used by the trade and 
all others are classified as miscellaneous. 

The reports received for several months were rather unsat- 
, isfactory owing to the difficulties encountered by the cold 
storage warehouses in segregating the poultry held into these 
different classifications. During this period the holdings of 
the storages that were unable to segregate were also included 
with miscellaneous poultry. Table 34 shows the number of 
pounds of each variety reported monthly to the Bureau from 
July, 1917, to June, 1918, inclusive, and figure 12 shows the 
comparative percentage that each variety is of the total 
amounts reported each month for the season of 1917-1918. 
For the first half of the season these percentages are of value 
only in showing the progress made in securing the proper 
segregations. In the latter part of the season they show the 
actual percentages of the different varieties stored as the 
segregations were then satisfactorily made by practically all 
of the cold storage warehouses. 
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Table 34.—Monthly holdings of frozen poultry for season 1917-1918. 

Total Broilers. Roasters. Fowls. Turkeys. Misc. 
Date holdings. poultry. 

Pounds. Pounds. Pounds. Pounds Pounds. Pounds. 
CIID Ie a at aie 55,704,435 3,769,671 5,231,397 2,033,018 3,639,182 | 41,031,167 
PATIOUISER oer. iane cts Hibs 50,125,012 3,555,594 4,962,127 1,860,764 3,558,683 | 36,187,844 
September........ §2,596,250 2,517,336 3,897,323 1,258,923 3,193,483 | 41,729,185 
October ae 45,608,617 3,405,894 3,275,639 2,021,332 3,404,313 33,501,489 
November........ §2,557,223 5,074,028 5,160,063 3,269,014 6,485,291 32,568,827 
December........ 49,749,819 8,877,926 12,307,964 8,649,707 3,298,063 16,616,159 
Vanuanyere a ee ners 63,495,687 9,050,855 16,598,683 13,219,137 4,577,367 | 20,049,645 
Hebruanveereeeeoe 67,729,215 8,250,415 17,978,167 15,090,069 10,515,828 | 15,894,736 
WIERON. booosneoue 57,251,341 7,383,141 14,486,271 12,622,601 9,824,560 | 12,934,768 
(April iow ene 43,834,616 4,796,790 11,523,853 9,165,095 8,614,438 9,734,440 
Witeayeciihe peer Bheeacare ae 26,553,783 3,144,835 6,974,239 4,957,940 6,490,759 4,986,010 
diisto\anreieraieiers eneteie 18,905,632 1,720,069 3,921,708 2,716,634 5,935,480 4,611,741 

Although the Bureau did not begin issuing reports until 
May 1, 1917, in sending out the monthly inquiries, information 
was also requested as to the amount in storage on the same 
date the previous year.. The data thus obtained, however, 
were very incomplete as many firms had no records from 
which to report their holdings for the season of 1916-1917. 
Figure 13 shows the relative monthly holdings for the season 
of 1916-1917 and 1917-1918. It will be observed that the 
largest holdings were in storage on January 1, 1917, and that 
the carry-over was so great that on July 1, 1917, they were 
greater than on January 1, 1918, the date on which the largest 
holdings of that season would normally be expected. It is also 
quite probable that this large carry-over and possible ensuing 
losses to the dealers led to a much smaller quantity being 
placed in cold storage, the holdings being about one-third of 
those of the previous season. 
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Table 35 shows the total holdings of frozen poultry on 
January 1, 1918, segregated by sections and a comparison of 
the holdings of the storages reporting for both seasons with 
their holdings of the previous season. Figure 14 shows graph- 
ically the comparative monthly holdings from July 1, 1917, to 
June 1, 1918, inclusive, and the proportionate quantities of 
the different varieties that were stored on the different dates. 

o———o——0 Season 1916-1917. eo—e——-e Season 1917-1918. 

100 | July| Aug. |Sept. | dot. | Nov. | Dec. | 

PIASEY 
Pe Li yee 

Peete 
Fig. 13.—Relative monthly holdings of frozen poultry in cold storage during seasons of 

1916-1917 and 1917-1918.. (Base 100 equals holdings on January 1, 1917.) 

Table 35.—Total cold storage holdings of frozen poultry as reported 

‘January 1, 1918. 

Comparison with January 1, 1917. 

Section. Reported for : ; 

Januaryl, 1918. January 1, | January 1, | Decrease. 
} 1917. 1918. 

d Pounds. |Per cent. Pounds... Pounds. ' |Per cent. 
New! Hnglandt) sn. k oye Bie. Naki. 2,451,067 3.9 110,980 , 67,02. 39.6 
MiddleJAtlantic..........0....03.-0000.-5 16,193,219 25.5 3,721,003 1,394,529 62 
South) Atlantic. 2s. a. 0. eae. Meee oF 454,633 0.7 613,901 431,757 29.7 
North Central (B).:....0.0....... SS 31,969,989 50.4 10,068,570 6,969,941 30.8 
North Central (W). Th aa mlante hs bRestane si bine Ae! ots 8,585,640 | 13.5 13,784,301 6,064,863 56.0 
Southi@entraleiese sper be Jaze 1,785,540 2.8 2,300,202 1,240,136 46.1 
Western’ (IN). es ee rarer | ERRNO 583,416 0:9 889,434 574,629 35.4 
Western (S)\..o.005508 Res. Goes 8 1 472. 183 2.3 2,069,325 1,156,303 44.1 

Motaliecs sister PEO OE RE OE OSCE 63,495,687 | 100.0 33,557,716 | 17,899,183 46.7 
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Tables 36 to 40, inclusive, show the holdings on January 1 
of all varieties except fowls, for which the holdings of Febru- 
ary 1 are shown. The holdings of these dates do not show the 
actual peak loads of the season on account of the large carry 
over from the previous season. They represent, however, the 
peak load for the current season’s stock, and as the segrega- 
tion was very satisfactory at that time, they may be considered 
as representative of the quantities of the different varieties 
stored for the season. 

Table 36.—Cold storage holdings of broilers as reported on January 

Section. 

New England..:...... 
Middle Atlantic....... | 
South Atlantic......7«| 
North Central (E).... 
North Central (W)... | 
South Central........ 
Western (N)......... | 
Western (S)/......... 

1, 1918. 

| Reported for January 1, 1918. | Comparison with January 1, 1917. 

é Percent-| Storages 
Storages| Holdings age of |reporting| January 1, January 1, | Increase 
report- reported. total | on both 1917. 1918. or 

ing holdings.| dates. decrease . 

Number Pounds. |Per cent.| Number. Pounds, Pounds. /|Per cent. 
19 70,161 0. 8 4,884 10,571 |+116.4 
45 2,576,495 28.5 16 543,477 199,607 |— 63.3 

es 9 93,751 1.0 6 161,498 84,683 |— 47.6 
32 4,795,206 53.0 17 844,240 1,149,165 |+ 36.1 

| 41 937,163 10.4 30 1,832,149 563,794 |— 69.2 
| 17 346,217 3.8 12 524,788 317,600 j— 39.5 
| 5 38,527 0.4 5 69,759 38,527 |— 44.8 

13 193,335 2e 9 310,146 97,115 |— 68.7 

181 9,050,855 | 100.0 103 4,290,941 2,461,062 |— 42.6 

1 
e——*——» Season 1917-1918 

ee Ce a 100 

eee 

Fig. 15.—Relative morthly holdings of frozen broilers in cold storage during seasons of 

1916-1917 and 1917-1918. (Base 100 equals holdings on January 1, 1917.) 



COLD STORAGE REPORTS, 1917-1918. 37 

Table 37.—Cold storage holdings of roasters as reported on January 

1, 1918. 

Reported for January 1, 1918. | Comparison with January 1, 1917. 

i Percent-| Storages 
Section. | Storages| Holdings age of |reporting| January 1, | January 1, | Increase 

report- reported. total on both 1917. 1918 or 

ing. holdings.} dates. decrease . 

‘Number. Pounds. |Per cent.| Number Pounds. Pounds. |Per cent. 

New England.........) 21 254,266 i. & 8 19,262 13,806 |— 28.3 

Middle Atlantic...:... | 44 4,255,155 25.6 15 692,709 275,796 |— 60.2 

South Atlantic. .......| 5 75,119 0.5 5 123,564 75,119 |— 39.2 

North Central (E).... 33 9,133,360 55.0 17 1,535,090 2,486,424 |+ 62.0 

North Central (W)....) 42 2,522,763 15.2 29 4,020,729 2,016,804 |— 49.8 

South Central........ 14 . 208,618 1.3 11 393,643 198,612 |— 49.5 

Western (N).. ...... 6 87,587 0.5 6 47,264 87,587 |+ 85.3 

Wiesterm (GS) asc sele-- <= i 13 61,815 0.4 8 85,917 42,303 |— 50.8 

MRO tales Or lit ied 178 16,598,683 | 100.0 99 6,918,178 5,196,451 j|— 24.9 

o———o-——0 Season 1916-1917 o———_e———-» Season 1917-1918 

100 July,| Aug. Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June 100 

| SS [sles 
tee 80 

7c 

= 60 

oN 50 

Be : 
Seva : (i Ce 

20 hs <7 & f es 20 

eae a fo) [ae 16 

Fig. 16.—Relative monthly holdings of frozen roasters in cold storage during seasons of 

1916-1917 and 1917-1918. (Base 100 equals holdings on January 1, 1917.) 
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Table 38.—Cold storage holdings of fowls as reported on February 

1, 1918. 

Section. Storages| Holdings 
report- reported. 

ing. 

Number Pounds 
New England......... 1,217,175 
Middle Atlantic....... 3,062,721 
South Atlantic........ 58,430 
North Central (E).... 8,239,577 
North Central (W).... 1,577,954 
South Central........ 458,829 
Western (N)......... 163,862 
Western (S).......... 311,521 

sRotalecsen et aes 15,090,069 

Reported for February 1, 1918. 

Percent-{ Storages 
age of |reporting| February 1, 
total | on both 1917. 

holdings.| dates. 

Per cent.| Number Pounds. 
8.1 16 174,139 

20.3 22 2,078,672 
0.4 10 68,286 

54.6 16 1,421,152 
10.4 33 3,612,228 
3.0 12 475,293 
1.1 10 140,576 
2.1 12 323,907 143, 177 

100.0 131 8,294,253 4,060,796 

o——o——oSeason 1916-1917 e——_e-—e Season a 

Comparison with February I, 1917. 

Fig. 17.—Relative monthly holdings of frozen fowls in cold storage during seasons of 

1916-1917 and 1917-1918. (Base 100 equals holdings on February 1, 1917.) 
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Table 39.—Cold storage holdings of turkeys as reported on January 

1, 191 8. 

| 
{ 

Seetion 

Reported for January 1, 1918. Comparison with January 1, 1917. 

?Storages 
report- 

New England......... 
Middle Atlantic....... 
South Atlantie........ 
North Central (E).... 
North Central (W).... 
South Central........ 
Western (N)......... 
Western (S).......... 

Percent-| Storages 
Holdings age of |reporting 
reported. total | on both 

holdings.| dates. 

Pounds. {Per cent.}|Number. 
42,554 0.9 10 

910,633 19.9 21 
92,877 20) 11 

2,200,489 48.1 18 
671,868 14.7 28 
340,520 7.4 18 
61,343 1.4 8 

257,083 Sa6 11 

4,577,367 | 100.0 125 

January 1, January 1, 
LO 1918. 

Pounds. Pounds. 
61,924 10,285 

399,247 65,836 
424,559 84,915 
675,880 532,481 
402,835 284,964 
761.909 246,946 
122.697 61,343 
264,435 156,152 

2,813,486 1,442,922 

Decrease. 

Per cent. 
8 

bo Ke) 

OOOWNO OP 

Cs oe J 

o——o———0 Season 1916-1917 o——e——e Season 1917-1918 

| A nal a 
REECE ESS 

Fig. 18.—Relative monthly holdings of frozen turkeys in cold storage during seasons of 

1916-1917 and 1917-1918. (Base 100 equals holdings on January 1, 1917.) 
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Table 40.—Cold storage holdings of miscellaneous poultry as reported on 

January 1, 1918. 

Reported for January 1, 1918. | Comparison with January 1, 1917. 

: Percent-| Storages 
Section. Storages} Holdings age of |reporting| January 1, January 1, | Increase 

report- reported. total | on both 1917. 1918. or 
ing. holdings.; dates. decrease. 

Number Pounds Per cent.| Number Pounds. Pounds. |Per cent 
New England......... 26 1,835,341 9R2 11 8,213 2,095 |— 74. 
Middle Atlantic....... 62 6,121,836 30.5 28 1,475,669 683,991 |— 53.6 
South Atlantic........ 11 73,785 0.4 9 126,389 71,857 |— 43.1 
North Central (E).... 48 7,842,706 39.1 25 5,495,957 1,735,308 |— 68.4 
North Central (W).... 55 2,809,869 14.0 40 4,694,655 1,952,976 j|— 58.4 
South Central........ 23 403,644 2.0 15 67,604 79,015 |+ 16.9 
Western (N)......... 10 285,701 1.4 9 547.012 279,241 — 49.0 
Western (S).......... 19 676,763 3.4 14 1,081,844 640,689 j— 40.8 

Mota csecwess ees 254 20,049,645 | 100.0 151 13,497,343 5,445,172 {— 59.7 

o———o—_0 Season 1916-1917 —— Sean eee! 

Fig. 19.—Relative monthly holdings of miscellaneous frozen poultry in cold storage during 

seasons of 1916-1917 and 1917-1918. (Base 100 equals holdings on January 1, 1917.) 

Tables 41 to 46, inclusive, show the holdings of each month 
compared with those of the preceding month for the 1917- 
1918 season. These comparative holdings and the percentages 
of increase and decrease are based in each case on the hold- 
ings of the storages that reported for both months. 
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Table 41.—Monthly cold storage holdings of broilers for season 1917-1918 

as compared with previous months. 

: Comparative holdings. 
Storages 3 I : d 

Date. report- Current | Preceding nerease or decrease. 

ing. month. | month. 

| Number.| Pounds. Pounds. | Pounds. /Per cent. 
AN TGATESE th = eae thea Miclione caeeebaro tic Crer arrears 104 2,206,197 3,571,691 |— 1,365,494 |\— 38.2 
SSD TM eS Th aerate Oran to cs rc crea 100 2,457,563 2,910,416 |— 452,853 |— 15.6 
ED CRODEVERU Econo painel c finan bena core rar neers sie) cients 112 1,915,446 2,467,992 _— 552,546 |— 22.4 
Wameraperngsitinn: Mec sij a Baten) sauces ate, nie es | 120 3,637,273 | 3,375,672 |4+ 261,601 le Und 
[Decenmlocir GIB, Societe eee mete cia ease tssee lt wo2o oom 4,892,364 (+ 833,498 |+ 17.0 
SERPS 1 GO yee ae ae ee er 153. =| = 7,695,795 7,743,787 |— 47,992 — 0.6 
Bee hy rant aR pee to toy en oie chehenetn ses als. Sieyes eacyese 167 | 7,909,192 8,836,899 \— 927,707 |\— 10.5 
iyWieyiceley 1), 2A ase ae es ene ee ene eee 186 | 7,085,346 8,249,366 |— 1,164,020 \— 14.1 
PANO TM MR MMB Me err aye ciicticlajsteilersiersvctchels, oie aoa cau -e 187 | 4,784,657 | 7,301,237 |— 2,516,580 |\— 34.5 
MVTer ml pert usta ec ie (alls la lenecie cs ova jeieys sols “ellths 184 | 3,125,769 | 4,656,790 |— 1,531,021 (Ear 32.9 
EUEEV MT cea hee aes a laieaia se exeicenera hots ojos) 193 | 1,720,069 | 3,138,005 |\— 1,417,936 |— 45.2 
RTL? LS 5 Oo 2 petro een Pee a Reo an Cec ererer ee 187 | 1,311,800 1,717,404 |\— 405,604 |\— 23.6 

Table 42.—Monthly cold storage holdings of roasters for season 1917-1918 

as compared with previous months. 

Sforares| Comparative holdings. | 

Date. report- | Current |) Preceding | Increase or decrease. 

ing. | month. | month. | 

| Number.| Pounds. | Pounds. {| Pounds. {Per cent. 
PROUT ORS MLN eae, oiled hc caile vei ciceste, oud =) Alena lel sein | 105 | 3,3829;372) | 5,142,147 |— 1,182,775 |— 35.3 
DIRDLEMbEr Meets seen nee Sele overs els | 95 3,798,483 | 4,742,043 |— 943,560 |— 19.9 
(Creo GSH IL, iad HC OSE a ero Siepe ee | 98 | 2,576,421 3,849,008 |— 1,272,587 |— 33.1 
Sra TKTINC CaO ae a Sy 8 fo uce se scc che a <) « iterate seller 111 | 3,495,190 3,247,149 | 248.041 |+ 7.6 
IB eeereel Sei" 112 Sere a aiems Gee Choe eae hore S| 125 | 8,307,369 4,933,848 |+ 3,373,521 |+ 68.4 
Gerreray hs). 0 OER eee ees. smn enees, Sanit oy at laial 15,836,843 11,859,380 |+ 3,977,463 |+ 33.5 
LOVE Orrin ei eae e eteeiorcicne eee. Gtbin cia Giolc | 160 | 16,907,231 16,473,015 |+ 434,216 lint 2.6 
AV Uae ae Mer earache ee. cisie ena sea ete enalexe loce | 175 | 13,964,889 17,973,428 == 4,008,539 [== PPA) 
ANoratl OM u5 a dig Oc enh CCL roe te Pisco arco a 177 | 11,441,882 | 14,284,631 |— 2,842,749 ls 19.9 
UT aya lacie est ecae caus (os octe nyse ne. feseraireteieus se evane ects | 182 | 6,912,760 | 11,465,913 —— 4,553,153 |\— 39.7 
PITH Camere an, (Antes) oe Stauchdve ers Sie | 194 3,914,942 6,971,801 — 3,056,859 |\— 43.8 
ARUAG Th, SPL nepal Sere rene nen 186 | 2,320,322 3,922,071 — 1,601,749 |\— 40.8 

Table 43.—Monthly cold storage holdings of fowls for season 1917-1918 

as compared with previous months. 

| ‘| Comparative holdings. 
| Storages it 

Date. report- Current Preceding Increase or decrease. 
nes month. month. 

|Number. Pounds. Pounds. Pounds. {Per cent. 
PANIES MLE eis, 2h espts eke abe acis sates oes 108 1,712,420 1,905,856 |— 193,486 |— 10.) 
SIDE SENET s Sites catia eet doe ee en ae ees | 104 1,323,367 1,809,457 |— 486,090 |— 26.9 
GIGI? ISS 2a 8 Dee aa pee een ne ene ae | 110 1,225,924 | 1,239,743 |— 13,819 |j— 1.1 
Noverisermileers cys Sa oie Sn Ok ingle 125 2,176,705 | 1,971,430 |+ 205,275 |+ 10.4 
[Dreperaa | oan ill 5 des eran eh Mar en ee | 141 6,703,811 | 3,158,204 |+ 3,545,607 |+112.3 
UETESTE ETL) AE Oe nee ge a | 160 12,640,548 | 8,062,355 |+ 4,578,193 |+ 56.8 
Die oar replete Riek setshs 2 encore tad eran | 167 13,996,710 13,027,435 an 969,275 |+ 7.4 
Wile yp lareeesate yee raf ee i alias ae | 189 12,195,985 15,081,181 |— 2,885,196 |— 19.1 
pArrrovlauloner apts, lee Sc. ies iin seein ene hee 205) 9,218,182 12,519,027 |— 3,300,845 |— 26.4 
Wichy ppl ear etc ee So AY nes, e205 4,913,705 9,110,249 — 4,196,544 |— 46.1 
AITSTI® “U3 'e Sie se eee ae a | PALL 2,707,640 | 4,115,966 — 1,408,326 |— 34.2 
SURG UL oe uid Nel ee cl ode eR nee en eee ne 205 4,233,976 | 2,708,272 + 1,525,704 | 56.3 

Table 44.—Monthly cold storage holdings of turkeys for season 1917-1918 

as compared with previous months. 
1 

Comparative holdings. 
Storages Sa at Vea 5 

Date. report- Gurmenn Preceding | Increase or decrease. 

ing. month. month. 

Number.{| Pounds. Pounds. Pounds. {Per cent. 
PSII PUG CRE eye ak SPE gey os ie whos Bas ite Va ae | 107 3,180,131 3,504,521 |— 324,390 — 9.3 
Slepay rian] Sere", TU, Aaa An Bh ak en ee a a 102 3,050,118 | 3,443,601 — 393,483 |— 11.4 
WetODer pee ee eee cchy eae dete 108 2,620,729 3,136,508 |— 515,779 —- 16.4 
IWovemibenmiims won tt ks rine A AU 121 2,994,044 | 3,324,722 _— 330,678 |— 9.9 
DE Cemberglmy nk emer are aa iuene elena 131 2,019,048 6,399,075 |— 4,380,027 |\— 68.4 
ARETE ENA? TIL Ngo LR ei caer: (one Se oe ane I 170 4,321,615 2,954,272 |+ 1,367,343 |+ 46.3 
Heb rr av alee AEE ore cieis ctat cae 190 - 9,071,953 | 4,500,654 |+ 4,571,299 |+101.6 
AVE er CHM Mey -ay:).) chess stoatorete wegen ace Spe ents, 214 9,637,205 | 10,503,524 |\— 866,319 |\— 8.2 
Nope. TL neal ape ae ane cea et ae ee RE 214 8,573,882 | 9,737,875 |— 1,164,043 |— 12.0 
DW Da es TT suc oe ee i Ee 210 6,474,143 | 8,599,939 |\— 2,125,796 |— 24.7 
PUTO MN ewer he (etl erie titericcre eat cl amnrd y Sul n 205 5,934,887 | 7,317,169 = ISR oR | TG 
SUELO eLetter een hie Wh ON Ub enema 197 4,233,456 | 5,906,699 |— 1,A73,243 |\— 28.3 
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Table 45.—Monthly cold storage holdings of miscellaneous poultry for 

season 1917-1918 as compared with previous months. 

Comparative holdings. 
Storages 

Date. report- 
ing. 

Number. 
U NSTCGN Ey Hae We ea ae oes ice Gach ME RRM SS 153 
Septembert > Srtace oes sas ames 153 
October were. oe ey eer skeee ie ees 171 
INovembenilie. canmiaticcr ects ine cs clounas 190 
Mecembenw les vice eee ache ness 190 
FL AMUMTY Ae wee eC a ae eee 211 
Me bDrar yan lenin steno reais che la caraiers ays 224 
IViearee livelier eae rete eee ciara) chad genayele 235 
UeNjoyatl hil ae esis choca aha etoneaehe Oreo Galen Bea bonNee eet 243 
UV Deacy cal oe Wate oper newts Coders Gs Sanreta te ah sts fata taneta ae 238 
ULNA Silber nee ee Re Eee ee ee SNR RNa 242 
a ul yin vateae ee hs Mima as et taia gs Are senha eae ne eee Be 235 

Increase or decrease. Current Preceding 
month. month. 

Pounds. Pounds. Pounds. {Per cent 
35,602,249 39,731,499 |\— 4,129,250 |— 10.4 
31,995,244 35,077,131 laa 3,081,887 = 8.8 
32,729,238 40,310,178 |— 7,580,940 —— 18.8 
32,421,891 33,226,460 == 804,569 |— 2.4 
7,816,416 8,104,946 |— 288,530 |— 3.6 

18,239,448 14,780,241 -|+ 3,459,207 |+ 23.4 
15,439,245 19,767,286 |— 4,328,041 |— 21.9 
12,566,909 15,151,338 — 2,584,429 |— 17.1 
9,672,387 12,905,018 |— 3,232,631 |— 25.0 
4,975,171 8,694,017 |\— 3,718,846 |\— 42.8 
4,429,679 4,975,096 |\— 545,417 | 11.0 
5,781,039 4,611,548 |+ 1,169,491 re 25.4 

Table 46:—Monthly cold storage holdings of total frozen poultry for 

season 1917-1918 as compared with previous months. 

Comparative holdings. 

Date. Current Preceding | 
a month. month, | 

Pounds. | Pounds. {| Pounds. /Per cent. 
INGOEATIAB Geo oralen dis ania eosar eran 6 piste SOae ON OLS ea 46,030,369 | 53,855,714 |— 7,825,345 |— 14.5- 
September Wy stim ss aces nets cteay Seger inet ens ee 42,624,775 47,982,648 |— 5,357,873 |— 11.2 
OECD ae LON ote aac ee mer ohn Meera 41,067,758 | 51,003,429 |— 9,935,671 |— 19.5 
iNovemnber lise cer ne ease citing Met NnU Ut annie eth. chants 44,725,103 45,145,433 |— 420,330 |— 0.9 
DC Ce HIB CE LEE en etek ico ae oan er 30,572,506 | 27,488,437 |+ 3,084,069 |+ 11.2 
Ear lea es seen RE en aes emeriy Un pa 58,734,249 | 45,400,035 |+13,334,214 |4+ 29.4 
Me LU aT Yyaele ese coer anne tN ft ng cueem ety maiets Aoc ahs 63,324,331 62,605,289 |+ 719,042 |+ 1.1 
I ESIG(GLEL gs Lc fy MEA eA Nae Men oe ae 55,450,334 | 66,958,837 |—11,508,503 |— 17.2 
INEM il SRR AE, Ce Mn AC eat Vg Meee Bee cana 43,690,940 | 56,747,788 _—13,056,848 |— 23.0 
IVES TT af oe beet ee ae CAE Gatib el Seen HED g 26,401,548 | 42,526,908 |—16,125,360 |— 37.9 
THETA iat eile RgnRee tetas lysate e eter Wek) cay 18,707,217 | 26,518,037 |— 7,810,820 |— 29.5 
SIR NT Oe Nae TLE Vain” atau 17,880,593 | 18,865,994 |\— (985,401 |= 5.2 

Increase or decrease. 

Tables 47 to 52, inclusive, show the same data for the sea- 
son of 1916-1917. As previously stated, on account of the 
lack of reports from many warehouses these figures are very 
incomplete. 

Table 47.—Monthly cold storage holdings of broilers for season 1916-1917 

as compared with previous months. 

Comparative holdings. 
Storages 

Date. reporting. @urrent | Preceding | !ncrease or decrease. 
month. month. 

Number. Pounds. {| Pounds. Pounds. Per cent. 
Rae Ue sp eee nee ca EAT ae 58 317,135 178,571 |+ 138,564 |+ 77.6 
Pepa Sorel of iN ecem UML lla Rol ee a 49 440,556 243,166 |+ 197,390 |+ 81.2 
(OVS al eae ete a, Se AO Ne, UR a 65 1,099,604 661,589 |+ 438,015 |+ 66.2 
NfOw eri ber Ent ls cia Nereus hee 81 2,007,799 1,272,953 |+ 734,846 |4+ 57.7 
iD Yea Seral eyes oa epee sy Res be pean, 1k Fe 84 3,135,704 | 2,112,296 |+ 1,023,408 |+ 48.5 
NYU CLEATS Vesela ae ye alee noise g oleae SU ono ate 86 3,720,338 3,376,080 |+ 344,258 |+ 10.2 
Rebruary7dia ee oes week a ccamnan hacen S 90 3,903,888 4,177,467 |— _- 273,579 |— 6.5 
Niauatla eee amet nny eaten Babin nial e he 105 4,301,277 |° 4,146,388 |+ 154.889 |+ 3.7 
Aorta een set spe tecoee tone tei samo ney Nrcernrey ca ecg 111 3,143,788 4,337,197 |— 1,193,409 |— 27.5 
in re aioe ele NORE ARM CRN ute WRG 113 3,429,852 | 3,562,298 |— (1321446 |— 3.7 
Mme ss Was See WES ace eee an een ete td teh ttgs 134 4,387,479 5,104,412 |— 716,933 |— 14.0 
rile nee ee eee ERE NE 135 4,237,654 4940.446 |— 702:792 |— 14.2 
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Table 48.—Monthly cold storage holdings of roasters for season 1916-1917 

as compared with previous months. 

Comparative holdings. 
| Storages 

Date. report- Current Preceding Increase or decrease. 
ing. month. month. 

Number. Pounds. Pounds. Pounds. |Per cent. 
PAU BEETIS Geel Ones Ne elect atc Alel sca ercts\ ase eayeces oes 52 242,119 328,863 |— 86,744 |— 26.4 
Sebel Dermal senorita ar piety ean somei-ieie els 46 386,277 312,680 |+-: 73,597 |+ 23.5 
WHOA eke osc oyaker cua shevete with 55 981,079 398,434 |+ 582,645 |+146.2 
INjonaaal nate Tl tse eee ea Siete one re 71 2,000,800 972,656 |+ 1,028,144 |+105.7 
iDecenlitn' Aly im ote Seema e ciate a cia cere 75 4,631,215 1,976,390 |+ 2,654,825 |+134.3 
RHETT UTS Vane EP ERS eer one aise eel el cavers Gueite 80 6,184,658 4,895,194 |+ 1,289,459 |+ 26.3 
Tete] SreteeuT? “SEs ak, ee One i CRar eee rae 88 5,513,471 6,222,169 |— 708,698 |— 11.4 
icra meee ete | ce piss vetichatehase are wale snacks 101 5,350,258 6,167,056 |— 816,798 |— 13.2 
Ajarril Do okt Shea ce cee SR eee eee 107 4,772,702 5,494’683 |— 721,981 |— 13.1 
INI? TL 3S SB OE nee CrRDIS EN eee ae ee 114 5,604,246 6,032,829 |— 428,583 |— 7.1 
icaTic WIEN ety eu. Fu euevcher chs. cysustaaae 140 6,967,872 7,963,991 |— 996,119 |— 12.5 
AIDES The c, ag ak Eaee Sie RES CREO ee oC 143 6,407,242 7,539,751 J— 1,132,509 |— 15.0 

Table 49.—Monthly cold storage holdings of fowls for season 1916-1917 

as compared with previous months. 

ipar Comparative holdings. 
storages 

Date report- Gurent Preceding Increase or decrease. 

ing. month. month. 

Number. Pounds. Pounds. Pounds. |Per cent. 
PATONIS MPR a es sees st eels Sie Back severe ie 63 388,349 390,131 |— 1,782 |— 0.5 
Slepeneraal cre iL Sees ae eee eee ra 60 863,582 386,790 |+ 476,792 |+123.3 
(eR Se Tas 3! Se lee ets earene semen 69 1,018,180 829,555 |+ 188,625 |+ 22.7 
INOMEMberp mmr. os ilee Sekine es 89 1,615,081 1,283,845 |+ 331,736 |+ 25.8 
ID ereerral Sere TE Rai eo eres caer 94 3,546,615 1,735,088 |+ 1,811,527 |+104.4 
PU UYAUT aT ae sy ea iotton wx) sche cose coca Wasaickeaes 93 5,741,491 3,937,126 |+ 1,804,365 |+ 45.8 
TRIG RUA VAN Eto ace ce siais eee ahaa. eens See ous 99 6,554,853 5,945,038 |+ 609,815 }+ 10.3 
IMGT aL Tl, a Gene Cae Ree eer ee ketene cuenta ie 117 4,985,630 6,768,474 |— 1,782,844 |— 26.3 
ANjoynlll Tb dinc.03 Sole oe eRe Sen ean career 127 3,364,330 4,992,144 |— 1,627,814 |— 32.6 
PNT ED pe pee ee SN ae Nvee canis cov ae nye femme aera. leks Pe tasiays 131 4,196,011 4,685,604 |— 489,593 |— 10.4 
RUT ta eae are Ore neha a ea nua sige 2 es 155 4,364,944 5,058,295 |— 693,351 |-- 13.7 
BUital aap pepe ee ease as oats paz uatls Gi oatedee ataecaya 154 3,755,639 4,683,995 |— 928,356 |— 19.8 

Table 50.—Monthly cold storage holdings of turkeys for season 1916-1917 

as compared with previous months. 

Date. 

PANIC S MMM ey sts conciiaw chteeenekene, hove ce sca ase 
Sieyanitesael overt Ly eee apes eel Ie ela ea a ee 
Mctobenw erry ee er eed cos) Sowa ered 

» UaTaCRIN7. IDS Ges tead-ern eke ceo eon ae oe ors 
February 1 

Comparative holdings. 
Storages 
report- Gament Preceding Increase or decrease. 

ing month. month. 

Number. Pounds. Pounds. Pounds. {Per cent. 
59 148,230 179,179 |— 30,949 |— 17.3 
47 138,737 | 147,243 |— 8,506 |\— 5.8 
57 188,022 143,364 |+ 44,658 |+ 31.2 
72 313,486 196,939 |+ 116,547 |4+ 59.2 
77 2,321,957 406,282 |+ 1,915,725 |+471.6 
97 2,612,143 2,347,933 |+ 264,210 |+ 11.3 

108 2,737,621 2,774,037 |— 36,416 |— 1.3 
122 3,201,978 2,818,308 |+ 383,670 |+ 13.6 
127 2,444,708 | 3,175,288 |— 730,580 |— 23.0 
124 2,938,689 2,868,199 |+ 70,490 |+ 2.5 
145: | 4,354,613 4,290,907 |. 63,706 |-- 1.5 
143 «| 3,971,127 | 4,546,865 |— 575,738 |\— 12.7 

Table 51.—Monthly cold storage holdings of miscellaneous poultry for 

season 1916-1917 as compared with previous months. 

Comparative holdings. 
Storages 

Date. report- | Current 
ing. | month. 

Number Pounds. 
ANTIGENS (lena Reale saa Rem Nene Rea me RC RET 89 5,298,918 
SEDLCIDDET MIG eres ed een Moneta mean val 84 6,723,311 
WCLODETA Mey eer eho eer eee ah 99 6,830,107 
Nowemiberinl tn Aeros et Meni a Ulye 127 24,158,388 
Wecemiperm lee acne Spin cae ee een 115 5,642,769 
AUEUTA TSU Tay aah tet ar emo eee LI ttn OE her eta ste 12,255,876 
IBlelruramyan tee pine ve aati incon 125 9,390,516 
Vic hehe abil cents seer lay ue GO har a 138 9,194,858 
AN foperill <1) 5) gee at atte Asn ope R Ain Ie nis Ned UN aad 149 7,970,741 
EV Ueaiyaas eee pore rege peel in (ete beet he NEN Se 147 4,608,660 
AIRUORE TU op San TERS Pte eae oe ure RCD 139 35,323,239 
FRU? Ue ks etsy Oe Sc ROL IR oe Te 164 8,186,381 

Preceding Increase or decrease. 

month. 

Pounds. Pounds. {Per cent. 
5,083,011 |+ 215,907 |+ 4.2 
5,985,629 |+ 737,682 |+ 12.3 
5,780,579 |+ 1,049,528 |+ 18.2 

15,401,995 |+ 8,756,393 |+ 56.9 
3,957,102 |+ 1,685,667 |+ 42.6 
8,796,700 |+ 3,459,176 |4+ 39.3 

10,688,855 |—- 1,298,339 |— 12.1 
10,020,075 |— 825,217 |— 8.2 
9,392,650 |— 1,421,909 |— 15.1 
5,328,260 |— 719,600 |\— 13.5 

39,675,388 |— 4,352,049 |— 11.0 
8,426,829 |— 240,448 |— 2.9 
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Table 52.—Monthly cold storage holdings of total frozen poultry for 

season 1916-1917 as compared with previous months. 

Comparative holdings. 

Date. = Garment Preceding Increase or decrease. 

month. month. 

Pounds. Pounds. | Pounds. Per cent. 
DUIS TL ag a uni Dey ice Rice EMU CL ae el tciae asad era Pat Als 6,394,751 6,159,755 |+ 234,996 |4+ 3.8 
Seppemalbencgl ee Noi teres Nees 2 TU os gel suena 8,552,463 7,075,508 |+ 1,476,955 |+ 20.9 
OEto per Tr eS Ua Pla aaa toceliv nt ye Nee sate 10,116,992 7,813,521 |+ 2,303,471 |+ 29.5 
INOViemlberiiih ee lh eel ral Ceep iti) cathe rele i Atra phn 30,095,554 19,127,888 |+10,967,666 |+ 57.3 
ID EGET ETON a eee N ea Mae an ha Ao fy ok MEN A 19,278,260 10,187,108 |+ 9,091,152 |+ 89.2 
HIE WOLD EEW hia GLy ies Agen cist Legs Galina a On ae Vee a at NT 30,514,501 23,353,033 |-+ 7,161,468 |+ 30.7 
I NELO AORN ATAU S at COMI ana OK sana CEM aE a obo 28,100,349 29,807,566 |— 1,707,217 |— 5.7 
MV e Hye Serene et ites Inara Us Tear ide, Sun rae als 27,034,001 29,920,301 |— 2,886,300 |— 9.6 
UNS UU TARAS! Tete fear CL Sb QO ene OL 21,696,269 27,391,962 |— 5,695,693 |— 20.8 
MU aay Adtran Ree Hers curr GE Win a LACLEDE Chae: olen 20,777,458 22,477,190 |— 1,699,732 |— 7.6 
AWOL 5 S's 65 SATE RA ONS RTE cba COHTONET Sct Maar Scr on 55,398,147 62,092,993 |\— 6,694,846 |— 10.8 
A FUU RT aPA US Se IA OU To eA rer 98 a Io ROS te Ds Re RG pr eee CO 26,558,043 30,137,886 |— 3,579,843 |; 11.9 

Figures 15 to 19, inclusive, show the comparative monthly 
holdings and movement of each variety from July 1, 1916, to 
July 1, 1918. It is realized that the monthly holdings and 
increases and decreases in holdings as shown for these two 
seasons are probably abnormal and cannot be considered as 
representative of the average season. 

DISTRIBUTION OF REPORTS. 

The reports of storage holdings issued by the Bureau of 
Markets are distributed upon specific request to all firms or 
individuals desiring them. Application should be made to the 
Bureau of Markets, Department of Agriculture, Washington, 
D. C. 

In addition to the detailed mail reports a brief summary of 
each is distributed free of charge through the branch offices’ 
of the Bureau. This summary does not contain as much infor- 
mation as the detailed report and is issued several days in 
advance of it. It is sent over the Bureau’s leased wires to 
34 branch offices in some of the more important cities 
throughout the United States. The following list of offices 
now publish monthly summaries: Atlanta, Buffalo, Birming- 
ham, Boston, Butte, Chicago, Cincinnati, Cleveland, Columbus, 
Detroit, Denver, Des Moines, Fargo, Fort Worth, Houston, 
Indianapolis, Jacksonville, Kansas City, Lancaster, Memphis, 
Minneapolis, New Orleans, New York, Oklahoma City, Omaha, 
Philadelphia, Pittsburgh, Portland, St. Louis, St. Paul, Salt 
Lake City, San Francisco, and Spokane. 

Any person or firm in these cities desiring this advance 
information may secure it by making arrangements with these 
offices direct. Persons in cities not having branch offices may 
request that it be sent them by telegraph, charges collect, thus 
receiving it at approximately the same time that it is published 
in Washington or in the branch offices. 



¥; BULLETIN No. 777 
Gontribution from the Bureau of Animal Industry 

JOHN R. MOHLER, Chief 

Washington, D.C. V July 10, 1919 

FATTENING STEERS ON SUMMER PASTURE IN 

THE SOUTH. 

By W. F. Warp, formerly in Animal Husbandry Division, Bureau of Animal In- 

dustry; DAN T. Gray, formerly Professor of Animal Husbandry, Alabama 

Polytechnic Institute; and . R. Lioyp, Director of Mississippi Experiment 

Station. 

| HE experiments described in this bulletin required several years 

for completion, but in view of present opportunities for live 

stock in the South and efforts to reduce production costs, the 

results are of unusual current interest. The bulletin treats each ex- 

periment separately as follows: 
Page 

I. Fattening Steers on Summer Pasture, Alabama, 1912____________ 3 

II. Fattening Steers on Summer Pasture, Alabama, 1913____________ 8 

III. Fattening Steers on Summer Pasture, Mississippi, 1915__________ 12 

IV. Fattening Steers on Summer Pasture, Mississippi, 1916 __________ 16 

VY. Summary of the Four Years’ Summer Fattening Work __________ 2 

PURPOSE OF WORK AND PREVIOUS EXPERIMENTS. 

The producer of beef in the South depends largely on pasture for 
growing and finishing his cattle for market. A great variety of 
valuable pasture plants is found. Some of the plants make rapid 
growth early in the spring; others flourish later in the heat of 
summer; still others furnish abundant grazing in the fall. Coupled 
with these conditions is the smaller proportion of tillable land in the 
South than is found in the corn-belt States; that fact makes the area 
left for grazing proportionately more extensive. For these reasons 
sound information on the proper use of southern pasture lands for 
beef production is of more than average importance. . 

The first of a series of experiments in fattening steers on grass, con-. 
ducted jointly by the Bureau of Animal Industry and the Alabama: 
Experiment Station, was begun in 1908 and continued during each 
grazing period until 1913, inclusive. In 1915 similar work was 
commenced in Mississippi cooperatively with the Mississippi Experi- 
ment Station. Results of summer feeding to and including 1911, 

1 Acknowledgment is due G. A. Scott and S. W. Greene, of the Animal Husbandry :Di- 

vision, United States Department of Agriculture, for assistance in compiling this bulletin. 
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together with other experiments in wintering and dry-lot feeding 
of beef cattle, have been published.* 

_ This bulletin is confined to reports of four summers’ feeding—two 
in Alabama in 1912 and 1913 and two in Mississippi in 1915 and 
1916. Each year’s test is reported separately. 

Fig. 1.—The shaded area represents the portion of the Southern States to which 
the results obtained in, the feeding experiment are applicable. The unshaded 
portions within the shaded area represent coastal plain and piney-wood sections 
where soil and pasture conditions are different from those applicable to the 
experiment. The circles in Alabama and Mississippi show the approximate loca- 
tions of the test farms. The locations of the various cattle markets to which 
southern cattle are shipped ig also: shown. 

All tests were carried out under actual and typical farm condi- 
tions; consequently the results may be applied directly to the manage- 
ment and feeding of cattle on pasture in southern regions where 
climatic conditions and pasture grasses are similar to those of 
Sumter County, Ala., and Clay and Madison Counties, Miss., which . 
will be deseribed. 

The experiments of 1912 and 1913 were conducted on the farm of 
OQ. E. Cobb, Sumterville, Sumter County, Ala., where several years’ 
experimental work with beef cattle already had been done. The 
cattle, feed, and pastures were furnished by Mr. Cobb. The bureau 
employed 8. S. Jerdan to have direct charge of the management and 
feeding and to keep records of the work. 

1 See Bureau of Animal Industry Bulletins 103, 147, and 159, and Department of Agri- 

eulture Bulletins 78, 110, 761, and 762. 



I. FATTENING STEERS ON SUMMER PASTURE. 
ALABAMA, 1912. 

OBJECTS AND PLAN OF THE EXPERIMENT. 

The general plan of the work was similar to that followed in previ- 
ous years. Usually the steers were purchased in the fall, carried 
through the winter, divided into lots in the spring, and put on pasture 
as soon as the grasses were well started. In this experiment most of 
the steers were purchased late in the spring and put on pasture late 
in May, with the intention of finishing them for market early in the 
fall. 

The 90 steers available were divided and fed as follows: 
Lot 1, 29 steers, pasture alone. 

Lot 2, 25 steers, pasture and one-half corn chop and one-half cottonseed cake. 

Lot 3, 36 steers, pasture and cottonseed cake. 

The lots were purposely unequal in number to conform to the size 
of pasture used. 

The objects of the experiment were (1) to continue the study of 
fattening steers on pasture; (2) to determine whether it is profitable 
to feed cottonseed cake to cattle on pasture; (8) to compare cotton- 
seed cake with a ration of one-half cottonseed cake and one-half corn 
chop for finishing steers on pasture; om (4) to see which of the three 
methods is most profitable. 

The steers of the three lots were chiefly grade Herefords, Short- 
horns, and Aberdeen-Angus. A few were grade Red Polls. All 
were 2 and 8 year olds of fair quality. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed cake used in this test was nut size and of good 
quality, containing about 38 per cent crude protein. The advantages 
of feeding cake instead of meal are these: Rains do not make the 
cake unpalatable and winds do not blow it out of the feed bunks; the 
cake requires chewing, and greedy steers can not-eat more than their 
share at the expense of the timid ones. When cottonseed meal is 
fed in open pastures, rain and wind are liable to cause waste; greedy 
steers bolt it and often get scours, which causes the animals to feed 
out unevenly. 

The corn was shipped in and part of it was badly damaged. That 
fact must be considered when comparing the gains of the steers in 
lot 2 with those of the other lots. The cottonseed cake cost $28 a 

ton on the farm. The corn chop was charged to the steers of lot 2 
at an average price of 854 cents a bushel. 

3 
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The character of the pasture lands and grasses is described in De- 
partment of Agriculture Bulletin 110, entitled “ Fattening Cattle in 
Alabama,” from which the following is quoted: 

The summer pastures used in these experiments consisted of a mixture of 

sweet clover (melilotus), Japan clover (lespedeza), Johnson grass, crab grass, 

and some Bermuda grass. The sweet-clover seed had been planted, but the 

other plants were purely voluntary. As a rule sweet clover becomes available 

for light grazing by March 15, while the Japan clover and Bermuda grass 

seldom afford good grazing before May 15. 

Rains and showers were frequent throughout the summer, and 
abundant grazing was furnished by the pastures until September, 
when it became very dry. The pastures were charged to the steers 
at 50 cents a head for each period of 28 days. 

METHOD OF FEEDING AND HANDLING THE CATTLE. 

The three lots of steers were put on pasture May 28, 1912. The 
pastures had not been used for a month and were in fine condition. 
The steers were weighed at the beginning of the work and again at 
the end. As some of them were extremely wild, the former practice 
of weighing every 28 days was discontinued. 

Lots 1 and 2 were supplied with good artesian water, while lot 3 
had water only from pools in the pasture. All the cattle were salted 
once a week. The cattle of lot 1 had little attention other than 
salting. Lot 2 was fed once a day, about sundown, cottonseed cake 
and corn chop, and lot 3 was fed cottonseed cake in troughs placed 
in the pasture. The cattle went on feed well, and came up for their 
feed with little trouble. 

All steers were dipped four times during the progress of the 
experiment to insure freedom from ticks. 

RESULTS OF THE EXPERIMENT. 

A summary of this test is shown in Table 1. 

TABLE 1.—Results of summer steer feeding in Alabama, 1912. 

Lot 1. Lot 2. Lot 3. 

Pasture 
and one- 

Ttem. half corn | Pasture 
Pasture aaa ava and 
alone D cottonseed one-half cane 

cottonseed i 
cake. 

Numibeniofisteens#e ssi eect ss Se Pe SR eee 29 25 36 
Way siotfeedinguperiodec ts tee ares ears 2 Ra ee eee 112 106 101 
Average daily ration per head: 

Cottonseed: Cake sys. SnN Spel ssc aie open cS arye 1.75 3. 56 
Cornichopee eye yy: Va eee a ee ee ae UTD Aya ee 

Cost of feed per 100 pounds gain ..-.._.. me B1. 7 $5. 14 $5. 32 
Cost per head to feed through summer. $7. 36 $6. 88 
Jmitialicost of steers... -.-.---2------+---- $3. 87 $3. 87 
Selling price of steers.........-.-.-..---- ug : $4. 75 $4.75 
A Verago profit, Mer Steer ek ses cee ceikse dome etna see cote scoauses : $4. 69 $4. 61 
iPericemtidressedeas S.c2 ce keh a aia es ES pee ts aa gy ae a Sh ; 51.91 51.62 
“Average initialweleht=.caes eae. saan ace eee eee nee pounds. . -601 611 
Average final (market) weight per head...............-..-.-.- dole 763 744 740 
Average total aim perihead oles moe cn ciomeies see seen eis Hee do.... 117 143 129 
AVeragedailyscainy per headers) see eee. aa eee eee eee see Gomes 1.04 1.35 1. 28 
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DAILY RATIONS. 

When the steers were started on pasture, May 28, each steer of 
lot 2 received 2.5 pounds of cake and corn mixture daily, and practi- 
cally the same quantity of cake alone was fed to each steer of lot 3. 
These moderate allowances were gradually increased until July 18, 
after which a full feed of 4 pounds of the concentrates was given 
daily per head until the end of the experiment. 
When it is recalled that some of the corn fed to lot 2 was damaged, 

and that previous experiments had shown that 100 pounds of cotton- 
seed cake usually produce as much gain on steers as 200 pounds of 
corn, it was to be expected that the steers of lot 8 would make the 
best gains. 

WEIGHTS AND GAINS. 

The steers were shipped about 50 miles to market, and the shrink- 
age was estimated at 3 per cent, thus making the actual daily+ gain 
of the steers in all lots somewhat larger than those shown in the 
table. 

Comparison of the relative daily gains shows that lots 2 and 3 
made more rapid gains than lot 1, as would be expected. The steers 
fed a ration of corn chop and cottonseed cake gained faster than 
those fed cottonseed cake along with the pasture. 

The cost of producing 100 pounds increase in live weight in the 
different lots is much in favor of lot 1. With pasture charged at 50 
cents a head for each 28 days, 100 pounds gain in lot 1 cost only 
$1.71. The average cost of 100 pounds gain in lots 2 and 3 was $5.14 
and $5.32, respectively. Thus cheap pasture made the cost of gains 
lowest for the steers of lot 1, while the more rapid gains of lot 2 were 
produced 18 cents more cheaply per 100 pounds than those of lot 3, 
although lot 3 received slightly cheaper feed than lot 2. 

SLAUGHTER DATA. 

The steers were sold to butchers at Meridian, Miss., about 50 miles 
from the farm. The dressing percentages show that the steers of lots 
2 and 3, which were fed cake and corn, dressed out approximately 
3 per cent higher than those getting pasture only, which indicates the 
higher finish on the calke-and-corn-fed steers. The higher selling 
price received for these cattle justified the extra cost of the feeds, as 
will be seen in the financial statement. 

Taste 2.—Slaughter data. 

Market | Average 
Lot No. Number weight | weight of Per cent 

of steers. per head.| carcass. dressed. 

Pounds. | Pownds. 
Lg conc GES SS SISO EINE CELE RET ERE eee ea PR ag, A 29 763 371 48.65 
ee ete oa see See Sen ne Mea eins cis scie 2 eee lcSene 5 SNE 25 744 386 51.38 
Boo coccineile ae SOBRE BEBO Oe ae tee aa amet. cess Hier cSeaccc 36 740 382 51. 62 
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FINANCIAL STATEMENT. 

All the steers cost $3.87 a hundredweight, but those of lot 1, which 
had pasture alone, sold for 75 cents less per hundredweight than those 
of the other two lots. The average profits on the steers of lots 1, 2, 
and 38 were $3.47, $4.69, and $4.61 per head, respectively. While a 
very small margin was realized on the steers, all returned a profit. 
The more rapid gains made by the steers of lot 2 account for the 
slightly greater profit this lot gave over lot 8, while the low rate of 
gains and the comparatively poor finish of those of lot 1 accounts 
for the smaller profits they returned. A feeder must not be misled 
by the high cost of gains alone, as the higher price paid for extra 
finish on steers often more than compensates for the added cost of 
feeding relatively high-priced feeds. 

RELATIVE VALUE OF MANURE. 

Another feature, which does not appear in the results tabulated, 
is the beneficial effect of the manure on the pasture. The manure 
from cattle fed cottonseed cake or meal is richer in nitrogen than that 
from steers fed on pasture only. For example, the steers of lot 3 
consumed 13,054 pounds of cottonseed cake containing approximately 
800 pounds of nitrogen, practically all of which is returned to the 
pasture as manure. This nitrogen, valued at 20 cents a pound, is 
worth $160. If we add the value of the phosphoric acid at 4 cents a 
pound and the potash at 5 cents a pound, we have a total of about 
$185. 

Thus pastures grazed by steers’ fed high-protein feeds, such as 
cottonseed cake and meal or cotton seed, receive the benefit of the 
fertilizing elements the feeds contain, and consequently become more 
fertile from year to year. 

TABLE 3.—Funancial statement. 

Lot 1, fed pasture alone: 
To 29 steers, 18,745 pounds, at $3.875 a hundredweight_______________ $726. 36 
To pasture charges, 112 days at 50 cents a head for 28 days_____-__--__ 58. 00 

Total (expenagi turer. Vc) se ye etre Regs tol PIVEN Sia LCE UE Re Ble RN St tea as 784. 86 

By sale of 29 steers, 22,122 pounds, at $4.00 a hundredweight__________ 884. 88 

AWon ez psy Ob wap ny eam eemeee LR SRL en MAG UE Oe Nt CG Say ee SH ee kL Tk ee EE Ee oe 100. 52 
UNE EAE EN A Of OME Fhe) OYE) taggly 10 (as cep were see OIA ce Lee eat US 3. 47 

Lot 2, fed pasture with one-half cottonseed cake and one-half corn chop: That 
To 25 steers, 15,014 pounds, at $3.875 a hundredweight_______________ 581. 79 
To pasture charges, 106 days at 50 cents a head for 28 days______-_____ 47. 50 
To 4,662 pounds cottonseed cake at $28.00 a ton___-_______----______ 65. 27 
To 4,662. pounds corn at 854 cents a bushel__-_________-_______-______ 71. 20 

Ma Bay EST) EAC ch aY on ONG DT DN ey tea ep Al ee CR ee hc Gh ne ee LAL Pe 765. 76 
By sale of 25 steers, 18,592 pounds, at $4.75 a hundredweight____________ 883, 12 

Ma boy ez WIR) oxo gt mean ee tak EEL eC Rg Te 117. 36 
IAVeTA Sem pLOtis eT De Ce ee eee ae ee ee ee oe ee eee 4. 69 
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Lot 3, aed pasture with cottonseed cake 
36 steers, 22,000 pounds, at $3. 87 PMUundredweisht ls. a we eee $852. 50 

re pasture charges, 101 days at 50 cents a head for 28 days____________ 64. 90 
To 13,054 pounds cottonseed cake, at $28.00 a ton_-_________________ 182. 76 

PRO tie) eC TIGL UO ees tee mene = mei Re ee eR Ee nd Ea SNE Ee RN 1, 100.16 
By sale of 36 steers, 26,654 pounds, at $4.75 a hundredweight__________ 1, 266. 06 

A EAD aT TCT te eee eee ee Re PL ep es RR pe a ek 165. 90 
PEL v Ee DLOMG er Aned ds see: 22 ee 8 a ee Se a 4.61 

SUMMARY OF ALABAMA EXPERIMENT, 1912. 

1. The objects of this test were, (1) to determine whether it is 
profitable to fatten cattle on summer pasture in Alabama; (2) to 
compare the results of fattening on pasture alone and on pasture 
supplemented with cottonseed cake and a combination of cotton- 
seed cake and corn chop; and (3) to compare the relative value, for 
fattening cattle on pasture, of a combination of cottonseed cake and 

~ corn chop with that of cottonseed cake alone. 
2. Ninety grade cattle of the beef breeds were used in three lots 

and fed as follows: Lot 1, 29 head, pasture alone; lot 2, 25 head, 
pasture and a mixture of one-half cottonseed cake and one-half 
corn chop; lot 3, 36 head, pasture and cottonseed cake. 

3. Besides the pasture the average daily ration per head was 1.75 
pounds each of cottonseed cake and corn chop for the steers of 
lot 2, and 3.56 pounds of cottonseed cake for those of lot 8. 

4, The average daily gains per head, using the market weights as 
the final weights, were 1.04 pounds, 1. 35 saree and 1.28 pounds for 
pa 1, 2, and 3, respectively. 
To cranes 100 pounds of gain it cost $1.71 for the steers of 

fot: 1, $5.14 for lot 2, and $5.32 for lot 3. 
6. The cattle of lots 2 and 3 dressed out practically the same, 51.91 

per cent and 51.62 per cent, respectively. The steers of lot 1, fed on 
pasture alone, dressed out only 48.68 per cent. 

7. The market price received for the steers of lot 1 was 75 cents a 
hundredweight less than for those of the other lots. The average 
profits per head were $3.47 for lot 1, $4.69 for lot 2, and $4.61 for 
lot 3. 



II. FATTENING STEERS ON SUMMER PASTURE, 
ALABAMA, 1913. 

OBJECTS AND PLAN OF THE WORK. 

The experiment conducted during the summer pasture season of 
1913 was essentially a duplicate of the previous year’s test except 
that in the ration of lot 2 corn-and-cob meal was substituted for corn 
chop. Three lots of steers were carried on pasture from spring 
until early in the fall, when they were marketed. The 77 head used 
were divided into three lots and placed on pasture April 8, where 
they were fed as follows until September 2, when they were sold: 

Lot 1, 26 steers, pasture alone. 

Lot 2, 25 steers, pasture with one-half cottonseed cake and one-half corn-and- 

cob meal. 

Lot 3, 26 steers, pasture and cottonseed cake. 

DESCRIPTION OF CATTLE USED. 

The steers used were mostly 3-year-olds, with a few 2-year-olds 
that had been wintered on the Cobb farm. All were in thrifty con- 
dition April 8, 1918, when initial weights were taken. Most of the 
cattle were grade Aberdeen-Angus, Herefords, and Shorthorns, 
though a few showed Jersey blood. In general the steers were typi- 
cal of those raised in Alabama at the time of the experiment. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed cake and meal were of good quality, containing 
about 38.6 per cent crude protein, and cost $27.50 a ton at the farm. 

Late in July the supply of cottonseed cake was exhausted and cot- 
tonseed meal was used to finish the steers. 

The corn, which was fed as corn-and-cob meal, was sound and 

good. The entire ears and the husks were ground together and 
charged against the steers at 70 cents a bushel. 

CONDITION OF PASTURES. 

The same pastures were used as in the 1912 experiment, but all of 
them furnished better grazing. The pasture of lot 1 had more 
sweet clovers. The only water in the pasture of lot 3 was that in 
ditches and pools; lots 1 and 2 had beth well water and ditch water. 
Except for a short, dry period early in May, rains were quite fre- 
quent, and the steers had an abundance of grass throughout the 
summer. Pasture was charged at 50 cents a head for each 28-day 
period. 

8 
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METHOD OF FEEDING AND HANDLING. 

Each day, about sundown, the steers in lots 2 and 3 were fed in 
troughs in the open pasture. Initial and final weights of every 
animal were taken and each lot was weighed at the end of each 28- 
day period. All were dipped in an arsenical dip five times during 
the experiment, to keep them free from ticks. Salt was provided once 

a week. 
RESULTS OF THE EXPERIMENT. 

Table 4 shows the chief features of the experiment. 

Taste 4.—Results of summer steer feeding in Alabama, 1913. 

Lot 1. Lot 2. Lot 3. 

Pashue and 

Item. eae Pasture 
Pasture were pnd-cep and 
alone cottonseed, one-half cara 

cottonseed. f 
cake. 

INBTETMMO RO USHCTSiieiee ccice sinmictsicinis com aascisetiae Steteweci« siiait=eeyserierrats 26 25 6 
Days Obfeeging PeriOG: - eee ee one en eae = ee noe 147 147 147 
Average daily ration per head: 

Wottonscedicakes sees ses oe ge osetia d soeccaee suc chiee pounds | ees ee 1.79 3.70 
(Corn-and-cobimieal sts ek Ge sesh es et fee ok Sines dows seek BL USC Semele 

Cost of pasture and feed for 100 pounds gain.................-..-... $1. 09 $3. 51 $3. 27 
_ Cost per head to feed through summer............-..---.----------- $2. 62 $9.71 $10.12 
Initial cost of steers per 100 pounds..........-....------.---5------- $5. 25 $5. 25 $5.25 
Selling price of steers per 100 pounds. ..-...........-.-2-22--22-2----- $5.00 $6. 00 $6. 00 
Average profit per head --.- 2. ---- 32.  neeeen een s $6. 60 $8. 27 $11.23 
Average initial weight per head ............-.-.-----.----- pounds. . 610 588 593 
Average final (farm) weight per head...........-.-.-.-.----- dowece 850 840 902 
Averaretotalcain perhead 2522205030... J doles 240 252 309 
Average daily gain per head..........-...-.----222----eeeeee do.... 1.63 Wer 2.10 

DAILY RATION. 

The steers had been fed cake lightly for about 5 weeks before the 
test. Lots 2 and 3 were given, therefore, 3 pounds of concentrates 
per head at the beginning, and the quantity was gradually increased 
until on May 10 the steers of lot 2 were eating daily 2 pounds of 
cottonseed cake and 2 pounds of corn-and-cob meal per head, and 
those of lot 3 were each eating 4 pounds of cottonseed cake daily. 
These quantities were fed daily until the end of the experiment, Sep- 
tember 2. 

COMPARATIVE GAINS. 

Lot 1 made an average daily gain of 1.63 pounds a head, a very 
satisfactory result for such steers. 

Lot 2 gained 1.71 pounds per head daily. While this gain was 
greater than that of the steers in lot 1, it is less than would be ex- 
pected from the feeding method used. 

Lot 3, having cottonseed cake in addition to pasture, made very 
good gains for that class of steers. From the standpoint of produc- 

102287°—19—Bull. 777 2 
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ing rapid gains, the results indicate that cottonseed cake alone as a 
supplement to pasture is greatly superior to the half-and-half mix- 
ture of cottonseed cake and corn-and-cob meal fed to the steers in 
lot 2. 

COST OF GAINS. 

The cost of gains was lower than in the previous year, attributable 
to the more rapid gains made in 1913 and the slightly cheaper feeds. 

The pasture, charged at 50 cents a head for each 28-day period, - 
cost $2.62 per steer throughout the 147-day period. This, of course, 
was the entire feed charge against the steers of lot 1. It cost $9.71 

a head to pasture and feed the steers of lot 2, and $10.12 a head for 
those of lot 8. The rapid gains of the steers in lot 3, however, made ° 
the cost of gains lower than those of lot 2, although the latter were 
getting cheaper feed. 

The steers were sold by farm weights less 3 per cent shrinkage, 
and were shipped to Meridian, Miss., for slaughter. AIl were not 
shipped at the close of the experiment, so that the slaughter records 
were not obtained. 

‘ FINANCIAL STATEMENT. 

The value of the steers at the beginning of the experiment was 
$5.25 a hundredweight. Those of lot 1, which had pasture only, sold 
for $5 a hundredweight in the fall, but even in the face of such a 
handicap made a profit of $6.60 a head. This remarkable showing is 

due entirely to the good gains which the steers made on cheap pas- 
tures. The steers in the other two lots were fed the supplemental | 
ration to advantage, since they sold for $6 a hundredweight, which 
was $1 more than the lot 1 price. The relative profits indicate that 
it pays to feed cottonseed cake to steers on pasture, but the substitu- 
tion of corn-and-cob meal, which costs but a few dollars a ton less 
than cottonseed cake, for one-half the cake, is not so profitable as 
feeding cake alone. 

The value of manure from the steers of lots 2 and 3 also must be 
considered. 

The important results agree with those obtained the previous year 
and again high costs of gain, due to the additional feed of cake and 
corn, were more than paid for by the higher selling price of the bet- 
ter-finished steers in lots 2 and 3. 

Taste 5.—Financial statement. 
Lot 1, fed pasture alone: 

To 26 steers, 15,854 pounds, at $5.25 a hundredweight____________--____ $832. 33 — 

To pasture charges at 50 cents a head for 28 days______-_-___--___----__-- 68. 25 

"Dba | esxeqy ern UU tar ee ET a ae ee 900. 58 

By sale of 26 steers, 21,447 pounds, at $5 a hundredweight_____________~ 1, 072. 35 

Oba Sao nn t ese oe a ees ee ne Ee ae ens ee 171. 77 
(Average :pROlt per steer 2s)". es ee ee ee ee ae eee eee 6. 60 
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Lot 2, fed pasture and half cottonseed cake and half corn-and-cob meal: 

To 25 steers, 14,705 pounds, at $5.25 a hundredweight________________ $772. O1 

MouG:611 pounds’ cottonseed cake at $20.50) auton =!) S22 ee eee 90. 90 

Tose: Gan pounds, ear .cormyat 7Ovcentsia ,bushel2= =. 4) we eA 86. 37 

To pasture charges at 50 cents a head for 28 days______-_____--__--____ 65. 63 

LUGS aM SS: CLT SG OT Boye TN eT eke i one ee eee 1, 014. 91 

By sale of 25 steers, 20,361 pounds, at $6 a hundredweight_____________ 1, 221. 66 

TECHS UL. s STOP pte sa ene A Ee A Dee Re ae oe ege” —aipeae te 206. 75 

Wrerices plotter Wea diss a: i *-) ates. 2 eee ese he 8.27 

Lot 3, fed pasture and cottonseed cake: 

To 26 steers, 15,418 pounds, at $5.25 a hundredweight__________________ 809. 44 

To 14,171 pounds cottonseed cake at $27.50 a ton________________-_____ 194. 85 

To pasture charges at 50 cents a head for 28 days____________________ 68. 25 

OtalerexpenG iby ben 7 S22. ee 1, O72. 54 

By sale of 26 steers, 22,741 pounds, at $6 a hundredweight_____________ 1, 364. 46 

PRG Tale apo TO City ese See ae ea RE ee 291. 92 
AVeLAC CL DIOL Der NeAG = =~ eee AS MER EE DE dS Ue BNE eee et 123 

SUMMARY OF ALABAMA EXPERIMENT, 1913. 

1. The objects and general plan for the test were similar to those 
for the previous year. The 3 lots were on feed 147 days. 

2. The steers used were 2 and 3 year old grades, 77 head in all, 
carrying a large percentage of the blood of beef breeds. They were 
divided and fed as follows: Lot 1, 26 head, pasture only; lot 2, 25 
head, pasture and one-half cottonseed cake and one-half corn-and- 
cob meal; lot 3, 26 head, pasture and cottonseed cake. 

3. The average daily ration of concentrates was 3.55 pounds of 
the half-and-half mixture of cottonseed cake and corn-and-cob meal 
per head for the steers of lot 2, and 3.70 pounds of cottonseed cake 
for those of lot 3. 

4, The average daily gains were 1.63 pounds a head for the 
steers of lot 1, 1.71 pounds for lot 2, and 2.10 pounds for lot 3. 

5. The cost of feed and pasture to produce 100 pounds of gain was 
$1.09, $3.51, and $3.27 for lots 1, 2, and 8, respectively. 

6. The finished cattle of lots 2 and 3, which were fed supplements 
in addition to the pasture, sold for $1 a hundredweight more than 
those of lot 1. 

7. The cake-fed steers returned a profit of $11.23 a head, the cake- 
and-corn-fed steers $8.27 a head, and those pastured without other 
feed made a profit of $6.60 a head. 



lif. FATTENING STEERS ON SUMMER PASTURE, 
MISSISSIPPI, 1915. 

The cooperative experiments in fattening cattle on pastures in the 
South were discontinued in Alabama after the test of 1913 and trans- 
ferred to Mississippi, where the work was continued in cooperation 
with the Mississippi Experiment Station. The present experiment 
was conducted on the farm of Ben Walker at Abbott, Clay County, 
Miss., who furnished the cattle, feeds, and pastures. 

The soil and pasture grasses are very similar to those of Sumter 
County, Ala., where the previous work was conducted. Clay County, 
Miss., is in the so-called black-prairie section, the soils of which 
carry a good supply of lime, and produce alfalfa, clovers, grasses, 
and forage crops in abundance. The land, however, is less rolling 
than that in Sumter County, Ala. N. F. Hansen was employed by 
the bureau to take personal charge of the cattle in the experiments 
and to keep-records of the work. 

OBJECTS AND PLAN OF THE WORK. 

The objects of this test were to obtain additional information and 
data concerning the fattening of steers on summer pasture in the 
South. The same general plan was followed as in the Alabama ex- 
periments. The steers were placed on pasture in the spring and fat- 
tened for early fall market. Owing to the high price of corn at 
Abbott in the spring of 1915 only two lots were used. 

Forty steers were divided into 2 lots of 20 each and fed as follows: 
Lot 1, 20 steers, pasture alone; lot 2, 20 steers, pasture and cotton- 
seed cake. 

DESCRIPTION OF CATTLE USED. 

The 40 steers in this experiment were ordinary natives of mixed 
and inferior breeding. Jersey blood predominated in all but a few, 
which showed evidences of Angus and Shorthorn blood. They had 
been wintered on cottonseed meal, cottonseed hulls, and corn silage, 
and were in good condition when the experiment began, averaging 
678 pounds. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed cake which was fed to the steers of lot 2 was of 
high quality, analyzing 48 per cent crude protein, and cost $29.60 a 
ton delivered at the farm. 

The pastures were practically equal in size and in the area of 
grazing furnished for each lot. The grasses making up these pas- 

12 
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tures are much the same as those found in the Alabama pastures pre- 
viously described. Lespedeza, Bermuda grass, and crab grass are 
the most important ones. : 
Owing to a dry period early in the spring of 1915 the pastures 

were not ready for use until late in May, and in midsummer a drought 
of two months’ duration almost ruined the pastures for the season. 
Rains during the latter part of August also injured them somewhat. 
Owing to these unsatisfactory conditions good gains on the cattle 
could hardly be expected. The pasture was charged at the rate of 50 
cents a head for each period of 28 days, as in the Alabama tests. 

METHOD OF FEEDING AND HANDLING THE CATTLE. 

The cottonseed cake was fed each evening about sundown in 
troughs placed in the pasture. Pools in the open pastures furnished 
the only source of water supply for the steers, and became very low 
and foul during the extended dry period. Salt was provided each. 
week. 

Individual weights of all the steers were taken at the beginning 
and at the end of the experiment, and each lot was weighed every 28 
days. As the cattle were free from ticks, no dipping was done. 

RESULTS OF THE EXPERIMENT. 

Table 6 gives in brief the general features and results of the ex- 
periment. 

TABLE 6.—Results of summer steer feeding in Mississippi, 1915. 

Lot 1. Lot 2. 

tes Pasture Pasture 
Aan and cottone 

Z seed cake. 

IATESEE NEB CHAE ue Se aeiobocdecooeceeibeseseSesuasc TeEsEDSoScRe= SE Gadde SoecesReeE | 20 20 
DDEWs OF Ene chine jeim@G he. sas oneecoposescciesdecne ss ep aeecossOsce = asenanocuesn- 107 107 
Average daily ration per head: 

Cottonseed cake.......-----.---------- oreiceseeoessdeseccemasjeSace2s pounds. .}.......-.... 3. 65 
Cost of feed and pasture per 100 pounds gain ........-.2. 22.2. ...2, 22 eee eee ene ee $1. 06 $3. 44 
Cost per head tofeed through summmer............20.0------20-222e2- ease eee enee- 31. 91 $7.37 
Initial cost of steers per 100 pounds.............-..--..-- BE Bodkonetenaenaaee Hea OBE $5. 00 $5. 00 
Selling price of steers per 100 pounds..-... <2... ~~... 02s eee en ne 2-22 ne- = $5. 75 $6. 35 
EMV CIACOMEOMUIDEL SLOCI mee soccer aceriecisc sce esse se ceees ss ceemesee semice a tiae see ete $7.19 $9. 61 
PEOTICOMIAULESSEU eee en setiemianinisis a aisiajsiaice'= ewicisies veins Mele win see meiceie aisieeisels suse tacos () 50.8 
AWericvoimiiialwelght per head :.-25. 2.520222 segeee. Leek eeeeeceneele pounds. . 678 678 
Averagefinal weight per head... 0.5 ti sis a ede eels wlan cinies ose slene oc ecicle we do...-. 858 892 
AV EEACG wObAu 2alTl CLINCAG cinco nei sae ese see ee= > a= scismicieielininaisicinincics doze=. 180 214 
ANVOBEG GEM? SRV oe SEO Bo See Beoes tongs odudese sosasueenucouuseecodeEss dozese 1.68 2.00 

1 Lot 1 sold as stockers. 

DAILY RATIONS. 

The average daily ration of cottonseed cake for the steers of lot 2 
was 3.65 pounds each. They were given 2 pounds a head daily at 
the beginning, which was gradually increased during the first month 
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to 4 pounds. This allowance was continued until the end of the 
experiment. 

WEIGHTS AND GAINS. 

The steers were equally divided so that the average weight in both 
lots was 678 pounds. The average total gain was 180 pounds for the 
steers of lot 1 and 214 pounds for those of lot 2. The average daily 
gain was 1.68 pounds for the steers of lot 1 and 2 pounds for those 
of lot 2. Considering the kind of steers and the dry season, these 
gains were very good. As would be expected, the cake-fed steers made 
the better gains, each steer putting on an average of 34 pounds more 
than those getting pasture alone. 

COST OF GAINS. 

The gains for lot 2 cost more than three times as much as those for 
lot 1. Each 100 pounds of gain for the steers of lot 1 cost only $1.06, 
while the same gains for lot 2 cost $3.44, but on account of the higher 
selling price the profit on lot 2 was greater. These figures are about 
the same as'for the summer test of 1913 in Alabama. 

SLAUGHTER DATA. 

The steers were sold on the St. Louis market. Those of lot 1 were 
sold as stockers, and data on shrinkage were not obtained. For lot 2 
the average final farm weight was 892 pounds, the average market 
weight was 847 pounds, and the net shrinkage in transit was 45 pounds 
a head. The steers dressed out 50.8 per cent of the market weights, 
which was satisfactory for that class of steers. 

FINANCIAL STATEMENT. 

The financial statement shows results similar to those of the steers 
fed in Alabama in 1912 and 1913. The steers fed cake on pasture 
brought the higher price again and made the greater profit. The 
initial cost per hundred pounds was $5 for all the steers, those of lot 1 
sold as stockers for $5.75 a hundred pounds, and those of lot 2 brought 
$6.35 as finished beeves. The average profit for lot 1 was $7.19 a 
head, and $9.61 for lot 2, which was satisfactory for both lots. 

TABLE 7.—Financial statement. 

Loti, fed pasture-alone: 
To 20 steers, 18,557 pounds, at $5 a hundredweight_____________ guia $677. 85 
To pasture, 107 days at 50 cents per steer per 28 days________________ 38. 20 

Towirershit.)) COMIMISSTOM sy ACCA pete eee ee a ay aes ae ee ay as 4 

UL Ae 208 Lc RC 0 Sy recep ga aa ca as col Ks. 9% 

By sale of 20 steers, 15,960 pounds, at $5.75 a hundredweight__________ 917. 70 

PN ead Te PRG a ee 143. 73 

Average*profit™ per tsteerss2. S25 2 eee SSS 8 © Re, ee ee oar (ae i! 
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Lot 2, fed pasture and cottonseed cake: 

To 20 steers, 13,551 pounds, at $5 a hundredweight ___________________ $67T. 55 

To pasture, 107 days at 50 cents per steer per 28 days_-----------_- 38. 20 

To cottonseed cake, 7,380 pounds, at $29.60 a ton___________________ 109. 22 
Mowrreicht.;; cOmMMISsion. syardagent ete se tse a eae 57. 92 

BRO UC OS Gases oe ae Se ae a 882. 89 
By sale of 20 steers, 16,930 pounds, at $6.35 a hundredweight________ 1, O75. 05 

MGEALS poco ths See EEA RE a ee) Ee ae eh SO 192.16 

PAW CETSE NTOMmeeper «Stee ee aN ae ig 9, 61 

As in the work of 1912 and 1918, the cost of gains was much higher 
for the steers which received cake in addition to their pasture, but the 
higher finish which the cake-fed steers took on, and the consequent 
higher selling price, more than compensated for the increased cost 
of feeding the cake, as the profits show. The increased value of the 
manure from the cake-fed steers also should be taken into considera- 
tion. 

SUMMARY OF THE EXPERIMENT. 

1. The objects of this test were to continue the study of fattening 
mature steers on pasture in the South, including the use of cottonseed 
cake with pasture. 

2. The cattle used were ordinary native cattle of mixed breeding. 
‘There were 40 head, which were divided into 2 lots equal in quality 
and weight and fed as follows: Lot 1, 20 head, pasture alone; lot 2, 
20 head, pasture and cottonseed cake. The steers were put on pasture 
May 20 and fed until September 5, or 107 days in all. 

3. The steers of lot 2 ate an average daily feed of 3.65 pounds of 
cottonseed cake. 

4, Lot 1 made an average daily gain of 1.68 pounds per head; lot 2 
gained 2 pounds per head daily. 

5. To produce 100 pounds of gain, it cost $1.06 for the steers of lot 
1, and $3.44 for those of lot 2. 

6. The steers of lot 1, which had no other feed than pasture, were 

not finished, and were sold as stockers for $5.75 a hundredweight, 
while those of lot 2, which were fed cottonseed cake with the pasture, 
sold for $6.35 a hundredweight for the block. 

7. Lot 1 made a profit of $7.19 a head, compared with $9.61 a head 
for lot 2. 



IV. FATTENING STEERS ON SUMMER PASTURE, 

MISSISSIPPI, 1916. 

The series of experiements in fattening steers on summer pasture 
was continued in the summer of 1916 in cooperation with the Missis- 
sippi Experiment Station on the Canton Stock Farm, near Canton, 
Madison County, Miss. The stock, feed, pastures, and equipment 
were furnished by the farm. The bureau placed S. S. Jerdan on the 
farm to supervise the feeding of the cattle and keep records of the 
test. 

OBJECTS AND PLAN OF THE EXPERIMENT. 

The experiment had for its chief object a further study of the fat- 
tening of steers on summer pasture, emphasizing especially the com- 
parison of pasture alone and pasture supplemented with cottonseed 
cake. The test was planned along the same lines as the previous ones. 

Corn was not to be had at reasonable prices, so only two lots of 30 
steers each were used, one lot getting pasture alone, the other cotton- 
seed cake in nddation to the pasture. 

CATTLE USED. 

The stock used in this test were inferior mature steers of nonde- 
script breeding, weighing from 550 pounds to 1,000 pounds each 
when the experiment began. Evidences of Jersey breeding were 
most prominent, while a few showed marks of Shorthorn, Hereford, 
Aberdeen-Angus, Red Polled, and Devon breeding. As a whole they 
were typical scrub steers of the South, and very few were good 
feeders. All but 15, which were raised on the farm, had been bought 
in Madison County early in May. They were divided into 2 lots of 
30 each, as equally as possible in regard to size, condition, and quality. 
Madison County is in tick-free territory, and as no ticks were on 
the animals dipping was unnecessary. 

CHARACTER AND PRICES OF FEEDS USED. 

The cottonseed cake was of good quality, cracked to nut size, and 

analysis showed, about 39 per cent crude protein. The steers ate it 
with relish. It cost $32 a ton in Canton, the cost of hauling it to 

the farm not being added. 
The pastures were quite similar to those described in the work in 

Sumter County, Ala., and at Abbott, Miss. This region is in what is 
called the “brown-loam ” classification, and the soil is very fertile, 
producing a great variety of grasses and clovers. The principal 
plants which furnished grazing were lespedeza, Paspalum, Bermuda. 
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grass, white clover, and some crab grass. No stock had been on the 
pastures before the experiment began, so that an abundance of grass 
and clover was available for the cattle throughout the experiment. 
Heavy rains sometimes caused water to stand on parts of both 

pastures, and the grass was considered too “ washy ” to produce the 
best gains on the cattle. Parts of the pastures were clipped with a 
mower late in July, causing some improvement. 

The two lots of steers were interchanged from one pasture to the 
other, so that discrepancies due to a difference in pastures might be 
avoided. Pasture was charged at the rate of 50 cents a head for a 
28-day period. 

METHOD OF FEEDING AND HANDLING THE CATTLE. — 

The steers of lot 2 were fed their cake in troughs in the pasture 
about sundown each day. They came up well for their feed, and 
relished it. Water was obtained from ditches and pools in the pas- 
tures. Individual weights of all steers were taken at the beginning 
and at the close of the test, dnd each lot was weighed at the end of 
each 28-day period while the experiment was in progress. 

RESULTS OF THE EXPERIMENT. 

The main features and results of the test are shown in Table 8, 
in which the two lots are compared with respect to rate of gains, 
cost of gains, profits, etc. 

TaBLeE 8.—Results of summer steer feeding in Mississippi, 1916. 

Lot 1. Lot 2. 

Item 
° Pasture 

Posture and cotton 
: seed cake. 

ENICITINOCTLOMSLCETS mais Sree sa ue on pues EN ciara aia OL Tee 30 30 
DaySOMecdine period eb sy Pek! Gree Sey AEN 2 Ue eee ae ee. ee 134 134 
Average daily ration per head: 

(COM MOMRECC| GIG asso BGR OSE COC AS OEGORGCI CECE GEES c Sen aH Mai seliEs 5 OBAGI lo scconsooous 4.32 
Cost of pasture and feed for 100 pounds gain ..............-....-.2-----2-eee eee eee $l. 12 $4. 54 
Cost per head to feed through summer....:..........----- 22-2 cce eee cece eee - ee s- $2. 39 $11. 67 
anita Veostior steers per LOO Pounds ee ene ane Sires es $5. 50 $5. 50 
Selling price of steers per 100 pounds.............--.------0-2-2eeee eee e eee e eee ees $5. 85 $6. 10 
PMUCE AP CORONER NOAM yee cece ein cle nic ne tmmcine + aici epi sc secieeien emcee samceice $5. 88 1 $0. 05 
Average initial weight per head...............2.-.---222-20---0---e-eee- pounds. . 662 664 
AVeraconmalbwerchtperinead . sie hen Tie tee So oe ee esas os dossa- 876 921 
AV erareroral eam) per Mead. ee Oe ee eens COs c 214 257 
ANN ETSENEE) Cla Ne GeeaT NE OY EY a) GST Le NR STR SR Es A ee Gscce 1. 60 1. 92 

1 A loss. 

DAILY RATIONS. 

Lot 1 had only pasture. Cottonseed cake was fed to lot 2 at the 
rate of 2 pounds a head daily for the first few days. This was 
increased gradually during the first 3 periods, until on August 1 the 
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average daily allowance per head was 5 pounds, which quantity was 
fed until the steers were marketed. The average daily ration of cake 
for the 134 days was 4.32 pounds a head. 

WEIGHTS AND GAINS. 

The average weight of the steers of lot 1 was 662 pounds when 
the experiment began, and they gained a total of 214 pounds a head, 
which was a daily gain of 1.6 pounds. For the grade of steers used 
these gains were fairly satisfactory. 

The average initial weight of the steers of lot 2 was 664 pounds a 
head, and the final weight 921 pounds, showing a total gain of 257 
pounds a head, equal to an average daily gain of 1.92 pounds for the 
period of 134 days. As would be expected, they gained more rapidly 
than those of lot 1, but better steers would have made larger gains. 

COST OF GAINS. 

The cost of gains for the steers getting pasture alone was low, as in 
previous tests, but the gains of those fed cottonseed cake on pasture 
cost more in this experiment than in 19138 and 1915, due principally 
to the higher cost and more liberal use of the cake. 
The cost of feed per head through the summer was $2.39 for lot 1 

and $11.67 for lot 2. 

SLAUGHTER DATA. 

The steers were taken off the experiment on September 28, driven 
to Canton on September 29, shipped to the St. Louis market, and 
slaughtered. After the steers had taken their “ fill” at the market 
and were weighed, it was found that those of lot 1 had lost an aver- 
age of 57 pounds, while those of lot 2 had lost 79 pounds. This wide 
variation in shrinkage between the 2 lots can not be accounted for. 
The conclusion that cake-fed steers shrink more in transit than 
grass-fed cattle is not supported by the results of many other ship- 
ments of steers. 

The per cent of dressing was 51.17 for the steers of lot 1 and 54.21 
for those of lot 2, which indicates the superior finish of the cake-fed 
steers. The latter were much better covered with fat than those of 
lot 1. 

TABLE 9.—Shipping and slaughter data. 

Item. Lot 1, Lot 2. 

INtamaber, OTSHEGrS sso Ne UN ee ee RUE SEO GE «4 cea) ea cece lesa rea 30 30 
“Averageinalfarmn. weight perhead so > sev ek. Uaioe cae ose cae oe eee pounds. . 876 921 
Averagemarket weight per headin = 2650 s.-5- gece eee cee ee cee peee tees Gomes 819 842 
Average shrinkage in transit per head...-.........----:--..---12-+)+---+----- do... | 57 79 
INORG GiB OMe TREE Ian SoU ANE TRENT Ur | Ra 8 eae Hee dors: -| 419 457 19 

Penricentiaresseds fs, SME EV Sa Ns SNe te AIA AeA a ee SER SD Swe ra! | 51.17 54.21 
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FINANCIAL STATEMENT. 

The following statement shows the cost of steers, cost of feeds 
and marketing, and the receipts at the markets for each of the two 
lots. It is seen that the steers of lot 1 returned a net profit of $5.88 a 
head, while those of lot 2 showed a loss of 5 cents a head. 

Of the four years’ work this lot of steers which had cake with 
pasture is the cnly one which did not make a profit. Several things 
are responsible for this fact. The steers were sold on a small margin 
of 60 cents a hundred pounds, which is low for steers fed concen- 
trates; the higher cost of the cottonseed cake also made the feeding 
more expensive than in former years. The steers used in the test 
were scrubs of very common breeding and poor quality, which ac- 
counts in a degree for the smaller margin of profit obtained. The 
steers used in previous tests were grade beef steers somewhat above 
the average of the State in quality and breeding. This indicates the 
desirability of having well-bred steers of high quality when expen- 
sive feeds are to be used. In addition to the disadvantages mentioned, 
the steers of lot 2 suffered a heavy shrinkage in transit to market in 
comparison with those of lot 1, which materially reduced the receipts. 

Some credit also should be given to the steers of lot 2 for the added 
fertilizing value of their manure, because of the cottonseed cake 
which they had. Finally, it should be noted that a greater margin 
than is shown for these two lots of steers can usually be realized on 
cattle bought in the spring and marketed early in the fall, as these 
cattle were. 

TABLE 10.—Financial statement. 

Lot 1, fed pasture alone: 

To 30 steers, 19,865 pounds, at $5.50 a hundredweight________________ $1, 092. 58 

To pasture, 134 days at 50 cents per 28 days__-__________. re ees ee eee TALS 

To freight charges to market $70, commission $15____________________ 85. 00 

To feed in transit and in yards $6, yardage $5.85, insurance 22 cents____ 12. 07 

Rieraleexpen CibOte === ee ee ee ee 1, 261, 43 

By sale of 30 steers, 24,580 pounds, at $5.85 a hundredweight________.__ _ 1, 437.93 

AUPE ye = a NP lee eee nee 176. 50 
SVC EES Cp TOT: ONL Es PCTs UCC ei eI SS SRN YS ES 5. 88 

Lot 2, fed pasture and cottonseed cake: 

To 30 steers, 19,922 pounds, at $5.50 a hundredweight________________ 1, 095. 71 

To pasture, 134 days at 50 cents per head per 28 days________________ 71.78 

Nomi tOO pounds) cottonseed) cakelat (Pox a tons 22 ss eee 278. 40 

To freight charges to market -$70, commission $15___________-_-_ 85. 00 

To feed in transit and in yards $6, yardage $5.85, insurance 23 cents____ 12. 08 

BARR EAM eX TN CHU ULL ST 1a tN I Ss 542. 97 
By sale of 30 steers, 25,270 pounds, at $6.10 a hundredweight__________ 1, 541. 47 

Mo tales yo chi SEN Noe gana ae ees Os er Sa ee 1.50 

BAW CLAS CSL OS SAT CTS LC I ae ee waters 0 2S ALM FEHR nna ASN lap eae - 05 

SUMMARY OF THE EXPERIMENT. 

1. The objects sought and the general plan pursued in this experi- 
ment were identical with those reported in the first three parts of 

7, 
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this bulletin. Two lots of 30 steers each were used, one lot having 
pasture alone and the other cottonseed cake with the pasture. 

2. The cattle were inferior stock of mixed breeding, Jersey blood 
predominating. 

3. ree average daily ration of the cake-fed steers was 4.32 pounds 
a head. 

4, The average daily gains per head were 1.6 pounds for the steers 
of lot 1, and 1.92 pounds for those of lot 2. 

5. The cost of feed and pasture to produce 100 pounds of gain 
was $1.12 for the steers on pasture alone and $4.54 for those fed cake 

with the pasture. 
6. The shrinkage in transit to market was 57 pounds and 79 

pounds, respectively, per head for the steers of lots 1 and 2. No 
explanation can be made for so great a difference in shrinkage. 

7. The dressing per cent for lot 1 was 51.17 and 54.21 per cent for 
lot 2, indicating superior finish on the cake-fed steers. 

8. The scrub steers of this test failed to realize a profit when fed 
a high-priced supplementary feed, whereas the grade beef steers used 
in previous tests invariably returned good profits. 



V. SUMMARY OF THE FOUR YEARS’ SUMMER 
FATTENING EXPERIMENTS. 

The more important data of the four years’ summer fattening work 
are shown in condensed form by Table 11. This permits a direct 
comparison to be made of the results from the different methods 
used. 

Comparing the averages of the three methods of fattening the 
steers, it will be noted that there was little difference in the average 
length of feeding and pasture periods. The average daily gains 
per head, which may be considered the most valuable standard in 
judging the efficiency of rations, were 1.49 pounds for the steers 
getting pasture only, 1.83 pounds for the steers getting cottonseed 

“ cake with pasture, and 1.53 pounds for those whose pastures were 
supplemented with the mixture of cake and corn chop. 

The initial cost of the steers per 100 pounds of the three groups 
was the same for any one year, but in each case the steers of group I 
(pasture alone) sold for a lower price. The margins realized be- 
tween the buying and selling prices of the cattle were always in 
favor of those which were fed supplements with their pastures. The 
margins averaged 244 cents a hundredweight for the steers of group I, 
90 cents for group II, and 814 cents for group ITI. 

While the data on the dressing per cent are not complete, inspec- 
tion of the results given will show that the steers which were fed 
cottonseed cake or a mixture of cake and corn with pasture dressed 
out higher than the cattle which had pasture alone. 

The steers of group I, which had pasture only, returned an average 
profit of $5.78 a head, against $6.23 for the cake-fed steers, and $6.48 

for those on cake and corn. The average profit made on the cake- 
fed steers is adversely affected by the small loss on the lot fed in 
1916. This poor result was caused by a combination of unfortunate 
conditions and the use of scrub steers. 

TABLE 11.—Summary of four years’ summer fattening work. 

Aver-| Aver- 
Num- age | age Costiot Cost of Sule Marein | Dress- Bes 

Gr ration, and year ‘ber | Days} total) daily} 67 199{ cattle | pri in ing rofit DED PELE J i of fed. | gain | gain Pp mde ae 100} per 100 a aads per Pp 
steers. per | per |P0U ain, [pounds.|pounds. Ie cent eee 

head.|head.| 8 

I, PES alone: Lbs. | Lbs. Perct. 
INO IAE RS Deeaee OOTE Re  pe a me 29 112} 117] 1.04) $1.71 $3.87 | $4.00 | $0.13 | 48.68] $3.47 
TEN 38 oe te eee ee ee tes ee 26 147 | 240} 1.63 1.09 5. 25 ON Bes Wee ses 
TOD 2 us Le ee ee ea eet a 20] 107} 180] 1.68 1. 06 5. 00 5.75 fines Gf) See 7.19 
OTG eee ciemiaasiciee ore 30} 134] 214 | 1.60 1.12 5.50 5. 85 BD) pole 7, 5. 88 

PAV OLAS Oss sean snes | Heer oe 125 188 | 1.49 1, 25 4.90 5.15} .245 | 49.92 5. 78 

1 A loss. 
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TABLE 11.—Summary of four years’ summer fattening work—Continued. 

Aver-|Aver- 
Num- age | age eee Cost of | Selling Margin Dress- pale 

Group, ration, and year. Der eve pes ane per 100 eae per 100 per 100 BEE profit 
steers. ook pee oan pounds. |pounds,|P°U"4S-| cent tena 

ead.| head. 3 i 

II. Pasture and cottonseed 
cake: Lbs. | Lbs. Per ct. 

BY 7p Seen rk rhs et Us eee 36 | 101 129 | 1.28 | $5.32] $3.87 | $4.75 | $0.88 | 51.62 | $4.61 
a RS) POL ger a EL SS 26 147 | 309 | 2.10 3.27 5. 25 6. 00 SMO ni| essen 11. 23 
TS) Mayuga Be eer IC MARE, By 20} 107] 214 | 2.00 3. 44 5.00 6.35 1.35 | 50.80 9. 61 
DOLGS See eee es ead. 30 134 | 257 | 1.92 4.54 5. 50 6. 10 60 | 54.21 1.05 

iAvyerager. ene lena Veg ae 122] 227/1.83| 4.14] 4.90] 580 90 | 52.21] 6 23 

IIT. Pasture with halfcotton- j 
seed cake and one-halfcorn 
chop: 2 
aS eee ae Se aa 25 106 143 | 1 35 5 14 3 87 4.75 88 51.91 4.69 

ON See ee ELI aye pase 25 147 PPA || WS vAl 3. 51 5. 25 6. 00 LORM |e cate 8. 27 

WAV ELAS Oe aoe sees ....| 126 | 198 | 1.53 4,32 4.56 5H -815 | 51.91 6.48 

2 Conran meal fed in 1913. 

The figures shown in Table 11 afford material for profitable study 
by farmers and feeders. It is seen that the steers in group I made 
gains very cheaply, but the total gains were not large and the steers 
did not take on a high finish. Their unfinished condition is reflected 
in the small margin on which they were sold and the low dressing per- 
centages. Thus the profits they returned were smaller than for the 
steers of the other two groups. 

The steers under group IJ made more rapid gains than the grass- 
fed cattle, but their gains cost more. However, they were better 
finished, as shown by the dressing percentages, and sold on the market 
for a higher price per hundredweight, which paid for the relatively 
expensive gains and returned a greater profit per head than was 
realized on the cattle in group I. 

Since only two lots of steers were fed under group ITI, and because 
corn chop was fed to one and corn-and-cob meal to the other, the 
average results do not have the same weight as those of the first two 
groups. As they stand, the data show that the substitution of corn 
pound for pound for one-half of the cottonseed-cake allowance low- 
ered slightly the rate of gains and increased the cost of gains. The 
steers of this group, however, gained more rapidly, finished in better 
condition, and brought higher prices and a larger profit per head 
than those of group I. 

While the average profit per head for group III is greater than 
for the other two groups, a comparison of the profits of group II 
and IIT for 1912 and 1913 shows that the steers of group IT returned 
the larger net profit per head for those two years. 
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CONCLUSIONS. 

The methods of handling and feeding cattle are ereatly affected by 

the constant variations in the prices of different feeds, by seasonal 
conditions, and by the changes in the live-stock markets. The fol- 
Jowing conclusions may be drawn from the experimental work re- 
ported in this bulletin: 

1. Feeding cottonseed cake to steers as a supplement to summer 
pasture in the South increases materially the rate of gains made by 
steers, causes them to finish more quickly, and to take on a higher 
degree of finish. 

2. Because of their better finished condition cake-fed steers bring 
higher prices on the markets than grass cattle. The margin or 
“spread ” between buying and selling prices of steers fattened on 
pasture is nearly always increased by supplementing the pasture 
with cottonseed cake, or cake and corn. 

3. Steers of inferior quality may return more profit by grazing 
alone than by grazing with the addition of supplementary feeds, 
especially when they are on good pastures that are cheap. 

' 4, The cost of gains of steers on pasture is greatly increased by 
feeding cottonseed cake, but the better market price received for 
cake-fed cattle usually pays for the added cost of feeding the cake 
and returns a greater average profit than is realized on grass-fed 
cattle. cs 

5. The substitution of corn chop for one-half the quantity of cot- 
tonseed cake for steers on pasture produces gains and finish com- 

parable to those made by cake alone, but unless corn is available at 
a lower cost than the cake its use for this purpose is not recom- 
mended. 

6. A half-and-half mixture of cottonseed cake and corn-and-cob 
meal for steers on grass is less efficient for producing gains than 
cottonseed cake alone or corn and cake. When corn is cheap its use 
shelled or as corn chop with cottonseed cake is preferable to corn- 
and-cob meal. 

7. Pasture lands grazed by steers that are fed cottonseed meal or 
cake receive the benefit of large quantities of fertilizing elements 
through the manure of the cattle. The landowner should consider 
this feature when fattening cattle on pasture. 

8. One of the distinct advantages in supplementing pastures with 
concentrates is the fact that steers so handled are finished more 

quickly and can be marketed earlier than steers getting grass alone. 
Thus the cattle can be sold before the rush of grass-fed cattle gluts 
the market and depresses prices. Moreover, when cattle are mar- 
keted early the pastures have time to recuperate and furnish good 
grazing for other stock during the fall. 
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9. Scrub steers do not respond readily to the use of good feeds, 
and even when well finished do not command satisfactory prices in 
competition with well-bred cattle similarly finished. On the other 
hand, good grade or pure-bred beef cattle make better use of their 
feeds, finish more rapidly, and always bring more on the market than 
scrub cattle of the same weight. The better the quality of the steers 
the safer it is to feed them high-priced feeds. 

10. For a farmer who has roughages such as silage, hay, straw, 
stover, cottonseed hulls, or stalk feeds, and contemplates fattening 
steers on summer pasture, it is usually better to purchase the steers 
in the fall, and winter them on the roughages and a little cottonseed 
meal than it is to purchase them in the spring for fattening during 
the grazing season. 
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INTRODUCTION. 

The rose midge, Dasyneura rhodophaga (Coq.), an insect related to 
the Hessian fly, is often the cause of considerable injury to roses 
grown under glass. In 1912 Davis (3)* estimated that the loss due to 

this pest in two Chicago greenhouses would approximate $10,000 
annually. ‘Subsequently this insect was reported by various ento- 
mologists as being especially injurious to the flower and leaf buds 
of the rose, distorting their growth and eventually causing them to 
turn brown and die. 

In the fall of 1916 an infestation was located at Colgate, Md., 
which, according to the owner, caused an annual loss of from $4,000 
to $6,000. Although the house was generally infested, the infesta- 
tion was limited to the following varieties of roses: Radiance (pink), 
Hadley (red), Russell (pink), and Killarney (white). The Hadley 
and Radiance varieties were most severely infested, scarcely a leaf 
or flower bud escaping attack. 

This infestation offered an excellent opportunity for determining 
a satisfactory means of controlling this pest in a commercial green- 
house, and, in collaboration with Prof. E. N. Cory, entomologist of 
the Maryland Agricultural Experiment Station, the investigation 
was begun in October, 1916. Results of these experiments are given 
on pages 6 and 7. 

1 Figures in parentheses refer to ‘‘ Literature cited,” p. 8. 
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f HISTORY AND DISTRIBUTION. 

This rose pest, together with a closely related species, Dzplosis 
roswora Coq., was first collected in New Jersey, in 1886 (1). It was 
collected later in New Jersey in 1889, in New York in 1890, in the 
District of Columbia in 1891, 1894, and 1896, in Massachusetts in 
1894, and in Chicago, Ill., in 1897 (2, p. 15). In 1903 specimens 
were sent to the Bureau of Entomology from Cleveland, Ohio, in- 
festing the Meteor variety, with the report that as many as 35 larvee 
had been taken from a single bud. Apparently the same insect was 
received from Cincinnati, Ohio, in 1905, where it was seriously dam- 
aging the buds and tips of the La France and Duchess of Albany. 
Notwithstanding the fact that in the houses containing both varieties 
the heat was turned off throughout the entire winter, the corre- 
spondent reported that the hibernating midge was not killed. 

In 1911 a heavy infestation of the variety My Maryland was re- 
ported from Rhode Island, and in 1915 Hewitt (5) recorded the oc- 
currence of this midge in a garden at London, Ont., infesting shoots 
of the variety Mrs. J. Laing. In 1916 Gibson (8) reported-it from 
the same locality and also in greenhouses at, Toronto, Ont. “Snod- - 
grass (7) includes the rose midge among the important insect pests 
of Indiana, and Crosby and Leonard (6) state that it attacks roses 
grown in the open in New York. 

Although the rose midge has been reported frequently from several 
States, it does not necessarily follow that these infestations are still 
in existence, since some of the varieties subject to infestation have 
been given up for more resistant and profitable varieties, and in 
others the insects may have been exterminated by the use of insecti- 
cides. Rose houses in the District.of Columbia were repeatedly in- 
spected during the past two years, and no infestations were located. 

DESCRIPTION? 

EGG. 
Fie. 1, A. 

HKgg elongate ovoid, yellowish, about 0.32 mm. long and 0.075 mm. in width. 

LARVA. : 

Hie. 1, C. 

Full-grown larva about 1.8 mm. in length, 0.45 mm. in width, reddish in color, 

obtuse and tuberculated on posterior segment, tubercles bearing minute apical 

spines, lateral margins distinetly compressed, attenuated anteriorly, breast-bone 

distinet, with distinct black spot on upper side immediately in front of breast- 

bone. 
PUPA. 

Frc. iL, 1D}, 

_ Length of pupa 1.6 mm., width 0.53 mm.; color varying from reddish to red- 

dish yellow, eyes black at time of emerging from cocoon, legs and antenne 

approaching black with head and prothorax dusky; all segments except first 

1The descriptions of the egg, larva, and pupa are compiled from Webster (2, p. 21—23) ; 

that of the adults is copied verbatim from Felt (4). 
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bearing a transverse spinulose ridge on dorsal surface, ventral surface without 

these ridges; bases of antennze produced with usual pair of bristles imme- 

diately posterior to them and with two large respiratory tubes protruding 

through cocoon. 
ADULT. 

Male [Fig. 1, F]. Length 1 mm. Antenne short, 9 subsessile segments, the 

fifth with a length only a little greater than its diameter, the last segment 

greatly produced, with a length about four times its diameter. Palpi; the first 

22 ES oJ = Pts SO 

Fig, 1.—The rose midge (Dasyneura rhodophaga), enlarged about 27 diameters: 

A, eggs; B, young larva; C, full-grown larva; D, cocoon; H, pupa; F, adult 

male; G, adult female; H, female ovipositor. (9th Ann. Rept. State HMnt. Ind.) 

segment short, the second broadly oval, the third one-half longer, dilated, the 

fourth as long as the third, slender. Head and thorax brown, the abdomen, in 

alcoholic specimens, yellowish. Wings hyaline, costa dark brown, third vein 

curving forward. Claws long, slender, the pulvilli a little shorter than the 

claws. Genitalia; basal clasp segment slender; terminal clasp segment long, 

slightly swollen basally; dorsal plate broad, deeply and narrowly incised, 

ventral plate long, broadly and roundly emarginate. Harpes long, subtruncate 

and irregularly tuberculate. 

Female (Fig. 1, G]. Length 1 to 1.25 mm. Antenne short; 9 subsessile seg- 

ments, the fifth with a length nearly twice its diameter, the terminal segment 
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greatly produced, with a length about five times its diameter. Ovipositor nearly 

as long as the abdomen, the terminal lobes narrowly oval, tapering. Other 

characters presumably as in the opposite sex. 

LIFE HISTORY. 

The female midge, with her long ovipositor, places small yellowish 

eggs just under the sepals of the flower buds or between the folded 
leaves of the leaf buds. Under favorable temperature conditions 
these eggs hatch in 2 days, and the young larve or maggots immedi- 
ately attack the buds, extracting the sap and eventually causing the 
petals and leaves to dry up and die. (Fig. 2.) They grow very 
rapidly, reaching maturity in from 5 to 7 days, and, when full 
grown, work their way out of the buds and fall on and enter the 
ground where they construct small silken cocoons (fig. 1, D) in which 
they pupate. Adults appear in from 5 to 7 days, and shortly after 
deposit eggs for the next generation of larve or maggots. In con- 
finement the life of an adult is from 1 to 2 days. The total cycle, 
therefore, under greenhouse conditions, is from 12 to 16 days. About 

85 per cent of the adults reared in cages were females. 

SEASONAL HISTORY. 

_ Although larve or maggots have been observed injuring buds as 
early as February 22, under normal conditions they do not appear in 
injurious numbers until June or July. In Washington adults were 
reared in early May from larve which pupated in November. Dur- 
ing the warm summer months the generations may mature every two 

weeks, and overlapping of broods probably takes place. Larvee were 
_ especially injurious at Colgate, Md., during two periods of the year, 
namely, from the latter part of May to early July and from early 
September to November 1. On the approach of cold weather the 
stages are slightly prolonged, and about the latter part of November 
the larvee enter the ground and construct overwintering cocoons. No 
injury has been reported during winter. 

FOOD PLANTS. 

Roses, especially the hybrid teas, are apparently the only plants 
attacked by this insect. It has been recorded as infesting the Radi- 
ance, Hadley, Russell, Killarney, Ophelia, Hoosier Beauty, Shawyer, 
My Lady, American Beauty, Uncle John, Joe Hill, Kate Moulton, 
Bridesmaid, Liberty, Richmond, Mrs. John Laing, Meteor, Madam 
Chatenay, Ivory, Golden Gate, Wooten, La France, = a sport of the 
latter, the Duchess of Albany. 

EXPERIMENTS IN CONTROL. 

At the suggestion of Prof..E. N. Cory a series of experiments, in 
which the following combinations were used as sprays, was conducted 
to determine the value of molasses in catching the larve, thus pre- 
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venting their entrance to the soil where pupation takes place: (1) 
_ Two pounds (by weight) of molasses, 3 gallons of water, 200 cc. of 

nicotine sulphate (40 per cent nicotine), and 3 ounce (by weight) of 
lead arsenate; (2) 14 pounds (by weight) of molasses, 3 gallons of 
water, 30 cc. of nicotine sulphate (40 per cent nicotine), and 4 ounce 
(by weight) of fish-oil soap; (3) 2 pounds (by weight) of molasses, 

Fic. 2.—Young leaves and flower buds of roses injured by larve of the rose midge. 

21 gallons of water, 25 cc. of nicotine sulphate (40 per cent nicotine), 
4 ounce (by weight) of neutral soap, 12 ounces (by weight) of lead 
arsenate, and 62 ounces of Bordeaux mixture; (4) 2 pounds (by 
weight) of molasses, 24 gallons of water, 25 cc. of nicotine sulphate 
(40 per cent nicotine), and 12 ounces lead arsenate; (5) 2 pounds (by 
weight) of molasses, 24 gallons of water, and 12 ounces (by weight) 
of lead arsenate; (6) 2 pounds (by weight) of molasses and 24 
gallons of water. 
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All of the foregoing experiments were conducted-in a commercial 
greenhouse, and each test represents a 50-foot bed of roses. For the 

. most part the killing results of all six experiments were satisfactory. 
Unfortunately, however, the molasses served as a medium for the 
development of sooty mold, and, moreover, where lead arsenate was 
used an objectionable white deposit developed. The presence of 
either on cut flowers necessarily would reduce their value and in 
some instances would eliminate them from the market. As the rose 
midge usually is present at a season when the grower can ill afford 
to have objectionable deposits on his cut flowers, it is evident that 
any of the foregoing combinations will be unsatisfactory, unless some 
method of counteracting these objectionable features is developed. 
In addition to the foregoing, 1 part of nicotine sulphate (40 per 
cent nicotine) to 400 parts of water, with the addition of enough soap 
to produce suds, was tested. The results of this experiment were very 
unsatisfactory, fully 95 per cent of the larve being uninjured. 

To determine the value of tobacco. dust in preventing the full- 
grown larve, or grubs, from entering the soil, the following cage 
experiments were conducted: (1) Soil around caged plants covered 
with dry tobacco dust; (2) same as former except that the dust was _ 
wet. Full-grown larve which were placed in the cage containing 
dry dust were active for 24 hours, but did not go below the surface, 
whereas the larvee similarly placed in cage 2 were exceedingly active 
upon coming in contact with the wet dust, acting as if they were 
burned, and after from 5 to 8 hours they were all dead. All larve 
used in the check immediately entered the soil. 

Having determined a satisfactory method of preventing the 
entrance of the full-grown larve into the soil, all of the rose beds 
in the infested houses at Colgate, Md., were covered on October 12, 

1916, with tobacco dust averaging from one-fourth to one-half inch 
deep. To prevent the larve from entering the dirt walks of the 
houses, all walks were sprayed with 5 per cent kerosene emulsion. 
Simultaneously nightly fumigation with tobacco stems was inaugu- 
rated and continued until October 30, inclusive, and from that date 
until November 8 the houses were fumigated every other night. The 
object of this fumigation was to kill all adults before eggs were 

_ deposited. 
Although this control work was not undertaken until October 12, 

its effectiveness was soon apparent, and by the latter part of October 
it was very difficult to locate an infested bud. Not only was the 
midge under control, but the owner was enabled to bring on his fall 
crop earlier than was the case in 1915. On May 7, 1917, these houses 
were carefully examined, and only 6 larve were located, 2 in the 
buds of the Hadley and 4 in the buds of the Radiance. All plants 
at this.time were in excellent condition and gave promise of pro- 
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ducing a full crop of flowers. These houses were again carefully 
examined on June 19, and no injury was to be found on any of the 

plants which had been infested so severely during the fall of 1916. 
Moreover, the owner reported that up to June 19 more than twice as 
many blooms had been cut as during the entire previous year. 

The rapid elimination of this pest was due no doubt to two causes, 
(1) nightly fumigation, which killed off the adults before egg-laying 
took place, and (2) the application of tobacco dust, which prevented 
_the larvae from entering the soil. Moreover, the tobacco dust served 

a dual purpose, since it prevented the larvee from entering hibernat- 
ing quarters and at the same time fertilized the soil. 

METHODS OF CONTROL. 

~ 

It is evident from the experiment described above that a severe 
infestation of the rose midge can be controlled, if not entirely elimi- 
nated, in a comparatively brief period by the careful application of 
tobacco dust on the soil and by persistent nightly fumigation with 
tobacco, in the form of stems, nicotine papers, or one of the volatile 
nicotine preparations.* 

Where earth walks are present, it is advisable to spray the walks 
also with a 5 or 10 per cent kerosene emulsion.’ 

In the case of light infestations, the midge can be controlled by 
systematic nightly fumigations with tobacco fumes, which should 
be continued until all adults disappear; or by a careful application, 
at the proper season, of tobacco dust. Inasmuch as the broods prob- 
ably overlap during the summer, there is a possibility that frequent 
syringing of the plants would cause much of the dust to wash down 
into the soil before all Jarvee matured; hence there is a chance that 
some would fall on and enter earth where the dust had lost its 
effectiveness. It would seem, therefore, that the most opportune time 
to apply the dust, if not accompanied with nightly fumigation, is 

1 Although tobacco stems have been used in greenhouses from time immemorial they are 

being replaced rapidly by nicotine paper and the volatile nicotine extract, owing to the 

fact that the nicotine content of the stems is so variable. Tobacco stems in the proper 

condition (those which have not been allowed to become wet and dry out) will yield good 

results. As there is no satisfactory and easy method by which the florist can determine 

accurately the nicotine content of tobacco stems, however, it will probably be a saving 

of time and money to use the nicotine papers or the volatile nicotine extracts, in which 

ease the directions on the label of the container should be followed. 

2 Kerosene emulsion (stock solution, 66 per cent oil) is made after the following 

formula: 

Kerosenem (come olls tani pt O11) ae ee» ee gallons__ 2 

Soap (fish-oil or laundry) (or 1 quart soft soap) —-_______ pound__ 3 

VV FATE, (SOL fy) fee cree Lu iad ay ae ies a Ce pe ee ol ts gallon__ 1 

First dissolve the soap in boiling water, then remove the vessel from the fire and 

immediately add the kerosene, thoroughly agitating the mixture until a creamy solution 

results. The stock solution may be more conveniently made by pouring the mixture into 

the tank of a spray pump and pumping the liquid through the nozzle back into the tank 

for five minutes. A 10 per cent solution can be made by adding to each gallon of the 

stock solution about 52 gallons of water. In some regions the water is ‘hard,’ and in 

such cases it should be broken with a little lye, or rain water should be used. 



8 ‘BULLETIN 778, U. S. DEPARTMENT OF AGRICULTURE. 

during the latter part of October or the first three weeks of Novem- 
ber, at which season the last generation of larve leaves the plants, 
enters the ground, and constructs overwintering cocoons. If depend- 
ance is placed on the dust alone, it is imperative that the application 
be so timed as to be on the soil before the larve seek winter quarters, 
No hard and fast rule governing the date of this application can be 
recommended for all localities, since temperature naturally influences 

the final disappearance of the larve. 

PRECAUTIONARY MEASURES. 

The rose midge can be kept out of greenhouses if proper precautions 
are exercised. Under no condition should infested plants be taken 
into a house free from this pest. Plants should not be purchased 
knowingly from firms which carry infested stock, and should be 
bought with the understanding that they are free from the midge 
either in the buds or in the soil. Before new stock is placed in a 
house, all plants should be examined carefully, and suspicious ones 
destroyed or returned to the shipper. 
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INTRODUCTION. 

During the past few years the grain bug, (Pentatoma) Chlorochroa 
sayz Stal, has become a pest of considerable importance to the farm- 
ers of the intermountain and southwestern States. It is now re- 
garded as a serious menace to the growing of wheat and other small 
grains in both the irrigated and nonirrigated districts within the 
area of its distribution. 

The vital damage is caused by the piercing of the newly formed 
heads of cereals and the feeding on the liquid contents, by which the 
formation of the grain is prevented or its weight greatly reduced. 

The recent development of C. sayz as an economic pest is due to 
an artificial change in its environment and food plants. This condi- 
tion has been brought about by the cultivation of large areas formerly 
devoted to grazing, which practically eliminated many of the native 
food plants and caused the insect to attack some of the crops grown in 
its former habitat. The change to more succulent food plants, to- 
gether with the better facilities for hibernation in the cultivated 
areas, resulted in a marked increase of the pest. 

1The observations detailed in this bulletin were made by the senior author in 1915 

and by the junior author in 1916 during a destructive outbreak of the species in north- 

eastern New Mexico and adjacent territory. ‘The experiments were carried on at the 

Wield Laboratory of the Bureau of Entomology located at Maxwell, N. Mex. 

Mr. E. H. Gibson, of the Bureau of Entomology, kindly redescribed the adult’of the 

species and assisted in the preparation of notes on the history, synonymy, distribution, 

food plants, and bibliography. 
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Weather influences and the work of parasites in each locality where 
damage has occurred generally have restricted the destructive out- 
breaks of C. sayz to periodic intervals of two or three years. Since 
1911, however, its activities have been reported with increasing fre- 
quency each year in widely separated districts within its range. 
This development indicates clearly the possibility that the species — 
may become economically more important in the future than it 
has been in the past. 

HISTORY. 

The grain bug belongs to the rather extensive heteropterous family 
Pentatomidae, the members of which are popularly known by the 
expressive term of “stink-bugs.” It was first authentically described 
under the name Lioderma, subg. Chlorochroa, sayi by Stal (1)+ in 

1872. In the same year Uhler (2) described a species under the name 
Pentatoma granulosa, which later proved to be synonymous with 
Stal’s LZ. sayt. In 1904 Van Duzee (3) placed the species in the sub- 
genus Chlorochroa of the genus Pentatoma. In 1909 Kirkaldy (4) 
placed the subgenus Chlorochroa under the genus Rhytidolomia. In 
1916 Van Duzee (7) removed Chlorochroa from Rhytidolomia and 
raised it to generic rank, listing the species under consideration as 
Chlorochroa sayi Stal. 

The first recorded damage by Chlorochroa sayi is found in the un- 
published notes of the Bureau of Entomology, several farmers of the 
upper Gila and Salt River Valleys of Arizona having reported it, in 
May, 1903, as very destructive to wheat and barley. One farmer 
wrote that there was an average of about 10 bugs to each head 
of barley in his 40-acre field. After badly damaging this area 
the insects had moved to an adjoining wheat field, these con- 
ditions being typical for a distance of about 30 miles along the 
upper Gila Valley. In reply to an inquiry by Dr. L. O. Howard the 
following note was received on June 5, 1903, from Dr. R. H. Forbes, 
director of the Arizona Agricultural Experiment Station: “ We 
have kept track of the outbreak of Lioderma sayi in Arizona. The 
worst outbreak was upon the upper Gila River, between Safford and 
Fort Thomas, but a great many specimens were also to be found 
in the Salt River Valley.” In July of the same year reports of dam- 
age and specimens of the insect were received from the San Juan 
Valley in southwestern Colorado. In 1905 and 1906 this species 
was very numerous in the wheat fields of northern Texas, but no 
widespread damage was reported. Dr. A. W. Morrill (6) published 
an account of the complete loss of 13 acres of milo maize near 
Phoenix, Ariz., in. September, 1911, as a result of depredations by 

1 Figures in parentheses refer to ‘‘ Literature cited,’’ p. 34. 

- 
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C. sayz. During this same period Mr. V. L. Wildermuth observed 
severe damage to milo maize in the Imperial Valley of California. 

In May, 1912, Mr. C. N. Ainslie received specimens of Chlorochroa 
sayz and accounts of injury to the heads of spring wheat from a 
correspondent at Tucumcari, N. Mex. Mr. Ainslie also notes that 
while making field investigations in Utah during 1912 the farmers in 
four widely separated districts of the State reported that the grain 
bug had seriously damaged wheat and alfalfa seed during the years 
immediately prior to 1912. ‘ 

Mr. H. E. Smith records widespread damage to barley and oats in 
the Pecos River Valley of New Mexico during 1912 and 1913. At the 
same time Mr. E. G. Kelly found similar conditions prevailing in 
the “dry-farming ” 
section near Clovis, 
N. Mex., and in the 
vicinity of Liberal, 
Kans. 

Tray uy... 1913.) a 
correspondent wrote 
from Cloudcroft, 
N. Mex., that the 
grain bug had ruined 
12 acres of rye on his 
ranch and that the 

farmers of that sec- re. 1—Map showing distribution of the grain bug 
tion had cut the bar- (Chlorochroa sayi) in the United States. The dots in- 
l f ty dicate definite localities ; the cross in the State of Mon- 

ey tor hay to pre- tana is based on the statement of Van Duzee (3) that his 
vent the destruction study material included specimens from Montana. He 

does not indicate the locality. 
of its grain by the 4 
invading hordes of the insect. Similar damage was reported from 
southern Utah during the same month. In 1914 and 1915 continued 
reports were received of depredations by the grain bug from various 
localities in Arizona, New Mexico, Texas, and Colorado. 

DISTRIBUTION. 

In the United States C. sayi is distributed generally throughout 
the Upper and Lower Austral zones of the States west of the Great 
Plains area, including Washington, Oregon, California, Idaho, Ne- 
vada, Montana, Utah, Colorado, Arizona, New Mexico, western Kan- 
sas, and the western and northern parts of Texas. (See fig. 1.) 
These data were secured from personal collections in the field and 
by an examination of the collections, notes, correspondence, and 
literature of the United States National Museum and the Bureau of 
Entomology, as well as from other available literature. 
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The insect is found at varying altitudes ranging from 9,300 feet 
at Silverton, Colo., to below sea level in the Imperial Valley of 
California. 

FOOD PLANTS. 

The nymphs and adults of C. sayi have been observed to feed upon 
the fruit and seeds of a wide range of cultivated plants, including 

wheat, barley, rye, 
oats, winter emmer, 
spelt, milo maize, 
kafir corn, feterita, al- 
falfa, Sudan grass, 
cotton, buckwheat, 
peas, beans, cabbage, 
tomato, and _ lettuce. 
Among the native 
food plants of the 
species are Russian 
thistle (Salsola tragus _ 
L.), mallow (Malva 
parviflora .), pig- 
weed (Amaranthus . 
SPP), wildy “oaes 
(Stipa spp.), lamb’s- 
quarters (Chenopo- 
dium spp.), ‘sheep - 
weed (Gutierrezia 
spp.), and a species 

Tie, 2.—Characteristic damage to of the honeysuckle 
wheat heads by the grain bug. (Lonicera involucrata 
Note the awns standing at an 

obtuse angle from the normal. Banks). 
The head is dead and yellow; the Wheat, barley, and 
stem is alive and green. 

rye appear to suffer 
more from the depredations of C. sayz than do any 
of its other cultivated food plants. 

CHARACTER OF INJURY. 

EXTERNAL APPEARANCE OF INJURED PLANTS. 

The heads of small grains that have been injured by C. sayi are 
conspicuous in the field, especially those of wheat, barley, rye, and 
oats. Soon after attack, and long before the normal period of ripen- 
ing is reached, the damaged heads assume a dull yellowish-white 
tolor and in this condition are in sharp contrast to the bright green 
of the undamaged heads. They appear normal in size with the ex- 
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ternal appearance of ripened heads, but upon being pressed between 
the fingers are found to be nearly, if not entirely, empty. With the 
bearded varieties, the “beards” or awns stand out nearly at right 
angles from the head instead of in the vertical position assumed 
under normal conditions. (See fig. 2.) 

The stem is generally alive and green from the base to a point 
within 5 or 6 inches of the head, but is dead and yellow above this 
point. Upon grasping the head and exerting a slight pull, the stem 
breaks at the junction of the living and dead portions. During a 
wind or rain storm many of these stems are broken and the heads 
fall to the ground. The damage caused by C. sayz is frequently of 
such a nature that an unobserving person may attribute its effects to 
hail or other weather influences. 

In the case of milo maize, feterita, and many of the native food 
plants, the external appearance of injured plants does not differ 
markedly from that of the normal. 

INTERNAL APPEARANCE OF INJURED HEADS. 

The grains of affected heads are shriveled in appearance and very 
much reduced in size and weight. In some cases only a diminutive 
grain remains. This follows as the natural result of the removal by 
the insect of the liquid contents of the grain while still in the “ milk 
stage.” 

The grains from injured heads of some plants, including milo 
maize, appear normal even when damaged, but are very much 
reduced in weight, lack the nutritive properties of normal grains, 
and are totally unfit for seed. 

REDUCTION IN YIELD. 

The percentage of reduction in yield through depredations of the 
grain bug is a point not always possible of determination. Fre- 
quently the extent of the damage is not appreciated by the grower 
until the crop is thrashed. Then the poor quality of the grain 
becomes evident and the yield is far below expectations. In extreme 
cases entire fields of small grains have been destroyed completely 
and the crop was not worth harvesting. As previously stated, Dr. 
A. W. Morrill (6) records the complete loss of 18 acres of milo maize 

from grain-bug attack at Phoenix, Ariz., in 1911, and 12 acres of rye 

were completely ruined at Cloudcroft, N. Mex.,in 1913. From 70 to 90 
per cent of an alfalfa seed crop was destroyed at Barstow, Tex., in 
1911. Mr. H. E. Smith records that at Roswell, N. Mex., in 1913, 
at least two-thirds of the barley heads were ruined in fields that 
normally would yield from 40 to 60 bushels per acre. At Porter- 
ville, Tex., in 1918, the wheat in a 150-acre field which promised a 
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Weather influences and the work of parasites in each locality where 
damage has occurred generally have restricted the destructive out- 
breaks of C. sayi to periodic intervals of two or three years. Since 
1911, however, its activities have been reported with increasing fre- 
quency each year in widely separated districts within its range. 
This development indicates clearly the possibility that the species— 
may become economically more important in the future than it 
has been in the past. 

HISTORY. 

The grain bug belongs to the rather extensive heteropterous family 
Pentatomidae, the members of which are popularly known by the 
expressive term of “stink-bugs.” It was first authentically described 
under the name Lioderma, subg. Chlorochroa, sayi by Stal (1)? in 
1872. In the same year Uhler (2) described a species under the name 
Pentatoma granulosa, which later proved to be synonymous with 
Stal’s Z. sayt. In 1904 Van Duzee (3) placed the species in the sub- 
genus Chlorochroa of the genus Pentatoma. In 1909 Kirkaldy (4) 
placed the subgenus Chlorochroa under the genus Rhytidolomia. In 
1916 Van Duzee (7) removed Chlorochroa from Rhytidolomia and 
raised it to generic rank, listing the species under consideration as 
Chlorochroa sayt Stal. 

The first recorded damage by Chlorochroa sayi is found in the un- 
published notes of the Bureau of Entomology, several farmers of the 
upper Gila and Salt River Valleys of Arizona having reported it, in 
May, 1903, as very destructive to wheat and barley. One farmer 
wrote that there was an average of about 10 bugs to each head 
of barley in his 40-acre field. After badly damaging this area 
the insects had moved to an adjoining wheat field, these con- 
ditions being typical for a distance of about 30 miles along the 
upper Gila Valley. In reply to an inquiry by Dr. L. O. Howard the 
following note was received on June 5, 1908, from Dr. R. H. Forbes, 
director of the Arizona Agricultural Experiment Station: “ We 
have kept track of the outbreak of Lioderma sayi in Arizona. The 
worst outbreak was upon the upper Gila River, between Safford and 
Fort Thomas, but a great many specimens were also to be found 
in the Salt River Valley.” In July of the same year reports of dam- 
age and specimens of the insect were received from the San Juan 
Valley in southwestern Colorado. In 1905 and 1906 this species 
was very numerous in the wheat fields of northern Texas, but no 
widespread damage was reported. Dr. A. W. Morrill (6) published 
an account of the complete loss of 13 acres of milo maize near 
Phoenix, Ariz., in.September, 1911, as a result of depredations by 

1 Figures in parentheses refer to ‘* Literature cited,’’ p. 34. 

- 
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C. sayt. During this same period Mr. V. L. Wildermuth observed 
severe damage to milo maize in the Imperial Valley of California. _ 

In May, 1912, Mr. C. N. Ainslie received specimens of Chlorochroa 
sayt and accounts of injury to the heads of spring wheat from a 
correspondent at Tucumcari, N. Mex. Mr. Ainslie also notes that 
while making field investigations in Utah during 1912 the farmers in 
four widely separated districts of the State reported that the grain 
bug had seriously damaged wheat and alfalfa seed during the years 
immediately prior to 1912. : 

Mr. H. E. Smith records widespread damage to barley and oats in 
the Pecos River Valley of New Mexico during 1912 and 1913. At the 
same time Mr. E. G. Kelly found similar conditions prevailing in 
the “dry-farming” 
section near Clovis, 
N. Mex., and in the 
vicinity of Liberal, 
Kans. 

In July, 1913, a 
correspondent wrote 
from Cloudcroft, 
N. Mex., that the 
grain bug had ruined 
12 acres of rye on his 
ranch and that the | 

farmers of that sec- wre. 1—Map showing distribution of the grain bug 
tion had cut the bar- (Chlorochroa sayi) in the United States. The dots in- 
l f h dicate definite localities ; the cross in the State of Mon- 

ey tor hay to pre- tana is based on the statement of Van Duzee (3) that his 
vent the destruction study material included specimens from Montana. He 

does not indicate the locality. 
of its grain by the i 
invading hordes of the insect. Similar damage was reported from 
southern Utah during the same month. In 1914 and 1915 continued 
reports were received of depredations by the grain bug from various 
localities in Arizona, New Mexico, Texas, and Colorado. 

DISTRIBUTION. 

In the United States C. sayi is distributed generally throughout 
the Upper and Lower Austral zones of the States west of the Great 
Plains area, including Washington, Oregon, California, Idaho, Ne- 
vada, Montana, Utah, Colorado, Arizona, New Mexico, western Kan- 
sas, and the western and northern parts of Texas. (See fig. 1.) 
These data were secured from personal collections in the field and 
by an examination of the collections, notes, correspondence, and 
literature of the United States National Museum and the Bureau of 
Entomology, as well as from other available literature. 
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The insect is found at varying altitudes ranging from 9,300 feet 
at Silverton, Colo., to below sea level in the Imperial Valley of 
California. 

FOOD PLANTS. 

The nymphs and adults of (@. sayi have been observed to feed upon 
the fruit and seeds of a wide range of cultivated plants, including 

wheat, barley, rye, 
oats, winter emmer, 
spelt, milo maize, 
kafir corn, feterita, al- 
falfa, Sudan grass, 
cotton, buckwheat, 
peas, beans, cabbage, 
tomato, and _ lettuce. 
Among the native 
food plants of the 
species are Russian 
thistle (Salsola tragus - 
L.), mallow (Malva 
parviflora L.), pig- 
weed (Amaranthus . 
spp.), wild oats 
(Stipa spp.), lamb’s- 
quarters (Chenopo- 
dium spp.), ‘sheep - 
weed (Gutierrezia 
spp.), and a species 

Tie, 2.—Characteristic damage to of the honeysuckle 
wheat heads by the grain bug. ( Lonicera involucrata 
Note the awns standing at an Bank 

, obtuse angle from the normal. an Ss). 
\ The head is dead and yellow; the Wheat, barley, and 

stem is alive and green. 
rye appear to suffer 

\ more from the depredations of C. sayi than do any 
of its other cultivated food plants. 

CHARACTER OF INJURY. 

EXTERNAL APPEARANCE OF INJURED PLANTS. 

The heads of small grains that have been injured by C. say2 are 
conspicuous in the field, especially those of wheat, barley, rye, and 
oats. Soon after attack, and long before the normal period of ripen- 
ing is reached, the damaged heads assume a dull yellowish-white 
tolor and in this condition are in sharp contrast to the bright green 
of the undamaged heads. They appear normal in size with the ex- 
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ternal appearance of ripened heads, but upon being pressed between 
the fingers are found to be nearly, if not entirely, empty. With the 
bearded varieties, the “beards” or awns stand out nearly at right 
angles from the head instead of in the vertical position assumed 
under normal conditions. (See fig. 2.) 

The stem is generally alive and green from the base to a point 
within 5 or 6 inches of the head, but is dead and yellow above this 
point. Upon grasping the head and exerting a slight pull, the stem 
breaks at the junction of the living and dead portions. During a 
wind or rain storm many of these stems are broken and the heads 
fall to the ground. The damage caused by C. sayz is frequently of 
such a nature that an unobserving person may attribute its effects to 
hail or other weather influences. 

In the case of milo maize, feterita, and many of the native food 
plants, the external appearance of injured plants does not differ 
markedly from that of the normal. 

INTERNAL APPEARANCE OF INJURED HEADS. 

The grains of affected heads are shriveled in appearance and very 

much reduced in size and weight. In some cases only a diminutive 
grain remains. This follows as the natural result of the removal by 
the insect of the liquid contents of the grain while still in the “ milk 
stage.” 

The grains from injured heads of some plants, including milo 
maize, appear normal even when damaged, but are very much 
reduced in weight, lack the nutritive properties of normal grains, 
and are totally unfit for seed. 

REDUCTION IN YIELD. 

The percentage of reduction in yield through depredations of the 
grain bug is a point not always possible of determination. Fre- 
quently the extent of the damage is not appreciated by the grower 
until the crop is thrashed. Then the poor quality of the grain 
becomes evident and the yield is far below expectations. In extreme 
cases entire fields of small grains have been destroyed completely 
and the crop was not worth harvesting. As previously stated, Dr. 
A. W. Morrill (6) records the complete loss of 13 acres of milo maize 
from grain-bug attack at Phoenix, Ariz., in 1911, and 12 acres of rye 

were completely ruined at Cloudcroft, N. Mex.,in 1913. From 70 to 90 
per cent of an alfalfa seed crop was destroyed at Barstow, Tex., in 
1911. Mr. H. E. Smith records that at Roswell, N. Mex., in 1913, 

at least two-thirds of the barley heads were ruined in fields that 
normally would yield from 40 to 60 bushels per acre. -At Porter- 
ville, Tex., in 1918, the wheat in a 150-acre field which promised a 
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yield of from 50 to 60 bushels, thrashed only 22 bushels of very 
inferior grain per acre. 
During 1915 when the grain bug was under close observation in 

northeastern New Mexico the visible damage before harvest varied 

Fie. 3.—The grain 

bug: Eggs. “Above, 
much enlarged; be- 

low, highly magni- 

fied. 

in many of the fields from only a trace to 50 per 
cent of the heads, the average being about 10 per 
cent. The full extent of the damage was not ap- 
preciated until harvest, when the poor quality, 
reduced yield, and light weight of the grain were 
sources of general complaint among the farmers. 
In one instance under consideration a carload of 
oats averaged only 18 pounds per bushel. 

DESCRIPTION. 

THE EGG. 

Length 1.1 to 1.2 mm.; width at widest part 0.88 

to 0.93 mm.; width at bottom 0.57 to 0.66 mm. The egg 

(fig. 3) is irregularly ovoid in form, with irregular gray 

areas on the lateral surface, in appearance resembling 

froth. Viewed from above, three white circles appear, 

inclosing a central dull-gray area and two circular bands of the same 

eolor. 

Described from 15 eggs taken from as many different clusters. 

NYMPHS.1 

FIRST INSTAR. 

Length 1.1 to 1.54 mm.; width of thorax 0.88 to 0.935 mm.; width of abdo- 

men 0.9385 to 1.072 mm. 

Dorsally: Head black, finely punctate, anterior margin sparsely pubescent ; 

eyes black, prominent; antenne 0.77 to 1.88 mm. in 

length, light brown, three terminal segments sparsely 

pubescent. .Thorax black, finely punctate, with deep 

convolutions between its divisions and down the 

median line. Abdomen brown-black in color, mid- 

dorsal section occupied by a narrow black band; 

location of scent glands indicated by two black trans- 

verse areaS; a single black area within a yellow 

border on the lateral margin of each segment: and 

a series of three irregular yellow-white markings 

converging toward the apex of the abdomen. ‘The 

lateral margins of the abdomen and thorax are 

greatly depressed and form a shelf-like division be- 

Fie. 4.—The grain bug: 

Nymph, first 

Much enlarged. 

instar. 

tween the ventral and dorsal surfaces. This is distinct from the connexivum 

of adult Heteroptera. The “shelf” persists throughout the nymphal period. 

Edge of ‘“ shelf” sparsely pubescent in this instar. 

1 Original description. 
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Ventrally: Color uniform black, divisions of “ shelf’? white, rostrum light 

brown, extending three-fourths length of venter; legs black. ‘The legs are 

sparsely pubescent in all stages of the insect. 

- Described from 15 specimens. 

SECOND INSTAR. 

Length 2.2 to 2.53 mm.; width of thorax 1.21 to 1.275 mm.; width of abdo- 

men 1.54 to 2.117 mm. 

During the development of the nymphs in the second instar a 
change occurs in the color, 
markings, and pubescence which 
is not accompanied by any 
visible molt. The description 
of the nymphs in the early 
stages of this instar (fig. 5) 
follows: 

Dorsally: Head black, finely punc- 

tate, sparsely pubescent throughout ; 

eyes dark brown, prominent; anten- 

nz 1.375 to 1.485 mm. in length, light 

salmon or brown, three terminal seg- 

ments sparsely pubescent. Thorax Fie. 5.—The grain bug: Nymph, second 
black, coarsely punctate, sparsely instar (in early stages of the instar). 

Much enlarged. : 
pubescent on dorsum and at edge of 

“shelf”; four irregular yellow-white areas on anterior borders of prothorax 

and mesothorax, with two small dots of same color on posterior border of meso- 

thorax; “shelf” white: Abdomen black, with a pale yellow double band ex- 

tending transversely across the anterior border and 

becoming enlarged near the margin; posterior to 

this band the mid-dorsal section is occupied by five 
irregular bands of the same color and two brown, 

slightly raised, elongated, elliptical areas bearing 

the scent glands; posterior margin sparsely pube- 

scent; “ shelf” white. 

Ventrally: Uniform black except the white 

“shelf”; rostrum light brown, extending three- 

fourths length of venter; legs black. 

Fic. 6—The grain buz: Lhe following changes are observed in late 
Nymph, second instar stages of this instar (fig. 6) : 
(in later stages of the 

instar), Much enlarged. Dorsally: Head pubescent only on anterior border, 

anterior half impressed with two parallel sutures 

on each side of median line. These parallel sutures persist in all the re- 

maining stages of the insect. Antenne black. Thorax with a faint tinge of 

green, no pubescence, finely punctate, no yellow-white areas. Abdomen with 

decided tinge of green; a narrow transverse yellow-white band occupying two- 

thirds of the anterior border, and posterior to this band the mid-dorsal sec- 

tion occupied by a small circular yellow-white area, two curved bands of the 

same color, and two wider black irregularly ovoid areas, bearing the scent 

glands; “shelf” red-orange. 

Ventrally: “‘ Shelf” red-orange on the abdomen. 

Described from 15 specimens. 
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THIRD INSTAR. 

Length 3.08 to 3.19 mm.; width of thorax 1.925 to 2.085 mm.; width of abdo- 

men 2.365 to 2.805 mm. 

Dorsally: Head black, finely punctate, slightly pubescent; eyes black, promi- 

Fie, 7.—The grain bug: Nymph, third 
Much enlarged. 

of the remaining nymphal instars. 

men. 

instar, 

nent; antennze 1.925 to 1.98 

mm. in length, black, two termi- 
nal segments very finely pubes- 

cent. Thorax black with dis- 

tinct tinge of green, coarsely 

punctate; “shelf” white dur- 

ing early stage of instar, later 

becoming orange in color. Abdo- 

men dark green and bearing 

approximately the same mark- 

ings as later stages of preced- 

ing instar, and black coarse 

punctations; segmentation em- 

phasized by black lines in this 

and in the remaining nymphal 

instars; “shelf” orange color. 

Ventrally: Head and thorax 

green. Abdomen pale green, a 

black circular area on each of 

the four terminal segments; 

anal opening black. These 

black areas persist on the venter 

“ Shelf”? orange on both thorax and abdo- 

Rostrum green, extending slightly more than one-half length of venter. 

Legs: Coxe, trochanters, and femora green; tibise and tarsi brown. 

Described from 7 specimens. 

FOURTH INSTAR. 

Length 5.2 to 6.6 mm.; width of 

thorax 3.1 to 3.75 mm.; width of 

abdomen 3.8 to 4.9 mm. 

Dorsally: Head pale green, finely 

punctate; eyes reddish black, not so 

prominent as in preceding instars; 

antenns 3.4 to 3.7 mm. in length, 

dark brown or black. Thorax pale 

green with darker coarse puncta- 

tions; wing pads visible as slightly 

raised areas on both sides of thorax ; 

“Shelf” white with a red-orange 

edge. Abdomen pale green; puncta- 

tions numerous, coarse and darker 

green in color; a narrow yellow 

transverse band occupying one-half 

median portion of abdomen on an- 

terior border, and posterior to this 

Fic. 8.—The grain bug: fourth Nymph, 
Much enlarged. instar. 

band the mid-dorsal section occupied by a short narrow yellow band, four 

circular areas of the same color, and two brown crescentic projections bear- 

ing the scent glands; black coarse punctations more numerous than in preced- 

jng instar; “shelf” white with red-orange edge. ; 
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Ventrally: Uniform pale green, with black punctations. “Shelf” orange 

on both thorax and abdomen. Rostrum green with brown tip and extending 

one-half the length of venter. Legs: Coxe, trochanters, and femora pale 

green; tibiz and tarsi light brown. 

_-Described from 11 specimens. 

FIFTH INSTAR. 

Length 8.9 to 10.6 mm.; width of thorax 4.3 to 4.8 mm.; width of abdomen 

5.8 to 7 mm. 

Dorsally: Head pale green, finely punctate; eyes brown, surrounded by pale 

green area; antennez 4.5 to 5.2 mm. in length, black or brown, peduncle light 

green, articulation of segments 

pale green. Thorax green with 

black punctations; wing pads 

black or nearly so; “shelf” 

white to orange. Abdomen pale 

green with black punctations 

and bearing approximately the 

same marking as_ preceding 

instar; “shelf” white with 

more pronounced orange edge 

than on thorax, not so promi- 

nent as in preceding instars. 

Ventrally: Same as the pre- 

ceding instar. Rostrum extend- 

ing to’posterior coxe. Legs: 

Tarsi and outer fourth of tibie 

black, remaining portions of legs 

pale green, tarsi and tibie bear- 

ing numerous black spines. 

Described from 15 speci- 
Fic. 9.—The grain bug: Nymph, fifth instar. 

mens. Much enlarged. 

THE ADULT. 

The following is the description by Stal (1). 

5. L[ioderma] (Chlorochroa) Sayi StAt.—Ovalis, dilute viridis, subtus pal- 
lidior, superne pectoreque sat dense distincteque punctata, ventre subtilius 

punctato; antennis nigris, articulo basali virescente; limbo laterali antico 

thoracis, limbo costali thoracis, apice scutelli, margine abdominis, coxis, tro- 

chanteribus femoribusque basin versus pallide sordide flavescentibus; callis 

rugulisque parvis sparsis, in thorace scutelloque obsoletis, in corio distinctior- 

bus, nec non maculis tribus laevigatis subcallosis basalibus scutelli viridi- 

albicantibus; membrana alisque decoloribus; marginibus imis lateralibus 

anticis thoracis et margine imo abdominis lutescentibus; tarsis apicem versus 

fuscis. 2. Long. 11, Lat. 6 1/3 mill. 

Patria: California. (Mus. Holm.). 

Praecedenti affinis, notis allatis formaque angustiore divergens, 

A redescription of the adult, by Mr. E. H. Gibson, of the Bureau 
of Entomology, is given below. 

Distance between eyes equaling almost two-thirds length of head. Head 

closely punctate above. Tylus and juga of the same length. Anterior margin 

103881°—19——2 
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of head slightly reflexed or cariniform. First antennal segment less than one- 

half as long as second; second, third, fourth, and fifth segments of nearly the 

same length, the second slightly the longest and most slender. Bucculz long 

and prominent. Rostrum extending to hind coxe. 

Pronotum coarsely punctured and appearing somewhat rugose. Lateral mar- 

gins reflexed or cariniform. Callosities prominent. C 

Scutellum coarsely punctured and appearing somewhat rugose, like the 

pronotum. ‘Three large prominent callosities on anterior border, one at each 

anterio-lateral angle, and one at the middle. Apex bluntly rounding. 

Elytra more finely punctured than scutellum with many small callous spots. 

Membrane clear. 

General form elongate. Average size of female 13.5 mm.; males somewhat 

smaller. The general size 

varies considerably. 

Color normally a_ decided 

deep green, but varying from 

a pale yellowish green to red- 

dish brown. Numerous small 

white calloused spots on prono- 

tum, scutellum, and elytra. 

Lateral border of pronotum, 

basal portion of costal border 

of elytra, the three large cal- 

louses on anterior border of 

scutellum, and apex of scutel- 

lum yellow or red. As noted, 

the color varies greatly but 

the numerous light colored 

callous spots are characteristic. 

Antenne black except for basal 

segment and basal half of 

second segment, which are 

green. Pale yellowish green 

beneath. Abdomen above black 

except borders, which are yel- 

Fic. 10.—The grain bug: Adult. Much enlarged. Jow and unmarked. 

Te 

LJ 

LIFE HISTORY AND DEVELOPMENT. 

The observations on the life history and development of Chloro- 
chroa sayi, as detailed herein, were made at an altitude of about 
6,000 feet in northeastern New Mexico. These details probably 
would vary considerably under the different conditions of humidity, 
latitude, and altitude within the distribution of the insect. 

EGG. 

PERIOD OF INCUBATION. 

The period of incubation is from 4 to 13 days in length, depending 
upon weather influences, the average throughout the season being 

about 9 days. During the warm summer months the egg period. occu- 
pies an average of from 5 to 7 days. 
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RELATION OF TEMPERATURE TO INCUBATION. 

In laboratory experiments and in the field it was observed that 
variations in temperature had a pronounced influence in determin- 
ing the length of the egg period. In one experiment half of a newly 
deposited egg cluster hatched in 4 days when exposed to a maxi- 
mum daily temperature of 90° F. while the remaining half of the 
same egg cluster which was exposed to a maximum daily tempera- 
ture of 70° F. required 7 days to complete its period of incubation. 
(See Table I.) 

Taste I.—Relation of temperature to incubation and nymphal development in 
Chlorochroa sayi. 

Maximum daily temperature of 70° F.....----- nme eres Wercane eeet 
Maximum daily temperature of 90% Pili)... e225. 52 oe eee bee eee 4 4 

Wiuserenee for, 207 Ol LEM pera bUTe ces a2s seo: 25 so ee et eee ee ee 3 | 5 7 

DETAILS OF HATCHING. 

When nearly ready to hatch, the eggs assume a darker color than 
during the earlier stages of their development. Upon dissecting one 
of these eggs it is found that the fully developed nymph is inclosed 
within a delicate transparent membrane. On the outside of this 
membrane just under the lid of the egg, and at a point opposite the 
vertex of the head of the inclosed nymph, is a black, chitinized 
T-shaped structure which functions as a shell burster. The curved 

top of the T, or shell burster, follows a curved line running from eye 
to eye of the nymph over the vertex of the head. The shank of the 
T follows the median dorsal line of the nymph posteriorly. A short, 
stout spine occupies about one-third of the median portion of the T 
at the point where the lines intersect. This spine is directed at the 
suture between the lid and the neck of the egg at a point opposite 
its hinge. During the process of hatching the struggles of the 
nymph against the shell burster exert a strong lifting pressure on 
this spine and the lid of the egg is partially raised. At the same 
time the inclosing membrane splits just back of the shell burster 
and slips forward over the head of the nymph. As the integument 
of the nymph is very soft, the emergence is by slow periodic move- 
ments apparently exerted from within the body of the nymph. The 
first portion of the nymph to be free is the first pair of legs, followed 
by the antenne, rostrum, second pair of legs, third pair of legs, head, 

thorax, and abdomen in the order named. 
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In observations on the hatching of 8 individual nymphs, the time 
required for emergence varied from 14 to 40 minutes, the average 
being 20 minutes. The newly hatched nymph is capable of locomo- 
tion soon after completing emergence but generally remains on or 
near its parent ege@ cluster until the second instar is reached. All 
normal eggs in the same egg cluster generally hatch within a 24- 
hour period. 

PROPORTION OF EGGS HATCHING IN THE FIELD. 

Unless destroyed by parasites or predacious enemies, the propor- 
tion of eggs of Chlorochroa sayi hatching in the field is very high. 
Occasionally a few eggs in otherwise normal clusters were prevented 
from hatching by being deposited wrong end up. A few eggs, too, 
were deposited on top of the main egg cluster, which invariably 
prevented the lower eggs from hatching. Very few infertile egg 
clusters were collected in the field. Abnormal weather conditions 
prolonged the period of incubation but appeared to have no other 
injurious effécts on the eggs. 

PROPORTION OF EGGS HATCHING IN THE LABORATORY. 

In one laboratory experiment a total of 1,068 eggs were deposited 
by 30 females confined in life-history cages. Of this number a total 
of 981 eggs, or 91.88 per cent, hatched. The remaining 8.12 per cent 
were probably somewhat affected by the abnormal cage conditions. 

NYMPHS. 

DURATION OF NYMPHAL STAGES. 

The prevailing temperature conditions have a marked influence 
in controlling the duration of the nymphal stages of Chlorochroa 
sayt in the field and in life-history cages. During the period from 
July 5 to August 18, 1916, a total of 17 nymphs were reared from ege 
to adult. (See Table II.) In this series of cages the first instar 
occupied 5 days; the second instar, from 7 to 9 days with an average 
of 8.2 days; the third instar, from 5 to 7 days with an average of 
6.4 days; the fourth instar, enone 7 to 10 days with an average of 
8.2 days; and the fifth instar occupied from 13 to 17 days, the 
average being 14.9 days. From 42 to 44 days were required to com- 
plete the nymphal period, the average being 42.7 days. 
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TABLE II.—Duration of nymphal instars of Chlorochroa sayi in period from 
July 5 to August 18, 1916. 

C) : re} = » a 
a ns il wre g ; ; 6 Ih) Se 5 els 
2 | 2a | i ms | oS & 53 | as | a8 =I 8 AS 
eS = 2 ey =i ay KAS) Oo = ea a3°l a3 lane 
BBE Bo) Bo) 88 | 88) Sh | ea) 38 | 88) 2S | 84268 
& a & oa wn nD i= i= is Fy <2) om =I 

Days. Days. Days Days Days.| Days 
July 5} July 10 5 July 19 9 July 24 5 Aug. 1 8 Aug.16{ 15 2 
MM ssollcecGlscaa) A) 7 locales ©) IGSakoy..- 5 |.--do...| 8 |...do....} 15 42 
BG Osea | eae OSes (sa On lee COee. 9 July 25 (i PK Coe yf Aug.17| 16 43 
EdOee|.-d0se5 5 July 17 7 July 24 Ge Neots 3 Aug.16) 15 42 
-do...|.--do....| 5 -do... 7 do... (ea GOlss ia S) PAN Sh 7 44 

--do...|.--do.... 5 July 18 8 July 25 7 Aug. 3 9 Aug. 17 14 43 
--d0...|.--do....| 5 July 19 9 SaCOsccd) 1G Aug. 1 7 |Aug.16| 15 42 
--do...].--do... 5 July 18 8 --do... 7 Aug. 2 8 Aug.17} 15 43 
-do...|.--do... 5 July 19 9 acdehoed|) @ Aug. 3 9 --do....} 14 43 
-do...|.-.do....| 5 July 18 8 eCOeaalinde Wile sdOsee |e 9 --do....| 14 43 
EdOlse|25-d0ss.-|, 5 --do... 8 does 7 Aug 2 8 do....| 15 43 
-do...].--do... 5 |.--do:.. 8 u-dozes O Woeete epee}! 13 Aug. 18} 16 44 
-do...}.--do... 5 |.--do.. 8 July 24 6 |Aug.1 8 |Aug.17| 16 43 
GOsee | 55 2GOscee|) ) 19,9 uls--d0s-- 8 July 25 7 Aug. 3 9 |Aug.16] 13 42 
OseeleeeGOsee4| od Soleselt. 93 July 24 6 |.--do...) 10 |Aug.17]| 14 43 

L. -do...|.-- Gone Suse dors. 8 --do... 6 |Aug.1 8 |Aug.16} 15 42 
merece |sin'e Coste se-GOses| co) |S OOscacl, 8 July 25 7 «| Aug. 2 8 |Aug.17}) 15 43 

- Averages......... fi ONE BSeonmes Sa2a ie s)<crstete cle (he eceeueas Or dileeteteisere 14.9 42.7 

Later in the season during a period of cooler weather, from August 
10 to September 30, 1916, the duration of the nymphal stages of 25 
nymphs averaged 7 days for the first instar, 14 days for the second 
instar, and 18 days for the third instar. (See Table III.) This 
series of experiments was discontinued on October 3. 

Taste III.—Duwration of nymphal instars of Chlorochroa sayi in period from 
Aug. 16 to Sept. 30, 1916." 

N Nymph First First Second Second Third Third 
Ww: hatched. molt. instar. molt. instar. molt. instar. 

Days. Days. Days 
1 Aug. 16 Aug. 23 7 Sept. 7 15 Sept. 22 15 
Qe does sce BEC OR Satiod val Sept. 6 14 Sept. 23 17 
Smileasdoseeene se douecen 7 Sept. 7 15 Sept. 27 20 
ANE doses Bere Osse nee 7 sec Ozscicics 15 Sept. 23 16 
5) baccl@bassne eee Obaccer 7 Sept. 6 14 Beas Gs sees 17 
Orlane dowencs dose 7 Sept. 5 13 Sept. 22 17 
TN Noes AOR ees Med Oesseek 7 Sept. 7 15 Sept. 26 19 
See dor.csee ed Ouee ee 7 Sept. 8 16 SSAC one ee 18 
Oy eeocGkosecade -do...... 7 Sept. 6 14 Sept. 24 18 

10) Wee 5e6-eecds Bed Oseenee 7 Sept. 5 13 Sept. 23 18 
eee doteeees doses 7 Sept. 7 15 Sept. 28 21 
19) NescetlOsucon6 Beier (oR U. Tee Olen ot 15 Sept. 26 19 
AD) yee edOred = elec do.....- 7 Sept. 5 13 Sept. 25 20 
Vai Os ceca ane does 7 Sept. 7 15 Sept. 26 19 
1G) W eeackileSasoos|lecer do....-- 7 ee dOl. cnc 15 Sept. 30 23 
GWG Ere Oscar |eeres do.....- 7 ept. 6 14 Sept. 24 18 
Ua Reese Ko eR Sle ea doweeae 7 Weeidobe. vs 14 Sept. 26 20 
ME eSaceloacdoalloson Goze 7 Sept. 7 15 Sept. 25 18 
19) jes edOsses Ra. do.....- 7 see O85: to 15 Sept. 22 15 
20) NoeeeCOsccasellbeae do...... 7 BecnGlosaane 15 Sept. 25 18 
OMe Scaeboosedledac do.....- 7 Sept. 6 14 Sept. 23 17 
PD) A aee Oe esoualaene does 7 Sept. 7 15 Sept. 22 15 
Za lgsad Ocenane less do...... 7 Sept. 6 14 Sept. 25 19 
OOS ereL0 Coe leases do...... 7 Social Oeaease 14 Sept. 22 16 
Wy VW odc Ocqacullbooe Goze 7 Sept. 8 16 Sept. 27 19 

ASV ETAL ES Seiccaice notion seeck 7 

1Discontinued Oct. 3, 1916. 
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Similar results were obtained as a result of life-history experi- 
ments during 1915. 

The death rate of nymphs under observation in the laboratory 
was very high and increased the difficulty in obtaining data on the 
length of the different stages, but it is believed that the durations of 
the instars given above coincide very closely with the actual periods 
occupied by the nymphs in the field. 

DETAILS OF MOLTING. 

When the nymph is preparing to molt it generally assumes a posi- 
tion with the head downward. After a quiescent period varying 
from 15 to 50 minutes the process of molting begins.- The thorax first 
splits down the median dorsal line, then the integument connecting 
the dorsal plates of the head and thorax splits transversely, allowing 
the head to fall forward. The thoracic region now becomes elevated, 
as a result of pressure exerted from within, and the split in the molt- 
ing skin more pronounced. This causes a transverse separation of 
the integument connecting the dorsal plates of the thorax and abdo- _ 
men to a point nearly as far as the lateral edges of the dorsal thoracic 
sclerites. The molting nymph first extracts the head and its ap- 
pendages and then the first, second, and third pairs of legs. As soon 
as the legs are free they are used as a lever in extracting the remainder 
of the thorax and abdomen from the molted skin. In four instances 
under observation the process of molting required from 9 to 12 
minutes. 

The newly molted nymph appears to be prepared to resume its ac- 
tivities within a few moments after the completion of its molt. 

With the exception of the ruptures noted above, the cast nymphal 
skin remains intact and greatly resembles a living nymph. 

RELATION OF TEMPERATURE TO NYMPHAL DEVELOPMENT. 

In order to determine the relation of temperature to nymphal de- 
velopment an equal number of nymphs hatching at the same time 
from the same egg cluster were kept under maximum daily tempera- 
tures of 70° and 90° F., respectively. The nymphs developing under 
the lower temperature required an average of 5 days longer for the 
first instar and 7 days longer for the second instar. (See Table I.) 
It is evident that cool weather retards nymphal development to a 
marked degree. 

ADULTS. 

PERIOD BETWEEN MATURITY AND BEGINNING OF OVIPOSITION. 

The ovaries of newly matured females do not contain eggs. In a 
series of laboratory experiments wherein pairs of reared adults were 
confined in individual cages, the minimum period between maturity 
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and oviposition was 41 days. Thisis Dean anle longer than the period 
required under field conditions, judging from. the number of genera- 
tions each year. The females maturing late in the season do not ovi- 
posit until the following spring. 

PROPORTION OF SEXES, 

Under field conditions the females of CAlorochroa sayi are slightly 
more abundant than the males. In a total of 564 adults, collected 
from various habitats throughout the active season, 313 were females 
and 251 were males. (See Table IV.) 

Taste 1V.—Proportion of sexes of Chlorochroa sayi in different habitats through- 
out the active season. 

Number | Number Total 
Date. Tabitat. of of 

males. | females. | @@ults. 

1916 
Maem OM MUTGer Tb bIsh S222 eet is a ead EL ee ee ees 6 12 18 
May 10|..... I ON eee ES EUG. usr. | cu ip Chee eae Oe 81 94 175 
Msty? 23). -= - ORR 22) VS pe WR Ee ed eek eS 1 4 5 
May 16 |.---- GONe estan code ae aicsee ae ae eben oss ea seenewsesceeisteaer ease 5 13 18 
June 29 |..-..- TOSSES EES eS Se ee ps Fe eS SS a 8S 4 4 8 
Dem Gu our Neatmeadso. 225 oo5— cook. Se oe oe oa eo ce ene mice st 28 22 50 
July 12 | Under Russian thistle of previous year-...............--.------ 12 6 18 
ives an Oniwhentiheads: 00 o2 0. Ose 25. Seok ose hoe cctmas Saeees 5 8 13 
felye co NeOnt wheat and thistle::2: 22 s34554 0032. .2b2e-e nt eseas- bee eds 3 4 7 
July 24 |....- 4 Deere sos ee a RS ie BERS 3 Se De Se 6 5 il 
Aug. 1] On Russian thistle in waste areas ofrecently cut wheat field 10 12 22 
PATS Dee CLOSE eae Sane iSeries Sad acces seee once <acenas rican ses 9 20 29 

Do. nTOA Nea dS ess Loe OA PEER eae SES a cee ad Oecd eye 6 6 
ANTE. (S| CHET EST TGH NG 4 Ce eee Ge ee eee ee 3 9 12 
AGES) 4iiicces GOrseS5s ERM Ee Sth) cee. Se sad ae Se et ss 12 11 23 
JN TT 1 fal ee BL er are ep tee reel: ok cle een eR eee Baise cree ha 8 8 16 
AIS. 24) | Ys. 5.3 GOSS ed Ae Eee REE NN) aR ome e Seek Cake 2 8 10 
DeHiewoey ML WiINlGer QUALLETS cae! yok geen seek esc bence ane ee semester een oes 2 6 8 
Sept. 29 |..... GOS Ost ee -c8 seek So SEES: See AE eee Eee Leb ee 20 20 40 
Hi Pal eae LO nee ee ae ee eee ae nes Peale asia sed eee come 34 41 75 

LONGEVITY OF REARED ADULTS. 

A series of reared adults kept in life-history cages lived a minimum 
of 19 days and a maximum of 48 days after maturity. The females 
lived for a longer period than the males. The longevity of these in- 
dividuals as adults was undoubtedly influenced by the unnatural con- 
ditions under which they were reared to maturity. 

LONGEVITY OF ADULTS COLLECTED IN FIELD. 

In a series of 93 life-history cages, each containing a pair of 
adults of CAlorochroa sayi collected in the field, the females lived a 
maximum of 78 days with an average of 33 days and the males a 
maximum of 66 days with an average of 23. Under field conditions 
the adults undoubtedly live for three or four months, while the adults 
of the last two generations remain in a dormant condition in their 
hibernating quarters all winter. 
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DURATION OF LIFE WITHOUT FOOD. 

The life of the adult is very short when deprived of food during its 
period of normal activity in summer temperatures. Five pairs of 
adults confined without food under a daily maximum temperature of 
75° to.85° F. began dying on the second day and all were dead at the 
end of the fifth day. Under the same circumstances five pairs of 
adults kept under a daily maximum temperature 15° lower began 
dying on the fifth day and all were dead at the end of the ninth day. 
During hibernation the body of the adult contains much fatty tissue 
which apparently acts as a reserve food supply. 

SEASONAL DEVELOPMENT. 

SEASONAL HISTORY. 

Tn the latitude of northeastern New Mexico the adults of Chloro- 
chroa sayi emerge from hibernation during the first warm days of 
late April or early May. At this time the ovaries of the females con- 
tain fully developed eggs, and if mild weather conditions prevail 
these eggs are deposited within a few days on the underside of the 
rubbish or other material composing the hibernating quarters. 

The resulting nymphs feed and develop upon the young sprouts 
of Russian thistle or other plants which have developed early in the 
season under the protection of the accumulated rubbish. Upon reach- 
ing maturity, about the last week in June, the adults of this first gen- 
eration and the survivors of the overwintering brood migrate to the 
fields of grain and feed upon the tender stems and developing heads 
until the grain ripens. It is during this period that most of the 
economic loss from the grain bug occurs. The females of this gen- 
eration usually deposit their eggs on the underside of rubbish in the 
field, or on Russian thistle growing along the ditches, fence rows, or 
waste areas. Occasionally eggs are deposited on different parts of 
the host plant, notably the awns or beards of the head, but as a rule 
the female seems to prefer the underside of some object near the 
ground. The newly hatched nymphs from these eggs have not been 
observed to feed upon the cultivated crops, but apparently depend 
upon weeds, especially Russian thistle, for their sustenance until 
reaching the third or fourth instar. 

The second generation is completed about the same time that the 
majority of the grain crops are harvested, during the first week in 
August. The surviving adults and large nymphs of the first two 
generations then migrate to fields of late grain, milo maize, Sudan 
grass, volunteer grain, or other food plants which then are developing 
heads. If none of these crops is present, the insects confine their 
feeding to any of the native food plants growing in the vicinity. 
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The individuals of the third generation, progeny of these adults, 
feed on the late grain crops, or on their native food plants, and reach 
maturity about the middle of September. 
_A very large percentage of the third-generation females do not 

oviposit until the following spring, but during favorable seasons a 
few of the earliest maturing individuals of this generation sometimes 

. deposit eggs from which adults of a partial fourth generation develop, 
although most of the nymphs do not reach maturity. 

With the advent of cold weather, in October or November, the 
surviving adults of the later generations seek hibernating quarters 
for the winter. Many nymphs in all stages of development also 
enter hibernation at this time but do not survive the winter. 

SUMMARY OF SEASONAL HISTORY. 

Hibernating adults deposit eggs during late April or early May. 
First-generation nymphs feed on native plants and develop to ma- 

turity in late June. Adults migrate to grain fields and feed on de- 
veloping heads. 

Second-generation nymphs feed on native plants or grain heads and 
develop to maturity in late August. Adults migrate to fields of late 
grain or feed on native plants. 

Third-generation nymphs feed as in the preceding generation and 
develop to maturity by the middle of September. Adults feed 
mostly on native plants. 
A partial fourth generation develops on native plants and ma- 

tures just before the advent of cold weather. 
Adults of the second, third, and fourth generations enter hiberna- 

tion during late October or early November. Nymphs enter hiberna- 
tion but do not survive the winter. 

NUMBER OF GENERATIONS. 

In the section where these observations were made there are three 

distinct generations each year and sometimes a partial fourth genera- 
tion. ‘The broods overlap considerably and all stages of the insect 

~ may be found in the field from the middle of May until the species 
enters its hibernation quarters in October or November. 

SEASONAL ABUNDANCE. 

The adults of the grain bug are very numerous locally during the 
time of their emergence from hibernation in April and May. In 
one instance 30 adults were found under a single “cow chip” about 
6 inches square; and a total of 175 adults were found under the 
dead weeds along a 20-foot space of an irrigation ditch. The period 
of greatest abundance occurs, however, after the development of the 
second generation in late June and during July. At this time many 

103881°—19——3 
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fields of small grain have been observed in which the adults and; 
nymphs averaged 4 or 5 to each head of grain. On several occasions 
a quart of the insects was swept within a space of five minutes. 
After the middle of July the numbers of each succeeding generation 
are greatly reduced by the activities of parasites and predacious 
enemies until at the end of the season it is sometimes very difficult 
to find specimens of the insects, or their eggs, in fields where they 
were formerly abundant. 

HABITS OF NYMPHS. 

GREGARIOUSNESS AND POWERS OF LOCOMOTION. 

During the first instar the young nymphs are gregarious in habit 
and seldom leave the proximity of their parent egg cluster. Soon 
after the second instar is reached they may wander away singly in 
search of food, but usually are found feeding very close together. 
During the third and succeeding instars the nymphs become more 
solitary in habit, but if the food supply is abundant the entire 
progeny of one egg cluster may reach maturity within a few feet 
from the place of their incubation, and under exceptional circum- 
stances they sometimes complete their development on the same 
plant. The nymphs are rather slow of movement and they lack the 
power of flight, but in cases of necessity the larger nymphs may 
crawl several hundred feet in search of food. 

FEEDING. 

The nymphs when feeding assume a position with the legs strongly 
braced against the plant, the head upward or downward. The sete of 
the mouth parts are inserted at right angles to the body and the liquid 
contents of the host are removed by suction. In the case of small 
grains the nymphs remove the entire contents of each kernel through 
a single puncture, but when feeding on tender stems several punctures 
are made within short distances of each other. Apparently the 
nymphs can not pierce any plant tissue after its epidermis has become 
hardened. ae 

In the early spring the nymphs of all stages feed upon Russian 
thistle but later in the season a large percentage of the fourth and 
fifth instar nymphs feed, with the adults, on the tender stems and 
developing heads of grain. The larger nymphs have also been ob- 
served feeding on the tender stems and newly formed seeds of 
alfalfa, but experiments demonstrated that the species could not be 
reared from egg to adult on this plant. Throughout the season the 
young nymphs of the first three instars appear to confine their atten- 
tion almost exclusively to Russian thistle, and when other food 
plants are lacking the nymphs of the last two instars feed upon this 
plant. 
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DAILY ACTIVITY. 

In calm and fair weather the nymphs of CAlorochroa sayi are 
active and feeding (see Table V) during the period from about 8 
a. m.1 until the heat of the sun becomes oppressive an hour before 
noon. Then they seek the shelter of some object and remain quiet 
until the heat of the sun abates, resuming their activity and feeding 
from about 2 p. m. until the atmosphere cools in the late afternoon. 
During the night, and the cooler periods at the beginning and end 
of each day, the nymphs remain inactive and generally seek some pro- 
tected location. The same is true during periods of high winds or 
rainy weather. 

TaBLeE V.—Daily activity and feeding habits of nymphs of Chlorochroa sayi, 
A July 15, 1916. 

Time. Bomber, Weather. Observation. 

A. M. ae eh | 
63 | 

4.30 62 \cloudy tteceee reser eee 
5 62 Sunrise e- see sso 

5. 30 Be Cicudy eee: 2-2. Resting 

6.30 ee Partly cloudy......... 
7 
7.30 73 \cloudy oe 
8 74 
8. 30 76 

78 
ft 30 ey Feeding. 

10.30 83 Pair ....--------------- 
11 86 
11.30 87 
NM. 

12 88 
P. M. Resting 
uv 30 or Partly cloudy......... 

1.30 93 \cloudy - SASS ae esa } 

94 
2.30 97 
3 90 
e 30 Be Quite cloudy........_. |} Feeding. 

fi 4.30 83 
e 82 | 

5. 30 80 | 
6 80 
6.30 80 P= Cloudy eaten 

7 ae Resting 
7. 30 77 

76 |;Quite cloudy.-........ 
9 73 

} 
f 

In discussing the feeding and activity of the nymphs, it should 
be understood that in the high altitudes of northeastern New Mexico 
the nights are very cool, even during the summer months, while high 
temperatures are recorded at midday. 
The inactivity of the nymphs during certain periods, together with 

their habit of dropping to the ground and feigning death when ap- 
proached, frequently leads many unobserving owners of damaged 

1 All references to clock time refer to “‘ Standard time.” 
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grain fields to underestimate the numbers of this species present, and 
very often the resulting damage is attributed to other causes. 

HIBERNATION. 

Although large numbers of nymphs enter hibernation quarters with 
the adults, they soon perish and in no instance have they been ob- 
served to survive the winter. 

HABITS OF ADULTS. 

COPULATION. 

The adults of Chlorochroa sayi are found in copulation on the food 
plants, under rubbish, or around the bases of plants at all times of the 
day and night. The mating pairs face in opposite directions and the 
length of copulation varies from a few minutes to several hours. 
In one life-history cage a pair was observed in copulation for two 
entire days and it is probable that they had continued in this position 
throughout the intervening night. On several occasions, when ob- 
served in copulation on their food plant, either one or both of the 
sexes continued to feed during the act. 

OVIPOSITION. 

Oviposition occurs at any time of the day or night whenever the — 
female happens to be resting or feeding. When ovipositing the legs 
are strongly braced and the abdomen is inclined at an angle, nearly 
touching the object on which the eggs are deposited. As each egg is 
forced through the ovipositor, the tip of the abdomen bends and de- 
posits the egg in its appointed position. Normally the eggs in the 
lower end of a cluster are deposited first and with these as a founda- 
tion the succeeding eggs are added in transverse rows. (See fig. 3.) 
The intervals between the deposition of individual eggs in a cluster 
average about one minute, so that the total time required for oviposi- 
tion depends upon the size of the egg cluster. 

LOCATION OF THE EGG CLUSTERS. 

The egg clusters of CAlorochroa sayi are found in a great variety 
of locations, but generally are placed on the lower side of some por- 
tion of the food plant or underneath some object in the vicinity. 
The adults emerging from hibernation deposit their eggs on the rub- 
bish or dead plants comprising the hibernating quarters, but the 
adults of the succeeding generations generally select the living food 
plant, or its close vicinity, for egg deposition. On different occasions 
egg clusters have been found on various parts of the food plant, in- 
cluding the awn or “beard,” the edges of the leaves, the head of 
beardless varieties, the upper and lower sides of the leaves, and the 
stem. Other locations selected for egg deposition were the lower side 
of “ cow chips,” clods of earth, stones, and tin cans, and the wire and 
posts of fences. On one occasion an egg cluster was found super- 
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imposed on a cylindrical cluster of eggs of the New Mexico range 
caterpillar (Hemileuca oliviae Ckll.) that had been deposited around 
a sunflower stem. 

NUMBER OF EGGS IN EACH CLUSTER AND THEIR DISPOSITION, 

Counts were made of 185 typical egg clusters collected in the field 
during 1915 and 1916. The number of eggs in individual clusters 
varied from 13 to 43, the average being about 26. The smallest egg 
cluster consisted of 9 eggs and the largest, apparently deposited by a 
single female, consisted of 75 eggs. No uniformity was apparent in 
the number of eggs composing each cluster. This is a deviation from 
the published records, which indicate that in closely allied species 
there exists a uniformity in the number of eggs in each cluster. 

The eggs are deposited with considerable regularity in two or four 
parallel rows, each egg being placed in the alternate space between 
the eggs of the adjoining row (see fig. 3), and’each row consisting of 
from 7 to 20 eggs. This tendency is particularly marked when plant 
stems or the awns of grain heads are selected for egg deposition. 
Frequently when eggs are deposited on the broad surface of an ob- 
ject the formation of the cluster is very irregular. 

NUMBER OF EGGS DEPOSITED BY EACH FEMALE. 

The females normally do not deposit their full complement of 

eggs at one time or in a single cluster. Twenty-one newly matured 
females collected in the field early in the season and placed in con- 
finement deposited a maximum of 107 and a minimum of 9 eggs, the 
average being 54 eggs from each female. These eggs were deposited 
in from 1 to 10 clusters over periods extending from 1 to 16 days. 
(See Table VI.) 

Taste VI.—Oviposition habits of confined females of Chlorochroa sayi. 

Average Days Number 
Total c number | between Female - N gmale | number | ofsepe | Number ofeggsin each | “Greys | frst and 

£8S- | clusters in each last ovi- 
: cluster. | position. 

1 91 5 18.1 16 
2 56 1 LA) cotta Fs Ren eS 
3 32 1 RP Anite el ar Una as 
5 60 6 10 5 
9 62 3 20. 2 1 

10 43 2 21.5 1 
12 107 5 21. 2 10 

. z 5.5 2 
th aS re eye seen a een 

18 58 5 11.3 6 
19 55 3 18 3 
20 56 2 28 11 
21 53 2 26.5 3 
22 9 3 3 4 
23 67 2 33.5 2 
24 97 4 24.2 13 
25 43 3 14.3 3 
ze at 10.1 11 

pS Tee eels Ae aes oe 
28 71 2 35.5 ) 
30 43 10 4.3 2 
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On May 10, 1916, 25 females were collected from winter quarters 
and dissected for egg counts. The maximum number of eggs per 
female was 56, the minimum 16, and the average 37. The ovaries of 
each female also contained many eggs which had not yet reached 
their full development. 

DURATION OF FERTILITY. 

The duration in the fertility of females varies greatly with dif- 
ferent individuals. In some instances the full complement of the 
female apparently is deposited at one time, and this fact accounts 
for the large number of eggs occasionally found in single clusters. 
Generally, however, the period of oviposition extends from a week 
to 20 or 30 days and during this time the female deposits from 2 to 
6 or 7 small egg clusters. (See Tables VI and VII.) - The latter is 
apparently the normal habit and explains the fact that the average 
egg cluster found in the field is smaller than the average capacity of 
normal females. : 

TaBLe VII.—Oviposition habits and duration of fertility of confined females of 
Chlorochroa sayi. Record started May 10, 1916. 

Date eggs were deposited. 

Fe- 

male May. June. 
No. 

15 | 16 | 17 | 18 |} 19 | 20} 21 | 22 23 24 | 25 26 27 | 28 | 29 | 30} 31] 1 2 3 

Lets 04 ENZO PE ie A AE Le | eo LOA el ene psatl 

C1 ecard hpi = 2 | Bla eae DBM pesca eee Oa co Waele sess 14 Te eee apeseces 
7 ASE ese lee Resell Eero eeica| (aan #5) 0 east PASS I ga ee |e OG ta es) a) Le St a es 
C33) Pes Come ee cae Keser ences So I an Seal ar | ES I CaP epee eee (geen Heol) bgt] Ferra a [uae Ieee cr 
[hal ieee Sees ISA et boy sl eearetes| ley cree eae yssesr hs B-4 eee. 6-44 EDM S DORA SC OaE Saale ees asec 
OA esl eee cierey FSeiorcdt Maisie (Sli | aes ees fe Ss TD SOME ccc iS stall ere sia ies leyeilPareiare | eataeell ete is eras leereeeatae ts 
1 [ste ese beset) en ses RSet be veya ey eee aaa 4 OOH Ws oral seiceil SONS SERN cre lores letra ecko eee 
Daas SMa asihe | ees ese leetetel se eal cise wisews ee Hon | eels oaee 30 11-46 
TG sae ee Aes Sa eS Dial Bota EAE aencl seo aceerhas 8 Bye GOSS Be ae) eee Goemasnc 
UAC Ses aeiacl eee ence ae ace Bick LO geese leacalesscce Saecha leer Gosaleseseciedltecelewcoon se 
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The ovaries of females dissected late in the autumn or in early 
winter contain no eggs, but the abdomen is filled with a large amount 
of fatty tissue. . Fertilization is probably accomplished during the 
last stages of hibernation in the very early spring and eggs develop 
within a short time. The ovaries of 25 females taken from hiberna- 
tion in March were found to contain an average of 37 eggs and many 
additional immature eggs were: present. 
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DAILY RATE OF OVIPOSITION. 

The daily rate of oviposition varies considerably with individual 
females of the same age confined in life-history cages under identical 
conditions of food and environment. 

Normally several days elapse between the deposition of each egg 
cluster, but occasionally a female deposits several small egg clusters 
on the same day, and frequently one or more egg clusters are de- 
posited by the same female on successive days. (See Table VII.) 

RELATION OF TEMPERATURE TO OVIPOSITION. 

The amount of oviposition in the field is not noticeably affected by 
the ordinary ranges of summer temperatures, because many of the 
egg clusters are deposited by the females when they are in hiding 
during the cool periods of the day or during inclement weather. 
Probably, however, the greater percentage of the eggs is deposited 
during the warmer parts of clear days when the females are actively 
feeding. 

FEEDING. 

PARTS OF PLANTS PREFERRED. 

The grain bug exhibits a marked preference for the juices of the 
seeds and fruits of its food plants and apparently feeds upon the 
tender stems and leaves only when more favored portions of the 
plants can not be obtained. 

In grain fields the feeding is confined to medium sized and 

rapidly growing heads of immature seed. After the grain reaches 
the “dough” stage the insect ceases to feed upon it. Whether it 
does so because it prefers other food, or because the hardening of the 
glume containing the seed prevents the entrance of the sete which 
constitute its piercing mouth parts, is not known. 

METHOD OF ATTACK. 

The adults attack and damage their food plants in much the same 
manner as has been previously described for the nymphs. The 
selected portion of the plant is pierced and its liquid contents re- 
moved by suction. The adults are very active in searching for the 
fruit or seeds of their food plants, and the total amount of damage 
caused by the insect in this stage is much greater than during the 
nymphal period. 

CONSPICUOUS APPEARANCE WHEN FEEDING OR RESTING. 

The grain bug adults are very conspicuous objects in the field, 
owing to their large size and tendency to seek the upper part of each 
plant, when feeding or resting on the grain heads. On clear days 
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the sunlight is reflected from the dorsal surfaces of the insects and 
adds to their conspicuous appearance. At this time at least 95 per 
cent of the adults present in the vicinity may be seen without moving 
any part of the plants. When disturbed, however, most of the adults 
immediately drop to the ground and seek cover. 

ODOR AND EXCREMENT. 

The characteristic odor of the adults and nymphs is not generally 
noticeable in the field even when the insects are present in large 
numbers. During thrashing operations, however, many farmers 
have reported that the odor given off by the grain bug’ was so 

_ noticeable as to cause much discomfiture to the workers. This was 
probably due to the fact that large numbers of the insects had con- 
centrated about the grain shocks and had given off the offensive 
odor when disturbed. In life-history cages this offensive odor is 
not noticeable unless the insects are roughly handled. 

The excrement of Chlorochroa sayi is a yellow-green fluid and is 
commonly found on the leaves or stems of the host plant. It varies 
in size from mere specks deposited by the young nymphs to circular 
masses 5 millimeters in diameter deposited by the adults. 

DAILY ACTIVITY. 

During the calm, pleasant weather of the summer months the adults 
of Chlorochroa sayi are active and feeding throughout the greater. 
part of the day and night. They are not affected by the excessive 
heat of midday, as is true of the nymphs, but are more active and 
do most of their feeding while high temperatures prevail. (See 
Table VIII.) During periods of high winds, rain, or hail storms 
and nightly temperatures below 60°, the insects cease their activities 
and seek shelter, generally under some object on the ground or around 
the bases of their food plants. 

TABLE VIII.—Daily activity and feeding habits of adults of Chiorochroa sayi, 

July 15, 1916. 

Wire cage 3 by 3 by 3 feet over wheat plot—2 male and 4 female adults. 

Hour. | Temperature. 

Sa aI ERE Weather conditions. Observation on activity. 

Shade.} Sun. 

A.M. F, F. 
4 GET eee es 5 on heads in same po- 

sition as gy 9p. nase 
night; at least 2 have 

Cloudy... ---------+-+2t 222-2. 22222 estes e esos eens eee ) setae inserted into grain 
head. 

4.30 G2 iieee hamiatae Do. 
5 : eB a ae Sunrise; cloudy. ..--.-.---.---.---- eas se es a 4 resting. 
5. 30 Ye) oat ace 4 resting. 

GOs lee Cloudy....---.----+-2++2+2-2++8s eee eee ee eens esse ees 2 resting. 
6.30 GON eee eae Partly Clow dye se saan Sepsis oes ee a eele aaeetoyeieteieee 3 pouting, 
7 lal aetterias 0. 
7,30 Pouliescaues Cloudy -....-2- 12-02 see eee e eects eects eee ee cece es 3 resting and feeding. 
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Taste VIII.—Daily activity and feeding habits of adults of Chlorochroa say, 
July 15, 1916—Continued. 

Wire cage 3 by 3 by 3 feet over wheat plot—2 male and 4 female adults. 

Hour. | Temperature. 

Weather conditions. Observation on activity. 

Shade.| Sun 

A. M. or. O78 
8 FAG eee £3 2 feeding: 
8.30 KS SES 3 feeding 

78 | 106 |¢Cl02l----------- 2-2-2222 222 essence reese eee 2 feeding 
9. 30 80 114 Do. 

10 82 118s KClearswind ising =. arses. ol aceeeec cece meee aceecte ss None feeding. 
10. 30 83 116 Clear 2 feeding 
11 86 LOLA Moo RSS MSMR TENA TERE A IST Re 3 feeding 
11.30 87 il Do. 

F Clear ?slightiwind@ ss 4s: $22 epee a= -Gee neck eee eee 4 : 
12 88 il feeding. 
P. M. 
12.30 91 iM) earthy cloudy; slight wand sa. ees seensene ee ees esa Do. 

- ae ue \Partl cloudy; no wind we 1.30 93 107 y See EY 21th TRAE Es eo oT 5 feeding. 
2 an 94 104 Re: 

. 97 102 : 0. 
3 90 QA [FOL Yao a nnn Do. 
3.30 88 90 3 feeding. 
4 88 88 Do. 
4.30 83 San | Cloudy#shiehthwlmds: sos eases ee eee eee 4 feeding. 
5 82 82 5 feeding. 
Hs 30 80 877 |(Cleanins: less wind 22/3322 sae teremcecie cee cies oe 4 ES) 

0. 
6. 30 Cleaning no wind ee Sates ee rg oo et ee ames Sah 5 feeding. 

5 feeding and resting. 
7.30 we Do. 
8 Bl Clears MO wane < hese a=\<larajo steele sia sie ears cia dees were Do. 
9 Do. 

Observations made at various times during the night indicate that 
the adults continue feeding after the daylight hours, providing that 
the temperature remains high enough for them to continue their 
activities. 

PREDACIOUS AND CANNIBALISTIC HABITS. 

In life-history cages the grain-bug adults frequently fed upon the 
contents of their own eggs. Under these same conditions the adults 
also fed upon the dead bodies of their companions and upon the 
issuing dipterous parasite larve. Apparently these predacious and 
cannibalistic habits are abnormal, as no observations of a similar 
character were made in the field, where on all occasions the nymphs 
and adults were observed to feed exclusively upon plants. 

r GREGARIOUSNESS. 

The grain bug exhibits a marked degree of gregariousness in hiber- 
nation and to a more limited extent during its period of activity in 
the field. In May, 1916, a total of 30 hibernating adults were found 
under one “ cow chip” about 6 inches square, and in the same vicinity 
175 adults were collected from underneath the rubbish along a 20-foot 
space in an irrigation ditch. When feeding in the field they appear 
to prefer certain food plants to the exclusion of others of the same 
kind and in the same stage of development. This characteristic fre- 
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quently results in the concentration of 6 or 8 individuals on one 
grain head while similar plants in the vicinity receive but slight 
attention from the species. When large numbers of the insects are 
present in fields of wide area the adults appear to concentrate in 
certain portions of the field and change their location as the food 
supply becomes exhausted. 

It is problematical whether this gregarious habit exhibited by the 
grain bug is a result of an attraction between the individuals or is 
largely stimulated by the presence of attractive food during its period 
of feeding and by superior facilities for protection during its inactive 
periods. 

FLIGHT. 

Generally the adults are very sluggish flyers and their flight is 
limited to a short distance. When disturbed they habitually drop to 
the ground for the purpose of seeking concealment without attempt- 
ing flight. Under special conditions, however, the adults are capable 
of long and sustained flight. On June 30, 1916, large numbers of the 
adults were present on a small plot of wheat growing in the insectary 
grounds at Maxwell. The day was very warm, with no wind, and 
at this time when disturbed the adults took to flight and gradually 
ascended to a height of from 10 to 30 feet in the air, from this altitude 
maintaining a straight course as far as the eye could follow. Similar 
observations have been made in the field from time to time, and it is 
probable that these migrations generally are traceable to the need of 
a fresh food supply. 

The adults have not been observed in flight during windy days, but 
the fact that they commonly migrate to the leeward side of the field 
at these times would indicate that their general line of flight was in 
the same direction as the prevailing wind. 

On October 2, 1916, during a windy period, large numbers of 
adults were found feeding on the Russian thistle growing in the 
northeast corner of an abandoned wheat field. The wind was from 
the southwest, and although the adults were found in small numbers 
throughout the field, most of them apparently had been driven to 
their present location by the prevailing wind. 

HIBERNATION. 6 

The grain bug hibernates exclusively in the adult stage. No im- 
mature forms have been observed to survive the winter, although 
many of the larger nymphs enter hibernation with the adults and 
live for a short time. 

LOCATION OF HIBERNATING QUARTERS. 

In general, Chlorochroa sayi hibernates under and among dead 
weeds or rubbish, in crevices under the loose bark of trees or posts, 
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and around the bases of large uncut tufts of native grasses. The luxu- 
riant growth of dead Russian thistle along irrigation ditch banks, 
fence rows, and roadsides, as well as piles of débris in the fields or pas- 
tures, affords ideal hibernating quarters for the insect. In cleaning 
out any of these habitats during the spring, it is not:‘unusual to find 
scores of the adults concentrated within a very limited space. This 
circumstance at once suggests a simple and effective method for con- 
trolling the pest. 

The hibernating adults apparently lack the power to burrow be- 
neath the surface of the soil. Generally they are found directly 
underneath the material composing their hibernating quarters or in 
loose material on the surface of the ground. 

MORTALITY DURING HIBERNATION. 

In some localities there is a high percentage of adult mortality 
during hibernation. Frequently in the spring large numbers of dead 
individuals are found grouped together with only a very few living 
forms remaining. Under these circumstances it is probable that the 
hibernating quarters were exposed to unusually severe conditions and 
did not afford the contemplated protection from winter temperatures. 
It is also possible that parasites, predators, or fungous diseases oc- 
casionally may be responsible for the high rate of mortality. 

Under more favorable conditions for hibernation it is not uncom- 
mon to find that among hundreds of adults at least 95 per cent have 
survived the winter. 

Severe winters undoubtedly result in the death of a large per- 
centage of hibernating adults and form one of the most important 
factors in restricting destructive outbreaks of the species. 

CHANGE OF COLOR DURING HIBERNATION. 

In hibernation the adults of Chlorochroa sayi change to a green- 
ish-pink color, quite distinct from their normal summer appearance. 
This change is not evident in the autumn when the adults are seeking 
their winter quarters or in the spring directly after they have 
emerged from hibernation. Adults collected in the autumn and kept 
active throughout the winter in a stove-heated room assumed the 
same characteristic color as the inactive adults in outdoor hibernating 
quarters. The specimens reverted to their normal coloration in the 
spring. Possibly this change in the appearance of the species during 
the summer and winter seasons may serve as protective coloration. 

The winter coloration persists in the pinned museum specimens of 

adults collected from hibernation, 
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NATURAL ENEMIES. 

PARASITES. 

During the course of the investigations in New Mexico one procto- 
irypid parasite, Telenomus ashmeadi Morrill, was reared from the 
eggs of Chlorochroa sayi, and two tachinid parasites, Gymnosoma 
fuliginosa Desv. and (Ocyptera) Ocypterodes euchenor Wall. were 
reared from the adults of the species. 

PARASITES OF THE EGG. 

The egg parasite Zelenomus ashmeadi (fig. 11) constitutes one of 
the most effective natural agents in the control of Chlorochroa sayi 

and is very widely 
distributed through- 
out the area infested 
by the pest. During 
the latter part of 
July and the early 
part of August, in 
1915, adult parasites 
emerged from about 
60 per cent of the 
eggs collected in 
badly infested fields. 
In many egg clusters 

Fig. 11.—Telenomus ashmeadi, an egg parasite of the grain a parasite emerged 

bug. Greatly enlarged. (Morrill.) from each and every 

egg. In all instances under observation it has been noted that 
nymphs rarely hatch from an egg cluster when any of the individual 
eggs produce parasites. Upon dissection these unhatched eggs gen- 
erally are found to contain dead parasites or to be nearly devoid of 
contents, apparently the result of parasitism. It is evident from ° 
the foregoing that the percentage of eggs from which adult parasites 
emerge does not necessarily indicate the full total of parasitism in 
the field. 
On July 27, 1916, a dozen reared parasites were confined in a glass 

vial with a freshly deposited egg cluster of C. sayi. Within two 
minutes the females began ovipositing. During this process the 
female stands on the two posterior pairs of legs with the body nearly 
vertical and inserts her short ovipositor into the egg, meanwhile 
bending the head and antenne forward. They prefer to oviposit in 
the top of the egg or in the side of the egg near its top. On August 
13 the adult parasites began emerging from this egg cluster, a total 
of 17 days being required to complete the life cycle of the parasite 
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in this instance. In a similar experiment started on August 17, 1915, 
the duration of the life cycle was 26 days. 
The comparatively short life cycle of 7. ashmeadi enables the 

species to complete several generations each year and greatly in- 
ereases its value as a parasite. 

PARASITES OF THE ADULT. 

Field collections made from various and widely separated localities 
during 1915 and 1916 demonstrated that in some fields nearly 25 per 
cent of the adults and last-instar nymphs were parasitized by the 
tachinid fly Gymnosoma fuliginosa. 

{ 
~ las 

Fig. 12.—Gymnosoma fuliginosa, a fiy parasite of the grain-bug adult. Much enlarged. 

According to Morrill (5) the female of this species usually de- 
posits her eggs near the margin of the body. on the ventral pro- 
thoracic region of the adults and fifth-instar nymphs. The manner 
in which the resulting larva enters the body of its host has not been 
observed. The body contents are consumed within a short time and 
the fully developed parasite larva makes an exit through the anal 
opening of its host and enters the ground for pupation. The period 
of pupation for 24 individuals reared during the summer of 1916 
varied from 6 to 15 days, the average period being 11.4 days. 

The parasitized insect retains its activity and powers of destruc- 
tiveness up to within a short time before the parasite is due to 
emerge. This characteristic detracts somewhat from the value of 
G. fuliginosa and renders it of less importance than the egg parasite 
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Telenomus ashmeadi in the natural control of C. sayi. Frequently 
death does not occur until several hours, or even days, after the 
parasite has left the body of its host, the host meanwhile remaining 
inactive. 
Although eggs are deposited on the nymphs, no instances were ob- 

served in which the larve of G@. fuliginosa completed their develop- 
ment and issued before the host reached its adult stage. 
The seasonal history of G. fuliginosa corresponds very closely with 

that of C. say and there are the same nuimber of generations annually. 
The adults are engaged actively in parasitizing C. sayi throughout 

Fie. 13.—Ocypterodes euchenor, a fly parasite of the grain-bug adult. Much enlarged. 

the period of activity of the host, extending from April to October 
or November. They are most numerous during the months of July 
and August, and at this time a dozen or more individuals have been 
collected by a few sweeps of the net in fields that were heavily in- 
fested with C. sayi. | 

The parasite hibernates, in some instances at least, as a larva within 
the body of its host. In February, 1916, during severe winter weather, 
25 adults of C’. sayi were collected from hibernation at French, N. Mex., 
and placed in a heated room. They became active within a few hours 
and 38 days later 2 larvee of G. fuliginosa issued. ‘These larve were 
placed in a pupating cage and the resulting adults emerged 16 days 
later. It is probable that the parasite also hibernates as a puparium 
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beneath the surface of the ground, as many individuals in this stage 
have been dug from the soil underneath the hibernating quarters early 
in the spring. This fact was not definitely established, however, ow- 
ing to the difficulty encountered throughout the winter in examining 
the frozen soil of these locations. 

Eight specimens of the tachinid Ocypterodes euchenor Walk. were 
reared from several hundred adults of Chlorochroa sayi kept in con- 
finement during 1916. The species has been observed infrequently 
in the field and must be considered of only minor importance in the 
natural control of C. sayi. Its life cycle and habits, as far as ob- 
served, were very similar to those of Gymnosoma fuliginosa. 

PREDACIOUS ENEMIES. 

The offensive odor secreted by the scent glands of Chlorochroa 
sayz has been commonly supposed to protect them from the attacks 
of predatory enemies. While this odor may act as a repellent to 
some of its enemies, in the case of C. sayi the different stages of the 
insect are preyed upon by quite a variety of both vertebrate and in- 
vertebrate enemies. Considered individually these enemies are not 
of great importance in the control of the pest, but in the aggregate 
they undoubtedly exert considerable influence in the reduction of its 
numbers. 

PREDATORY INSECTS. 

The adults of the malachiid beetle Collops bipunctatus Say 
feed upon the eggs of Chlorochroa sayi in the field. This small 
beetle is very numerous in the grain fields of New Mexico and ap- 
parently is one of the most effective predatory enemies of the grain 
bug. In confinement a single adult of this species devoured in one 
day an egg cluster consisting of 10 eggs, consuming even the egg- 
shells. The same individual, however, refused to feed upon small 
nymphs of C. sayi. 
When confined in cages the adults of C. sayi frequently fed upon 

their own eggs, but this habit has not been observed in the field. 
The adults of Sinea spinipes H. S. and of Phymata erosa Stal 

have been observed feeding upon the nymphs of the grain bug in the 
field. 

BIRDS. 

The Bureau of Biological Survey reports that ChAlorochroa sayi 
has been found in the stomachs of the nighthawk (Chordeiles vir- 
ginianus) and the meadowlark (Sturnella neglecta), and that indi- 
viduals of other species of the same genus have been found in the 
stomachs of the bobwhite (Colinus virginianus), kingbird (Tyran- 
nus tyrannus), Brewer blackbird (Huphagus cyanocephalus) , Frank- 

lin gull (Larus franklini), and English sparrow (Passer domesticus). 
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MISCELLANEOUS ENEMIES. 

The Rocky Mountain toad (Bufo lentiginosus woodhouset) has 
been recorded by the Biological Survey as feeding upon various 
species of Chlorochroa, 
A half-grown chicken devoured 8 adults during a single day, when 

placed in a large outdoor cage with these insects. It has been com- 
monly reported by farmers that a diet of grain bugs often kills 
barnyard fowls, but these reports have not been verified. 

CONTROL METHODS. 

DESTRUCTION OF HIBERNATING QUARTERS. 

The obvious method for controlling the grain bug is the destruc- 
tion of the adults when they are concentrated in their hibernating 
quarters. This is best accomplished in the late autumn, during the 
winter, or in the early spring by plowing under or burning all weeds 
and rubbish in and about cultivated fields. This applies particularly 
to the dead Russian thistle in abandoned fields and along irrigation 
ditches, check ridges, and fence rows; in fact, all locations where the 
accumulations of weeds or rubbish afford suitable hibernating quar- 
ters. Even in the large-scale farming operations which predominate 
throughout most of the territory infested by the insect, it is possible 
to carry out these measures of contro] as a good farming practice 
which contributes to the destruction of weeds and of various species 
of noxious insects. Much of the local infestation results from hiber- 
nating adults that wintered in the same field or its vicinity and which 
could have been destroyed by the farmer with an expenditure of very 
little additional labor. In many instances, however, the grain bug 
adults migrate from considerable distances and this circumstance 
necessitates a systematic clean-up community campaign in badly in- 
fested areas. Objections often are offered to control measures simi- 
lar to the foregoing, because of the time and expense involved in 
their application, but it must be borne in mind that any extra efforts 
required to prevent insect depredations are repaid manyfold in the 
increased production of the crops. The measures recommended here- 
in for the control of the grain bug should be included in good farm 
practice at any event and can be carried out during a time when 
farm labor and equipment ordinarily are idle. 

TRAP CROPS. 

Early in the season the immature stages of the first generation of 
the grain bug are concentrated on the tender plants of Russian thistle 
and other native plants growing in the waste areas of cultivated fields. 
At this time the multiplication of the species may be restricted greatly 
by spraying these areas with a strong insecticide or chemical, thus 
killing the insects and their obnoxious food plants in one operation. 
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HAND PICKING. 

Hand picking of the grain bug adults and nymphs may possibly 
prove practical when valuable crops growing on small areas are at- 
tacked. These conditions often occur in the high-priced irrigation 
areas of the Southwest. 

HOPPERDOZERS. 

Tt has often been suggested that a hopperdozer might be employed 
to collect the adults and nymphs of the grain bug while they are feed- 
ing on the heads of the grain. An operation of this kind, however, 
would be complicated by the fact that the insects generally drop to 
the ground when closely approached. Then, too, at the time when 
most of the injury by the grain bug occurs the condition of the grain 
is such that the passage of any collecting machine would result in 
considerable damage to the crop. | 
A modification of the hopperdozer might be effective when the at- 

tacked crops are grown in hills or rows. 

ASSOCIATED SPECIES OF PLANT BUGS. 

A few nymphs and adults of Thyanta custator Fabr., Thyanta 
rugulosa (Say) Uhl., and several species of the genus Euschistus gen- 
erally were found associated with Chlorochroa sayi in the field and 
closely resembled the latter in their life history and habits. None 
of these species was present in sufficient numbers to cause appreciable 
damage in the section of the country where these observations were 

made. 

SUMMARY. 

1. Since 1911 the grain bug (CAlorochroa sayi Stal) has become a 
serious enemy of wheat and other small grains in the intermountain 
and southwestern States. 

2. The most important damage is caused by the insect piercing the 
newly formed heads of various cereals and removing the liquid con- 
tents, thus preventing the formation of the grain.or greatly reducing 
its weight. 

3. The reduction in yield from grain-bug attack varies from 10 to 
50 per cent of the crop. In extreme cases ene entire crop may be 
destroyed. 

4. The cultivation of large areas formerly devoted to grazing elimi- 
nated the native food plants of the insect and caused it to attack cul- 
tivated plants. 

5. This change to more succulent food plants, together with the 
superior facilities afforded for hibernation in the cultivated areas, 
resulted in an increase of the pest beyond its former abundance. 
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6. Wheat, barley, and rye are the preferred food plants among the 
cultivated crops. The species also feeds upon other cereals, and upon 
alfalfa, cotton, peas, beans, cabbage, tomato, and lettuce, in addition 
to many native plants. : 

7. The first recorded damage occurred in 1903, and since that time 
destructive outbreaks have been reported from most of the States 
west of the Great Plains area. 

8. Weather influences and the work of parasites generallv restrict 
destructive outbreaks in each locality to periodic intervals of two or 
three years. 

9. Adults emerge from hibernation in the early spring and deposit 
eggs on the material composing the hibernating quarters. The re- 
sulting nymphs feed upon tender plants growing in the vicinity. 

10. Upon reaching maturity the adults migrate to grain fields and 
feed upon the developing heads. . 

11. There are three distinct generations and sometimes a partial 
fourth generation annually. About 50 days are required to complete 

the life cycle of each generation. 
12. After midsummer the numbers of the insects are greatly re- 

duced by an egg parasite, Telenomus ashmeadi, and by two species 
of tachinid parasites, Gymnosoma fuliginosa and COcypterodes 
euchenor, which parasitize the adults. Several kinds of predacious 

enemies contribute to the same result. 
13. Hibernation occurs in the adult stage under weeds or rubbish. 

No nymphs or eggs survive the winter. 
14. Severe winters result in the death of a large percentage of 

hibernating adults and constitute one of the most important factors 
in restricting destructive outbreaks of the species. During normal 
winters at least 95 per cent of the adults survive when hibernating 
in protected locations. 

15. The most effective and practical method of control is the de- 
struction of the adults while they are concentrated in their winter 
quarters. This is best accomplished by plowing under, or burning, 
all rubbish and weeds, particularly Russian thistle, in and about cul- 
tivated fields. These control measures should be included as a part 
of the regular farm practice and any special work required may be 
carried on during the inactive season at a time when the farm labor 
and equipment ordinarily are idle. 

16. Trap crops, hand picking, and hopperdozers might prove 
practical in the control of the insect under special conditions. 
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INTRODUCTION. 

Nosema-disease is an infectious disease of adult honeybees. It 
causes the death of many individual bees, tending thereby to weaken 
the colonies infected. Many colonies die of the disease, but the per- 
centage of deaths is comparatively small and entire apiaries are 
rarely, if ever, destroyed by it. It is not to be considered, therefore, 
as a particularly serious disorder. This is shown by the results 
recorded throughout the present paper. It is to be thought of rather 
as a disease the losses from which are less to the infected apiary than 
the losses from either of the foulbroods, although greater than those 

103789°—19—Bull. 7801 
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from sacbrood. The disease is one, however, of considerable eco- 
nomic importance. 

The fact that Nosema-disease is not a new disease deserves em- 
phasis. The knowledge of the disease and its name only are of 
recent origin. Nosema-disease, like the brood diseases, has probably 
existed among bees longer than history records the keeping of bees 
by man. Since the disease is not a new one, fear regarding additional 
losses from it would not be justified. On the other hand, as we 
know of the disorder, we may entertain the hope that the losses due 
to it may now be lessened. 

Until 1909 the existence of Nosema infection among bees was not 
generally known to beekeepers, although it had been studied some- 
what by Donhoff (1857) about a half century earlier. Zander began 
his studies a decade ago and since the appearance of his first paper 
(1909) a number of investigators have made studies on the disorder. - 
In the papers which have been written concerning the infection, 
widely differing views regarding certain points have been expressed. 
To discuss these different views would be to go beyond the scope of: 
the present bulletin. 

The writer began the study of Nosema infection in 1910 Allein 
the demnoneineniion by him that the disorder exists in the United 
States. In pursuing these investigations the object has been not 
to devise a treatment for the disease, but rather to ascertain such 
facts concerning the disorder that the beekeepers might be able to 
devise methods for its treatment with the assurance that they would 
be not only efficient but also economical. While there is yet much to 
be learned about the disease, this object has been fairly well attained. 
Relations which the results obtained bear to practical apiculture 
should be borne in mind, therefore, in reading the paper. __ 

During the studies the effect of the disease on colonies’ and on 
aplaries, the transmission of the disease, the resistance of the infecting 
germ to heat, drying, sunlight, fermentation, putrefaction, and dis- 
infectants, and the effect of drugs on the disease are among the 
problems which have been considered. 

An earlier paper (White, 1914) refers briefly to the nature of the 
results obtained from these studies. The present bulletin gives all 
the results obtained from them which are believed to be of direct 
practical value to the beekeeper or otherwise of particular interest 
to him. The nature of the bulletin is similar, therefore, to the one 
on sacbrood (White, 1917) recently published. 

1 As in the sacbrood paper, so in the present one, technical discussions have been purposely avoided, 
The semitechnical points which could not well be omitted are briefly explained in the sacbrood paper. 

Unless the reader is familiar with the nature of such investigations, the sacbrood bulletin will probably be 

found helpful in following the present one. 
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NAME OF DISEASE. 

About 60 years ago Dénhoff (1857, March) discovered small oval 
bodies upon examining microscopically the stomachs from adult bees 
which he supposed had died of exposure. He sent some of the bees 
to Leuckart, who after an examination of them expressed the belief 
that the oval bodies were the spores of a fungus (‘Pilz’). The dis- 

order was referred to by Dénhoff (1857, August) by the term “ Pilz- 
sucht” (fungous disease). 

These observations apparently had been practically forgotten at 
the time Zander (1909) reported his studies on a disease of adult 
bees in which he found small oval bodies in the walls of stomachs 
taken from affected bees. These were in fact the parasites that 
cause the disease. To the germ Zander (1909) gave the name 
Nosema apis and for the disease he (1911) used the name ‘‘ Nosema- 
seuche.”’ 

The disorder studied by Dénhoff and the one studied by Zander 
are almost without question one and the same condition. It will be 
noted that each of these men in referring to the disorder used a term 
containing a reference to the parasite considered by each, respectively, 
as being its cause. The term “ Nosema-disease,’’ + which the writer 
(1914) has suggested as the common name? for the disease, is not a 
new one, it will be observed, but simply an English translation of the 
term ‘‘Nosema-seuche”’ used by Zander. 

In Switzerland “‘ Nosemakrankheit’”’ (Nosema-disease) (Nussbau- 

mer, 1912; Angst, 1913) is the term commonly used in referring 
to the disease. In Denmark Bahr (1915) used the term ‘‘Nosema- 

sygdommen’”’ (Nosema-disease). 

The name “‘ Nosema-disease’”’ possesses certain features which com- 
mend it: (1) It is definite, as it can refer only to the disease caused by 
Nosema apis; (2) it suggests the nature of the disease by referring to 
its cause; (3) it is readily understood; and (4) it is not long. 

Care should be observed that Nosema-disease is not confused with 
dysentery. Leuckart (1857, March) early raised the question regard- 
ing its relation to dysentery. The question was soon afterwards 

1T¢ will be observed that there are two parts to the name and that the name of the disorder is not 

“Nosema,”’ but “‘Nosema-disgase.” It is suggested, therefore, that the name be written, for the present 

at least, as a compound word. By so doing the difficulty which has been experienced by some will be 

avoided. 

2 While working on a disorder which had received the common name “‘Isle of Wight disease,’”? Fantham 

and Porter (1911), in England, encountered a protozoan parasite belonging to the group Microsporidia 

which they identified as being Nosema apis. In selecting a technical name for the disorder caused by the 

parasite they chose the term ‘“‘ Microsporidiosis,’’ derived, as will be observed, from the group name Micro- 

sporidia, under which the parasite is classified. The name is, therefore, an appropriate one. The term 

has received some criticism on account of its length and possibly on account of its not being readily 

understood. 

As the parasite is now believed to belong to the genus “Nosema,” the writer begs to suggest that as a 

technical name for the disorder the term ‘‘nosemosis’’ would have some arguments in its favor. This 

is not to be interpreted as proposing a substitute for the earlier term ‘‘Microsporidiosis.” It is meant, 

rather, as an explanation of it. 
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taken up by Brotbeck (1857). Zander (1909) in his first paper re- 

ferred to Nosema infection as a (malignant) dysentery. Other discus- 
sions have appeared from time to time in regard to such relationship 
(Maassen and Nithack, 1910; Beuhne, 1911; Maassen, 1911). 

In fact the two disorders are very different and should be con- 
sidered, for the present at least, as having no direct relation to each 
other. As both conditions are widely distributed and occur most 
frequently in the spring of the year, it is to be expected that not 
infrequently both of them may be encountered together in the same 
colony. 

Efforts have been made to determine the name by which Nosema- 
disease has been known to beekeepers in the past. In these studies 
it was found (p. 16) that the highest percentage of Nosema-infected 

bees occurred in weak colonies. Consequently in asking beekeepers 
for samples bees from weak colonies were requested. In response 
to the request made approximately 150 samples were received. 
Fully half of these contained Nosema apis. Nine representative 
beekeepers located in different sections of the country that sent 
Nosema-infected bees were asked concerning the name by which the 
colonies showing the weakened condition were known. Three replied 
spring dwindling; two, not spring dwindling; two, weak colonies; one, 
bad queen; and one, ‘Don’t know.” None suggested paralysis and 
none dysentery. 

In reply to requests for bees from colonies showing spring dwindling 
38 samples were received from 14 beekeepers located in different 
sections of the country. Out of the 38 samples 15 upon examination 
revealed the presence of Nosema ayis. From these 15 samples 314 
bees were examined, of which 70 were found to be Nosema-infected. 

Samples have been received from five beekeepers who diagnosed 
the condition. in the colonies from which the bees were taken as 

paralysis. Nosema apis was not found in any of them. 
The facts indicate, it would seem, that beekeepers had not learned 

to recognize the disease produced by Nosema apis by any one name. 

DIGESTIVE TRACT OF ADULT BEES. 

In Nosema infection the parasite Nosema apis enters, infects, and 
leaves the bee by way of the digestive tract. It is well, therefore, to 
know something of the location, arrangement, appearance, and 
structure of the organs of the alimentary canal of the healthy adult 
bee in order that the disease when encountered may be recognized 
and more fully understood. 

The following description is an abbreviation of a general survey of 
the alimentary tract by Snodgrass (1910). The part of the alimentary 
canal (fig. 1) immediately following the mouth forms an enlargement 
called the pharynx (Phy). Succeeding this is the esophagus (4), 
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a slender tube traversing the entire thorax. In the anterior part of 
the abdomen the csophagus expands into a large thin-walled sac 
which is known as the honey stomach (HS); next is the short neck- 
like portion, the proventriculus (Pvent); then comes the large U- 

shaped portion, the stomach or ventriculus (Vent), an organ with 

thick walls and many annular constrictions. Following the stomach 
is the short, narrow 
and coiled, small in- SRE ee SEN, 
testine (SInt) having Sey 

a circle of about one 
hundred long, greatly 
coiled, blind, thread- 
like tubes opening 
into its anterior end. 
These tubes are the 
Malpighian tubules 
(Mal). Following the 
small intestine is the 
large intestine or rec- 
tum (Rect). When 

bees have been con- 
fined for some time 
this latter portion of 
the canal is found dis- 
tended with material 
to be voided. 

Since the stomach is 
always invaded by the 
parasite in Nosema- 
disease, and the Mal- 

pighian tubules occa- eZ rama ~Nent 
sionally are, a further Zs 4 SPN ¢ yy 
description of the | 
structure of these or- 
gans seems warranted. 

The stomach (fig. 
1, Vent) is a relatively Fic. 1.—Alimentary canal of worker bee: Pharynx (Phy), oesophagus 

Sa - (@), honey stomach (HS), proventriculus (Pvent), stomach or 

thick-walled oe s ant ventriculus (Vent), small intestine (S/nt), and large intestine or 

lying U-shaped within rectum (Rect), rectal glands (RG), Malpighian tubules ( Mal), 

the abdomen When Salivary glands of head (2Gl) and thorax (3G/l), and pharyngeal 

k glands (1G/) arealsoshown. (Snodgrass.) 
removed and straight- 
ened it isseen to be in general cylindrical but somewhat spindle-shaped 
inform. (Pl.J.) Circular constrictions present give to it asegmented 

appearance. The number and distinctness of these transverse mark- 
ings vary somewhat. ‘The size of the organ and its color vary also. 
The color varies within wide limits, being usually some shade of 
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brown. It may be quite light, approaching a yellow, or it may be 
dark, approaching the red observed in the flesh of the ox. Stomachs 
of the lighter shades especially are translucent. 

The rather thick walls of the stomach (fig. 2) consist of an inner 

epithelial and an outer muscular portion. Between these is the 

y) \ 
‘ ‘ 
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TRESS NEL “ees SrODTS e. fe. TMT NO e* 
AA 1 

etree. 

OLDS 0G. eee: 

ey, Ce eco 
Oa PP_- 

\ 
EEN 

@ ee 2 

Fic. 2.—Microscopic anatomy of alimentary canal of worker bee: A, cross section of stomach showing 

peritrophic membranes (Pmb); B, wall of stomach, more highly magnified, showing epithelial layer 

(Epth), basement membrane (BM), and muscular portion; C, section of Malpighian tubule showing 

epithelium ( #pth) and basement membrane (BM); D, crosssection of smallintestine. This portion of 

the canal, the rectum, and the cesophagus have a heavily chitinized intima. (Snodgrass.) 

basement membrane. Both surfaces of the epithelial layer are 
irregular. ‘This consists of epithelial cells (pth) varying in size and 
outline. Closely associated with the outer surface of the epithelial 
layer is the basement membrane (BM). In connection with its 
inner surface is the more or less indefinite intima (Jné) which possibly 
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bears some relation to the peritrophic membranes (Pmb). Outside 

the basement membrane is the muscular portion of the stomach wall 
consisting of three (White, 1918) muscular layers (Pl. II, D; and PI. 
III, L). The outer and inner ones are made up of longitudinal and 
the middle one of circular fibers (fig. 3). Each layer is made up of a 
single layer of branched fibers. 

Digestion and absorption, comparable to some extent to those 
obtaining in the human stomach, are functions which have been 
attributed to the stomach of the bee. 

The Malpighian tubules (fig. 2, G Mal) empty into the alimentary 
tract at or very near the juncture of the stomach and small intestine. 
Microscopically their structure is seen to consist of a single layer of 

Fic. 3.—Longitudinal section of stomach of honeybee showing infection with Nosema apis: ep, Epithelial 
portion, containing the spores of the parasite stained black. (The younger parasites, not differentiated 

so easily by staining, are not shown; they are found toward the base of the cells reaching the basement 

membrane (BM), but do not extend beyondit. Younger spores sometimes sbow an unstained area at 

one end and occasionally at both ends.) m, muscular portion of stomach wall showing an outer and an 

inner longitudinal muscular layer and a middle circular one. (Author’s illustration.) 

epithelial cells (fig. 2,C, Hpth) and a basement membrane (B M/), but no 
pronounced intima. The function attributed to these tubules is one 
comparable in a measure to that of the kidneys of the vertebrates. 

CAUSE OF NOSEMA-DISEASE. 

THE EXCITING CAUSE. 

On December 4, 1856, Dénhoff (1857, August) inoculated a colony 
of bees with the oval bodies he had found in the stomachs of: adult 
bees. The inoculation was made by feeding the colony the crushed 
stomachs of the infected bees in a honey suspension diluted with 
water. Upon examining stomachs from adult bees taken from the 
inoculated colony in eight days following the inoculation no spores 
were observed. In 11 days, however, they were found to be teeming 

with the parasites. A second colony was then similarly fed on Decem- 
J 
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ber 16. On the twenty-ninth of the same month all of the bees 
examined from the colony were found to be infected. The results 
of these experiments strongly indicated that the disorder in which 
the oval bodies were found was an infectious one and that the bodies 
were parasites which bore a causal relation to the disease. Other 
studies made by Dénhoff (1857, September) indicated that the 
parasite was quite prevalent in Germany but that there were colonies 
apparently free from infection. 

About 50 years later Zander (1909) inoculated colonies experimen- 
tally by feeding material containing the oval bodies he had encoun- 
tered in his studies. In bees from the colonies inoculated he demon- 
strated that the oval bodies were in the walls of the stomach. This 
fact showed still more conclusively that there was an infectious 
disease of adult bees in which the oval bodies were parasites bearing 
a causal relationship to the disease. 

The oval bodies studied by Zander and those studied by Dénhoff 
in all probability are the same. To Zander, however, is due the 
credit for having determined their true nature. Together with 
Déflein he (1909) classified the germ as a protozoan (a one-celled 
animal parasite) belonging to the group Microsporidia and to the 
genus Nosema. Zander gave the name Nosema apis to the species 

‘he found in the honeybee. 
The parasite Nosema apis grows and multiplies for the most part 

in the epithelium of the stomach (fig. 3; Pls. II and IIT) of the adult 
bee. Occasionally, but rarely, it is found within the epithelial cells 
of the Malpighian tubules (Pls. IL and III). When Nosema apis is 

encountered in making an examination for the parasite it is the spore 
form (fig. 4; Pl. III, G, H) that is most often encountered and most 
readily recognized. Viewed microscopically the spore in unstained 
preparations is seen to be a small, refractile, more or less oval body 
varying somewhat in size but measuring about 2/10,000 of an inch 
in length and about 1/10,000 of an inch in width. Its width seems, 
however, to be slightly greater than one-half its length.1 The spore 
is surrounded by a somewhat resistant coat which tends to maintain 
for it a constant form. It is not, however, a rigid structure, since, 
when studied in fresh preparations, it will be seen to bend to and fro 
as it is carried along by a current under the cover glass. 

The manner in which a bee becomes infected with Nosema apis is 
in general as follows: Spores which have left the body of an infected 
bee with the excrement are ingested by the healthy adult bee. The 
environment within the stomach of the bee is favorable for the 

1 Measurements were made of spores in smears stained with iron hematoxylin and of others in prepara- 

tions made by an India-ink method. In making the latter preparations thin smears of the spore containing 
material were madeand allowed to dry, and over thesesmears a thin film of undiluted India ink was spread, 

The average length of the spores measured in the stained preparations was 4.15 » and the average-breadth 

2.06 uw; the average length in the India ink preparations was 4.46 » and the average breadth 2.44 u. 

t 
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Bul. 780, U. S. Dept. of Agriculture. PLATE II. 

PHOTOGRAPHS OF SECTIONS OF THE STOMACH OF THE HONEYBEE AS SEEN 
THROUGH THE MISCROSCOPE. 

A, entire cross section of stomach (queen) and Malpighian tubules, showing infection of these organs 
with Nosema apis; B, a portion of A more highly magnified; C, a small portion of a longitudinal 
section of a stomach from a healthy bee; D, similar to C, but from a Nosema-infected bee; H, infected 
epithelium highly magnified, the disease as seen in America; J’, similar to E, but from a preparation 
made by Zander in Germany. (Original.) 



Bul. 780, U. S. Dept. of Agriculture. PLATE III. 

FURTHER STUDIES ON NOSEMA APIS AS REVEALED BY THE MICROSCOPE. 

G, Nosema apis as seen in a stained smear preparation; H, a stained smear preparation showing within 
the groups how closely the cells are packed with parasites (note the nucleus of an epithelial cell below 
and to the right of the center); J, smear showing young forms (note the paired appearance); J, por- 
tions of epithelial cells are shed into the lumen of the stomach, carrying with them the contained 
parasites, accounting for the groups in this photograph; A, cross sections of Malpighian tubules 
highly magnified (the epithelial cells of the one to the left are not infected, some of those of the 
one above contain parasites, while all of those of the one to the right are heavily infected); L, tangen- 
tial section of stomach wall showing the three muscular layers, the fiber of all of them being branched 
and striated. The inner and outer layers are made up of longitudinal fibers while the middle one 
consists of circular ones. (Original.) 
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srowth and multiplication of the parasite. The digestive fluids are 
believed to assist in removing the spore coat. The liberated young 
parasite finds its way to the walls of the stomach and invades the 
epithelial cells. Within this epithelial tissue it grows and multiplies 
with great rapidity, giving rise finally to numerous spores. The cells 
of the epithelium at times seem to become virtually filled with the 
parasites (fig. 3; Pls. IJ and III). That portion of an epithelial 
cell that is normally shed into the lumen of the stomach in case of 
infection bears with it many spores. These are liberated gradually 
from the fragments, become mixed with the partially digested food 
of the stomach, and are carried onward first into the small and then 
into the large intestine and finally pass out of the alimentary tract 
with the excrement. Other bees ingesting these spores become 
infected. This in brief is the life 
cycle + through which the parasite 
passes. ae © 

Nosema apis reaches the tissues of Ke E O ext AMG, 

the bee by way of the alimentary 06 & 0 Ol Ong 

tract. In infecting the stomach the OO O229)S 0 y 0 

parasite reaches the basement mem- |O_ oO _O ae Ours 5 

brane but does not penetrate it (Pls. Co 5 ie & Moe 

II and III). The muscular part of \-Cg @_ 0 0 V9 por 0 
the organ is therefore uninvolved Ss ia Abe 
(fig. 3). Likewise when the infec- 
tion is found in the Malpighian 

tubules the oo does HOU proceed Fie. 4.—Spores of Nosema apisas seen in a fresh 
beyond the basement membrane preparation, indicating their general oval form. 

(Pls. Il and III). Furthermore the  (Onsinal.) 
germ does not infect (fig. 1) the pharynx (Phy), the cesophagus (@), 

the honey sac (1S), the proventriculus (Pvent), thesmall intestine, or 

the large intestine (Rect)—organs which possess a pronounced chitin- 
ized intima. Infection with the parasite seems, therefore, to be con- 

fined to the epithelium of the stomach and of the Malpighian tubules. 
So far the writer has not encountered the germ in the blood, muscu- 
lature, or any of the other tissues of the body. 

Nosema apis has not been cultivated in pure cultures by artificial 
methods. The nature of the organism makes the accomplishment of 
such a task at the present time especially difficult. Direct proof ob- 
tained by the inoculation of bees with cultures of the parasite has 
not, therefore, been obtained. Fortunately such direct proof is not 

1 Fantham and Porter (1911 and 1912) encountered a parasite in bees taken from colonies affected with 

Isle of Wight disease which they have identified as Nosema apis. Their studies on the morphology of the 

parasite are interesting, 

The morphology of Nosema apis and of Nosema bombycis are apparently quite similar and studies made 

by Stempell (1909) on the latter parasite may be referred to with profit in studying Nosema apis. 

103789—19—Bull. 780 2 
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always necessary to establish the causal relationship .between the 
germ and the disease. 

Because of the absence of any of the higher animal parasites and 
of fungi in bees suffering from Nosema-disease these groups of para- 
sites naturally can be eliminated as possible causal factors. Malden 
(1912, 1913) studied the bacteriology of Nosema-infected bees. He 
found that the number of bacteria in the diseased bees was much 
greater than in normal ones, the proportion being as 12 to 1. He 
found, however, no evidence of a direct etiological relation existing 
between these bacteria and the disease. Whether they play a 
secondary réle is a question which admits of much discussion but 
one which is somewhat foreign to the present paper. 

Some preliminary experiments were made by the writer in regard 
to the possibility of the presence of a filtrable virus in Nosema- 
disease. The results obtained indicate that no such virus is present. 
By thus eliminating, at least tentatively, the higher animal para- 

sites, the fungi, the bacteria, and the filtrable viruses—groups of 
parasites which cause diseases in animals—there remains another 
group, the protozoa. Of this group there is only one species, Nosema 
apis, that is constantly present in Nosema-disease. Other protozoa 
are occasionally encountered in adult bees, but when found are 
present usually in small numbers only. The conclusion is naturally 
reached, therefore, that Nosema apis is the cause of Nosema-disease. 
Such a conclusion is in harmony with views generally accepted at the 
present time in regard to proof necessary to establish the causal re- 
lation of such a germ to the disease. 

PREDISPOSING CAUSES. 

AGE. 

Experimental inoculations have shown that in general adult bees 
of all ages are susceptible to Nosema infection. In nature it is found 
that the youngest bees are always free from infection and that the 
old shiny bees usually are. The absence of Nosema apis in the younger 
ones may be attributed simply to the fact that they have not yet been 
infected through the taking of food containing the germ. In the case 
of the shiny bees it seems probable that they have escaped infection, 
although it is possible that some of them might have been infected 
at one time and later recovered. 

The brood does not seem to be at all susceptible to infection with 
Nosema apis. In heavily infected colonies the larve and pupe appar- 
ently remain healthy. In these studies larvee were inoculated more 
or less directly by means of a pipette and examinatjons ' were made 
daily following the inoculation. The spores were found mixed with 

1 The examinations were made through fixing and sectioning inoculated larve. 
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the food within the stomach for from 1 to 3 days after the inoculation, 
but there was no evidence that the parasite had increased in numbers 
or that it had invaded the tissues. 

SEX. 

Nosema infection is encountered most frequently in workers, al- 
though drones and queens are susceptible. In nature it is not un- 
usual to find from 10 to 20 per cent of the workers of diseased colonies 
infected. Frequently a much higher percentage is encountered. In 
no instance has the writer found Nosema infection in drones taken 
from colonies in which the disease occurred in nature. In a few in- 
stances only were the queens that were examined from such colonies 
found to be infected. 

As a result of artificial inoculation practically 100 per cent of the 
workers of the experimental colony become infected. If drones are 
present a very large percentage of them also become infected. 

Queens in experimental colonies may or may not be found infected. 
To obtain data relative to queens a number of inoculations were 
made. Table I summarizes the experiments together with the results 
obtained. 

TaBLEe I.—WNosema infection in queens in experimental colonies. 

Period 
F E before | Workers . . 

Date of inoculation. trainee lantocrenl Results of inoculation. 

tion. 

Days. | Per cent. 
Mar. 11, 1913...... UF Ee ate SHANI bd CERI TUS Ae 8 100 | Queen not infected. 
uthygtoetOls bere meee Sa a Ae eae acetate 13 100 Do, 

IDs ee EG oe eGo Ce EES oT Eee Laas ar 16 100 Do. 
VET SRL ON Ee ee nie ee ene ete ne eee Ree Se a 19 100 Do. 
OCU MLO LAER es Fe PST ANA CRI SEER eek 22 40 Do 
Cia O GIG UEP oes a te te Oe oe A eee kee shes othe 23 50 Do 
Oc OTA 5k Meare he ed em AEA 48 100 Do 

IDs. COCR OHB REO H EEO DOE ees SE a SRS ere erate 53 1 Do. 
TINS] 6). hs TU ee ee eee ea Mie Aa lee QBNE wee dane Queen Nosema infected. 
ED iapliLO LT he see NO 5 OE Noe be owe Nee 42 100 Do. 
INO VAECO LOLI meee tte theese LAD Coe AARP ee oe. 48 100 Do. 
OVERS ebL GAS eal Ben Rey are cy on nantes a ee eee a 53 100 Do. 
ASR (Ge TAT BN ah Seo aN a ee 162 100 Do. 

It will be seen from the foregoing table that out of the 13 experi- 
mental colonies 9 of the queens upon examination were found to be 
free from infection while the other 5 were infected. Infection in 
the queen occurs less frequently, apparently, when the inoculations 
are made in the spring and summer than when made in the autumn 
or winter. Queens in colonies inoculated and kept at room tempera- 
ture were found infected in some instances and not in others although 
practically 100 per cent of the workers in all of them became in- 
fected. 
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RACE. 

In experiments recorded in the present paper the bees used have 
been largely hybrids, being for the most part grade Italians. Two 
each of tested Carniolans and Caucasians and a few common blacks 
have been among the colonies used. The bees were found to be sus- 
ceptible to Nosema infection in all instances. It is not unlikely that 
future studies will show a difference among the races as to their 
relative immunity to the disease, but sufficient data are yet wanting 
to justify a definite statement in regard to the point. 

CLIMATE. 

Nosema infection has been reported from Australia (Price and 
Beuhne, 1910), Brazil (Zander, 1911), Canada (White, 1914), Eng- 
land (Fantham and Porter, 1911), Germany (Zander, 1909), and 
Switzerland (Nussbaumer, 1912). Studies have not yet been made in 

Denmark on the disease (Bahr, 1916). The writer (1914) has found 

it in samples of bees received from 27 different States of the United 
States. Gut of 120 samples examined 40 contained the parasite. 
Samples showing infection were received from the coast plains and 
mountains of the Hast, from the plains of the Mississippi Valley, 
from the plateaus and ailsime of the West, and from the South and 
the North. 

The infection was found in bees sebaived from Florida and southern 
California, but in 15 samples received from Texas it was not found. 
The data thus far obtained indicate that less infection occurs in the 
southern portion of the United States than farther north. Whether 
it is found in the Tropics or in the coldest climate in which bees are 
kept is not yet known. 

Laidlow (1911) reports that heavier infection was leaeo eee in 

some parts of Australia than in others. Nussbaumer (1912) reported 
the infection from 14 of the cantons of Switzerland. 

The practical import of these observations in connection with the 
climate, to the beekeepers of the United States at least, is that the 
presence of the disease in a region can not be attributed entirely to 
the climatic conditions present. It is possible, however, that the 
climate of a particular region may affect somewhat the occurrence 
and the course of the disease in that locality. 

SEASON. 

Infection in apiaries has been found to occur at all seasons of the 
year, but is greatest during the spring. In the studies reported in 
the present paper (p. 20) infection was greatest in April and May, 
being greater in these months than in March. Very little of a 
definite character is known of the infection as it occurs in nature 

during the winter. Experimentally it has been found that bees are 
susceptible to infection with Nosema apis at all seasons of the year. 
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FOOD. 

As is pointed out under the heading ‘‘Climate,’’ Nosema-disease 
occurs in a wide range of localities. The food and water obtained in 
these localities naturally differ as to quality and quantity. Infection 
is found in colonies having an abundance of stores and in others 
having a scarcity. The disease is produced readily by experimental 
inoculations in colonies with much and in colonies with little stores. 
From these observations the conclusion seems to be justified that 
the réle played by food in the causation of Nosema-disease is slight, if 
indeed it contributes at all appreciably to it. 

A THREE-YEAR STUDY OF NOSEMA INFECTION IN AN APIARY. 

The presence of Nosema infection among bees in the apiary of the 
Bureau of Entomology was discovered in May, 1910: (White, 1914) 
In April, 1912, a more or less systematic study was begun on the prev- 
alence and persistence of the infection in the apiary and was con- 

- tinued until June, 1915, As the apiary was being used for other 
purposes than these studies, it was not possible to follow all of the 
colonies throughout this entire period. In Table II are summarized 
observations made during the first year of the study. 
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From Table II it will be noted that in April there were 24 colonies 
in the apiary. Out of 240 bees examined from them during the 
month, 72 (30 per cent) were Nosema infected. The number of bees 

out of each sample of 10 was found to vary from 0 to 10. 
During May, out of 410 bees examined 96 (23 per cent) were found 

to be Nosema infected. 
During June, out of 130 bees taken from 13 colonies 19 (15 per 

cent) were found to be Nosema infected. 

During July, out of 130 bees examined 21 (16 per cent) were 
found infected. 

During September, out of 170 bees examined 14 (8 per cent) proved 
to be Nosema infected. 
‘Out of a total of 1,140 bees examined in 1919, from April to Sep- 

tember, inclusive, 236 (20 per cent) Nosema infected bees were found. 
The number of infected bees found in the different colonies varied 
from: 5 to 100) per cent... 

Five of the 24 colonies died. These were dead by the end of May. 
It was found that the number of infected bees present in them varied 
from 50 to 100 per cent. The number of infected bees in the colo-~ 
nies that lived varied from 5 to 33 per cent. 

All of the colonies that died were weak when first examined in the 
spring and dwindled until they disappeared. The colonies that 
lived gained in strength and behaved as healthy ones. 

The colonies that died had sufficient stores. The queen in each 
of them was apparently in good condition and brood was being 
reared. At times, indeed, the brood was in excess of the amount 
that could properly be cared for by the diminishing number of bees 
present. These and other facts which have been observed justify 
the belief that the immediate cause of death in each of the five colo- 
nies that died was the Nosema infection that was present. These 

~ colonies, therefore, may be said to have died of Nosema-disease. 
The snr ba of callentes, 7 in the spring was increased during the bee 

season through swarming and by division. 
In September an experiment was begun in the apiary in which 10 

colonies were inoculated with Nosema apis. ‘The results of these 
inoculations will be referred to later under experiment No. 1 (p. 23). 

Examinations were made in 1913 for the prevalence and persist- 
ence of Nosema infection in the apiary studied in 1912. Naturally ° 
the colonies present were not altogether the same as those of the 
previous year. Some of them had been lost and some represented 
the increase. The results obtained are summarized in Table III. 

1 Fractions are omitted in this paper, as a rule. 

2 As the younger bees and the older ones were avoided in selecting samples for examination, the results 

recorded in this paper show a higher percentage of Nosema-infected bees in the colonies than actually 

existed. 
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TaBLE III.—Results obtained in 1913 from a study of Nosema infection in an apiary. 

Sep- 
Ex- | March. | May.| June. July. Ex. | August. pas October. 
peri- peri- er. Per 

Colony No. |ment. ment. cent. 
No. 1. No. 2. 

12.) 25.) 29. | 3. | 18. | 14. | 16. | 19. } 22. 9. | 25.) 23. | 13.) 18. | 28. 

1 Where the number of bees examined is small, the rate indicating the percentage frequently is not given. 

Explanation for Table III.—The method of recording results is the same asin Table II. Colonies exam- 
ined in 1913 that were examined in 1912 bear the same numbersin Table III asin Table II. Colonies repre- 
senting the increase in the spring are designated by the letters ‘‘a”’ to ‘‘e,’”’ inclusive. Colonies in experi- 
ment No. 1 are indicated by numbers; colonies in experiment No. 2, by capital letters. 

From Table III it will be observed that in March, 1913, out of 270 
bees examined from the 25 colonies then in the apiary 28 (10 per cent) 
were found to be Nosema infected. 

_ During June bees were examined from 21 colonies, and out of 220 
bees 8 (4 per cent) were found to be infected. 

During July 21 colonies were examined and out of 260 bees 23 (9 
per cent) were found to be infected. 

During August bees from 18 colonies were examined and out of 240 
bees 11 (5 per cent) were found tobe infected. 

During September, out of 170 bees from 17 colonies 43 (25 per 
cent) were found to be infected. 

During October bees were examined from 6 colonies only, and out of 
60 bees 1 (2 per cent) was found to be infected. 

Out of a total of 1,270 bees examined during the year 1913, 121 
(10 per cent) were infected, being less than the percentage found in 
1912, which was 20 per cent. The spring infection was very much 
less in 1913 than in 1912. 

103789°—19—Bull. 780-3 
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The percentage of infected bees found during the spring and sum- 
mer remained quite constant, increasing unexpectedly in September. 
The reason for the increase can not be assigned at present. 

Out of the 25 colonies in the apiary in March, 1913, 1 (No. 12) died. 
As this colony contained a high percentage of Nosema-infected bees, 
and as it dwindled until it disappeared, it may be assumed that 
Nosema-disease was the immediate cause of its death. As in the 
preceding year all of the colonies that lived behaved much as do 
uninfected ones. 

In this year another experiment was begun in the apiary. This 
one is described as experiment No. 2 (p. 25). 

Studies similar to these made in 1912 and 1913 were continued 
throughout 1914 and until June, 1915. While in the main the col- 
onies of the apiary were those of the previous years, naturally there 
had been some changes. The results obtained are summarized in 
Table IV. 

TaBLE IV.—Results obtained from May, 1914, to June, 1915, from a study of Nosema 
infection in an apiary. . 

1914 1915 

\ 

Sep- | No- 
Colony No. May. June. July.| tem- | vem- March.| April. | May. 

ber. ber. 

a ——E 

10 | 23 5 2 8 | 25] 7 | 26 

Op | OP Qeniaaes Oe | Oe} OP | OP | Ob 
OP | Oe COC RUN HRs A WR aS Bae a 
COVSSH RACV LE seta fan ol ss el a bien ba Se 
OP | Oe Qed eet neuer PAE | ees Os Bal 
Op | Oe Oe |..-- Oe | Oe} OP | Ip | Ob 
ODS SS alae ee cee aesine ee Sess] eae al Fas el 
OP | Oe Oenaesaleciae oes 
Op | Oe Oe |. 5e | Oe} D 
OD iii 22] ae es [eg | de oe it I 
OD ES) ERE Ce ee an Bee 
(Ue eee ecoore coca meee ah we 
ODS |e Seas see e see Eee eee ads 

YS GSES Pea at TA De yee sen Oe 
OR she celaeese clays. le | Oe lp Qh 
Bg) PR Neo Oe | 5e} D]..-. 
Si El hSseks (ees ose olorises et Oe | OP | Ob Qh 
BS Le PEN Le Oe | Op | Op Qh 

Pes ee Ae P| os at ees ee |e RC Oe | Ip | Op Oh 

Oe; | aera [camo sace Oc | Oe |.... 
Sees | et Be a bee ee...) Oe | Op |222 
Op Wet ases 5 Wi leesere ee Ge | Qe] 1p} Oe 

Toe ecco meee | epee ot Vv |--------| Oe | Oe | Oe | Oe 
Sollee 4) Se es Wi |e -ee ere Oe we fe 
OETA HE ate ee XM eee eee | Oe mee 
Ban Ee eeeeae y |--------| O& | 9¢ | 9P | te 

DA (Eves a Oe} le | 3P}] Oe 

Explanation of Table TV.—The colonies reported in Table IV for 1914 do not bear the same numbers that 
were assigned to them for 1913 in Table III except those designated by numbers in quotation marks. The 
first 9 colonies reported in the table for 1915 bear the same numbers they did in 1914. The identity of col- 
onies numbered by letters “‘s”’ to “‘z,’’ inclusive, had been lost through changes made in the apiary. 
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Table IV shows that out of 1,050 bees examined during May, 
1914, 166 (16 per cent) were Nosema infected. 

In June, out of 700 bees examined 60 (9 per cent) were found 
infected. 

In July, out of 240 bees examined 2 (1 per cent) were infected. 
In September, 220 bees were examined and no Nosema-infected 

one was found. 
In November, 60 bees were examined and none was found 

infected. 
Out of 2,270 bees examined during the summer of 1914, 218 (10 

per cent) were found infected. 
It will be noted that during the early months of the active bee 

season of 1914 there was a higher percentage of Nosema-infected 
bees in the apiary than during a similar period of 1913. 

Two colonies were so weak in May that they were disposed of. 
In one of these at least (No. 13) the weakness was most probably 

due to Nosema infection. 
During the first week in July the apiary was moved to a new loca- 

tion. It is interesting to note that the amount of Nosema infection 
after removal was reduced to practically nothing. This is not defi- 
nitely accounted for by the results obtained by these investigations. ' 

Examinations were made of a portion of the apiary in 1915. In 
March, out of 50 bees taken from 5 colonies, 6 (12 per cent) were 
found to be Nosema infected. 

In April, out of 280 bees taken from 17 colonies 24 (9 per cent) 
were found infected. 

In May, out of 200 bees taken from 10 colonies 16 (8 per cent) 
were infected. 

Out of 530 bees examined from the apiary during the spring of 
1915, 46 (9 per cent) infected ones were found. 
Among, the colonies that were examined during the spring of 

1915 two (Nos. 8 and 18) died by the end of April. Both of these 
contained a rather high percentage of Nosema-infected bees. Two 
others containing an equal or greater number of. infected bees lived 
throughout May and had recovered apparently by June. In case 
of these 4 colonies it can properly be said that the two colonies that 
died died of Nosema disease, whereas the two that lived recovered 
from it. | 

In Table V is given a summary of the results obtained in the study 
of the apiary from April, 1912, to June, 1915. 

1 That the immediate environment of the apiary determines, to some extent, the presence or absence of 
Nosema-disease and its transmission seems quite likely. In searching for the cause for such a difference 

the water supply of the bees, if near by, must not be overlooked (p. 46). In this connection, it may be 
pointed out that in the experimental apiary (Pl. IV) Nosema infection at no time exceeded 1 per cent, 

excepting naturally in inoculated colonies, although the source from which these colonies were obtained 

had been largely the apiary which, it will be seen from Tables II and III, showed Nosema infection in from 

10to 20 percentofthebees. Herethere wasnoslowly moving body of water used by the bees as the source 

of their water supply. 
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TABLE V.—Summary of resulis from a study of Nosema infection in an apiary. 
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From Table V it will be observed that the number of infected 
bees found at different periods of the year varied considerably. 
April and May furnished the highest percentage, being 18 and 17 
per cent respectively. In March, June, July, August, and Sep- 
tember the number of Nosema-infected bees among those examined 
was 11, 8, 7, 5, and 10 per cent respectively. Out of 5,150 bees 
taken from the apiary from April, 1912, to June, 1915, and exam- 
ined, 631 (12 per cent) were Nosema infected. 

Laidlow (1911) reports that out of somewhat more than 1,500 

bees received from various parts of Australia, 17 per cent were 
found to be Nosema infected. 

From an examination of the foregoing tables it is seen that Nosema 
infection was found to be present in practically every colony of the 
apiary. Had further examinations been made of the few colonies 
in which Nosema apis was not found, one could well expect, from 
what is known of the disease, that these, too, would have revealed 
the presence of the infection. It is seen also that the infection 

persisted throughout all seasons of the year, and that it was heaviest 

1 While this three-year study was being made the apiary served for other work. It is likely that the 

attending manipulations were accompanied from time to time by a certain amount ofrobbing. From the 

nature of the disease, however, it is not belioved that this fact affected materially the results obtained. 

! 
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EXPERIMENTAL APIARY IN WHICH THE NOSEMA-DISEASE EXPERIMENTS MADE DURING THE SUMMER OF 1915 WERE CONDUCTED. (AUTHOR’S 

ILLUSTRATION.) 
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in the spring. Some colonies died as a result of the disease, while 
a greater number recovered from the infection, increased in strength, 
and. behaved in all respects as healthy colonies. 

The total of all the spring counts, during the period from 1912 
to 1915, inclusive, of the apiary under study, was 94 colonies. Out 
of this number at least 12 (13 per cent) died more or less directly 
as the result of Nosema disease. An equal or greater loss to the 
apiary than this colony loss probably is the aggregate loss in strength 
sustained by colonies weakened by the infection but which recover 
from the disease. 

Naturally it is particularly unfortunate from an economic point of 
view that the highest percentage of infected bees, and consequently 
the heaviest loss in strength sustained by colonies from Nosema 
infection, occurs in the spring. 

Beuhne (1916) has reported investigations made on colonies from 
his own apiary which are similar in nature to the foregoing studies. 
The results he obtained indicate that Nosema infection in Australia 
is similar to the infection as it occurs in America. 

SYMPTOMS OF NOSEMA-DISEASE. 

Nosema-disease presents only a few symptoms. In describing 
them the colony rather than individual bees should be considered as 
the unit, since it is the colony as a whole that is of primary interest 
to beekeepers. 

Weakness is a colony symptom which invariably will be manifest if a 
sufficiently large percentage of the bees of the colony are Nosema in- 
fected and if the infection persists for a sufficient period. When only a 
small percentage of the bees are infected the weakness resulting may 
never be apparent. ‘The loss in strength may be gradual or sudden. 

The behavior of a Nosema-infected colony is similar to that of a 
healthy one. The stores are sufficient. The queen does her work 
well. As the colony dwindles the queen usually is among the last 
handful of bees. The brood in general is normal in appearance, but 
in colonies weakened by the disease not infrequently it is seemingly 
in excess of the amount that can be properly cared for by the adult 
bees present. 

In Nosema-disease the workers especially suffer from the infection. 
An infected bee manifests no outward symptoms of the disease when 
Seen among the other bees of the colony and it performs functions 
similar to those performed by healthy ones. 
When the stomach of an infected bee is removed it may show 

‘marked changes which are characteristic of Nosema-disease. The 
organ pales as a result of infection. The brownish yellow or dark 
reddish hue of the normal stomach is gradually lost as the disease 
advances. The organ (Pl. I) is often increased in size, the circular 
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constrictions are less marked, and the transparency is diminished. 
In late stages of the disease, however, the stomach approaches the 
normal in size and the constrictions are again well marked. The 
organ is then white and opaque and the tissues are friable and easily 
crushed. When crushed the mass presents a milky appearance. 
Upon microscopic examination Nosema apis is found in very large 

numbers in the crushed tissues. The presence of the parasite is 
almost invariably recognized by its spore form. The presence of 
Nosema-infected bees in a colony is the one constant colony symptom 
of the disease. 

METHODS EMPLOYED IN EXPERIMENTAL STUDIES. 

As Nosema apis has not been grown in the laboratory by artificial 
methods, in carrying out these investigations it has been necessary 

to inoculate a large number of 
colonies of bees. The use of a 
few bees in cages was found to 
be inadequate for experimental 
purposes. A 4 to 6 frame nu-- 
cleus in a 10-frame hive body 
(fig. 5) serves well the purposes 
of an experimental colony. 
The experimental apiary (Pl. 

_ IV), consisting usually of about 

50 colonies, was the same one 
that was used in the sacbrood 
studies. During the bee sea- 
son the colonies were imocu- 
lated and kept in the apiary 
in the open under conditions 

Fic. 5,—Experimental hive, having four Hoffman 

frames, a division board, Petri dishes as feeders, the similar to those ON ES nu 

entrance nearly closed with wire cloth, and the open- nature. Precautions similar 
ing on the side of the hive body occupied bythe to those observed in the sac- 
frames. (Original.) j : 

brood studies were followed in 
the present studies. During the winter colonies to be inoculated 
were removed to and kept in the laboratory. The top of the hive 
body was screened and the bees given free opportunity for flight 
through a hole in the window. 

The manner of obtaining the parasite Nosema apis from diseased 
bees for use in the inoculations is described under ‘‘ Diagnosis’ 
(p. 48). The stomachs of from 5 to 10 infected bees are amply suffi- 
cient for each inoculation. After their removal from the bees they 
are crushed, suspended in sirup, and fed to a colony free or practically 
free from Nosema infection. The methods throughout are similar 



NOSEMA-DISEASE. 28 

in general to those employed and described in the sacbrood studies. 
It should be stated in addition that no watering place for the bees 
was provided at the time of these experiments and none with sluggish 
water was near by. 

The results of an experiment usually can be determined during the 
second week following the inoculation. The diagnosis is made as 
described later in the present paper (p. 48). Usually one examina- 
tion of 10 bees is sufficient for the determination of results. It is 
advisable sometimes, however, to make others. 

As a rule experimental colonies inoculated during the summer 
recover from the infection and can be used again. The period which — 
must elapse, however, before they can be used for a second experiment 
varies. An examination of the field bees should show ne infection 
among them or only an occasional infected bee before another inocu- 
lation is made. A colony used in the laboratory is good for one 
inoculation only if by it Nosema-disease is produced. Should the 
results be negative following an inoculation, however, the colony may 
be used in a subsequent experiment. 

It is not necessary to disinfect a hive which has housed a Nosema- 
infected colony. The experimental colony may or may not have a 
queen. If one is present no concern need be felt in regard to whether 
or not she is infected. No fear need be entertained that drones from 
infected colonies in the apiary will transmit the infection to the 
experimental colony. 

EFFECT OF NOSEMA INFECTION ON THE COLONY AND ON THE APIARY. 

To determine the effect which Nosema infection in a colony pro-, 

duces on the colony, and on the apiary of which the colony is a part, 
is a problem in the study of Nosema disease which is of vital interest 
to the beekeeper. Some observations have been made bearing 
directly upon this point. 

EXPERIMENT NO. 1. 

On September 13, 14, 15, and 18 ten colonies were fed a sirup 
suspension of the crushed intestines of Nosema-infected bees. These 
colonies (Table II, Nos. 6a, 12, 25, 35, 41, 55, 65, 66, 67, and 70) were 
in the apiary mentioned on page 13. Those selected for inoculation 
were not especially strong, the bees being easily accommodated on 
six or seven brood frames and being about an average for the apiary. 
Examinations show that about 10 per cent of the pollen-carrying 
bees of these colonies were Nosema infected at the time of the 
inoculation. The 32 uninoculated colonies in the apiary served as 
checks. 

Tt will be seen from Table II that after inoculation 50 to 100 per 
cent of the pollen-carrying bees in the inoculated colonies were 
Nosema infected. Out of the 100 bees examined from these colonies 
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during the period from October 5 to October 16, inclusive, 132 

(70 per cent) were found infected. These colonies when examined 
on October 28 showed that, out of 100 bees examined, 78 (78 per 
cent) were infected. It will be noted, therefore, that following the 
feeding inoculations there was a marked increase in the percentage 
of Nosema-infected bees in each of the 10 colonies inoculated. 

In the experiment sufficient precautions were not taken to prevent 
robbing at the time the inoculations were made. ‘This resulted in an 
increase also of Nosema-infected bees in some of the uninoculated 

colonies (Table IL) of the apiary—the checks. ‘The increase in the 
number of infected bees disappeared more readily from the check 
colonies, however, than from the inoculated ones, suggesting that 
probablyea comparatively small amount of the contaminated sirup 
was obtained by the robbing bees. 

On December 17, out of 100 bees taken om the 10 inoculated 
colonies 49 (49 per cent) were found to be Nosema infected, showing 

that the percentage of infected bees had decreased. 
From comparison of the moculated colonies in October and in 

December, it was observed that their strength had decreased and that. 
they were relatively weaker than the checks. Toward the last of 
December one of the 10 inoculated colonies died. During the last 
week of the year the remaining 9 were packed for the winter as were 
also the check colonies. Some of the weaker check colonies were 
united, giving them a slight advantage in strength over the inoculated 
ones. 

The winter 1912-13 being a favorable one for bees, the winter 
losses were low. In March, 1913, when the first examination of the 
apiary was made, 4 of the 10 colonies that had been inoculated had 
died out. Four of the six inoculated colonies that were still alive 
showed 4, 6, 2, and 2 Nosema-infected bees respectively in samples 
of 10 bees examined. Neither of the other two inoculated ones 
showed at the time the presence of Nosema infection. All of the 19 
uninoculated colonies packed in December were alive in March, 1913. 
Out of 190 bees caught from the entrance of these check colonies 
during March only 6 (3 per cent) were Nosema infected. 
By the middle of May another of the inoculated colonies (No. 12) 

had died, making 5in all. Of the 10 colonies that had been inoculated 
in September, 1912, the 5 that lived through the winter and the 
following spring continued to gain in strength during the summer of 
1913 and by autumn were apparently as strong and healthy as any in 
the apiary. 
By experiment No. 1 it is shown that when colonies are inoculated 

with Nosema apis a high percentage of adult bees of each colony 
becomes Nosema infected—results which confirm similar ones 
previously obtained by Dénhoff (1857), Zander (1909), and others. 
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Such results, together with facts which are recorded on the foregoing 
pages, are sufficient to demonstrate that Nosema-disease is an infec- 
tious disease of adult bees. 

It is shown also by the results of this experiment that there is a 
tendency for the infected colonies to become weakened. It is further 
shown that when inoculated in September colonies do not die out 
readily as a result of the imoculation. Furthermore the results 
indicate that the infection is not readily transmitted from the infected 
to the healthy colonies of the apiary. It is further shown that 
colonies inoculated in September may die as a result of the infection 
during the winter that follows, or they may survive the winter, gain 
in strength during the brood-rearing season, and by the following 
autumn present the appearance of healthy colonies. 

EXPERIMENT NO. 2. 

Beekeepers are always desirous of knowing whether combs from 
diseased colonies can be used in healthy ones without causing a 
spread of the infection. To obtain data relative to this poimt experi- 
ment No. 2 was begun in July, 1913 (Table III). In the experiment, 
brood combs from diseased colonies were inserted into colonies 
comparatively free from Nosema infection and kept under observa- 
tion for more than a year afterwards. 

Combs from the 5 colonies of experiment No. 2, which died 
during the winter and spring following their inoculation with Nosema 
apis in September, 1912, were inserted into the 6 colonies (Nos. 36, 
50, 61, 66, 68, and 82, numbered by capital letters ‘‘A” to ‘‘F,”’ 
respectively) used in the present experiment, each colony receiving 
from two tofour combs. The colonies from which the inserted frames 
were obtained had been dead for from seven weeks to five months 
before they were given to the colonies. None of the 6 colonies were 
strong, the bees being easily accommodated on from four to six 
brood frames, a strength representing about an average for the apiary. 

Out of 110 bees examined from the 6 colonies of the experiment 
prior to the insertion of the combs 10 (9 per cent) were found to be 
infected; and out of 170 bees examined after they were inserted 26 
(15 per cent) were found to be infected. This increase in Nosema- 

infected bees can not be attributed to the introduction of the combs, 
since a similar increase is noted in the other colonies of the apiary 
serving as checks. 

All of the colonies of the experiment lived through the winter and 
spring except one (No. 61). This colony was dead when examined 
in May, 1914. Dead bees taken from the bottom board of the hive 
showed a high percentage of Nosema-infected bees. The 5 colonies 
that survived gained in strength, behaved as healthy colonies, and 
contained a percentage of Nosema-infected bees approximating that 

113789°—19—Bull. 780-4 
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of the other colonies of the apiary (Table IV, colonies numbered 36, 
50, 66, 68, and 82). 

The results obtained indicate, therefore, that by inserting combs 
from Nosema-infected colonies, as was done in experiment No. 2, the 
infection is not transmitted appreciably. An explanation for this is 
easily seen from results recorded throughout the present paper. 
Further experiments on the point are summarized in Table XXYVI. 

EXPERIMENT NO. 3. 

In this experiment 7 colonies free from Nosema infection were 
inoculated by feeding them sirup to which Nosema apis had been 
added. The bees from which the parasites were obtained for this 
experiment were from various sources (p. 12). They had been dead 
and drying in the laboratory at room temperature for at least three 
months. All of the 7 colonies received the first inoculation feeding 
on October 8. On each succeeding day for four days the feeding 
was repeated. Each of the inoculated colonies of the experiment 
was examined from time to time, but no Nosema-infected bees were 
found. The final examination in connection with this experiment - 
was made on October 28. Out of 70 bees examined from the 7 
colonies only one Nosema-infected bee was found. The infection in 
this instance probably did not result from the inoculations. 

In this experiment it is shown that Nosema apis drying in the 
abdomen of bees at room temperature for three months does not 
produce infection when fed to healthy bees. This result suggested 
the interesting fact that the parasite of the bee resisted drying for a 
comparatively short time only (see other experiments, p. 40). 

EXPERIMENT NO. 4. 

In experiment No. 4, four of the colonies used in experiment No.3 
were inoculated on October 29, 1912, with Nosema apis taken from 
infected bees recently killed. Nine days after the inoculation sam- 
ples of bees were examined from each of the four colonies inoculated. 
Nosema infection was found in nearly all of the bees examined. 
Two weeks after inoculation 50 bees were examined from each of 
the 4 colonies. All of the 200 bees were found to be infected. At 
the end of three weeks a similar condition prevailed. On Decem- 
ber 16, 48 days after inoculation, all of the 4 inoculated colonies 
were alive. A large number of bees were now found on the bottom 
board of the hive. By this time the colonies had become very much 
weakened. The bees were uneasy, the cluster being easily disturbed. 
During the following week 1 of the colonies died out completely. 
The remaining 3 were chloroformed. -Another colony inoculated in 
November gave like results, and died in January, 1913. 

Each of the 5 colonies of the experiment were four-framed nuclei. 
As the inoculations were made late in the autumn there were no 



NOSEMA-DISEASE. Oh 

young bees emerging. All of the bees of the colonies were exposed, 
therefore, to infection by the inoculation. 

It is seen from this experiment that during the autumn workers 
infected with Nosema apis live, as a rule, for more than one month, 
but that most of them die during the second month after infection. 
These results led to the conclusion that heavy infection in a colony 
when no brood is being reared will destroy the colony, but that it 
may live for two or three months following the infection. 

Although 100 per cent of the workers in each of the 5 colonies 
were infected, the queens from 3 of them were free from infection at 
the death of their respective colonies. The other 2 were found to 
be infected. 

NOSEMA INFECTION WEAKENS THE COLONY. 

There is good evidence at hand indicating that Nosema infection 
weakens the colony. The fact that the epithelial layer of the stomach 
is filled with parasites (fig. 3; Pls. I and II) at once suggests that the 
functions of the organ, digestion and absorption at least, would be 
decidedly impaired thereby. Likewise, when the Malpighian tubules 
are invaded (Pls. II and III), it is to be expected that the bee suffers 

impaired functions. The abnormal condition argues strongly that 
such a bee is less efficient as a member of a colony than an uninfected 
one. Further evidence that infection weakens a colony is seen in 
the fact that in nature the heaviest infection is encountered in the 
weaker colonies. Still further evidence is seen in the results obtained 
in experiments Nos. 1, 3, and 4, just recited, and from inoculations 
made in 1913, 1914, 1915, and 1916, now to be referred to. 

On June 4, 1913, a colony was inoculated by feeding it Nosema 
apis in a sirup suspension. On the 13th it was found to be heavily 
infected. At this time the inoculation was repeated. When exam- 
ined on July 12 the colony had not increased in strength as the unin- 
oculated ones had done. On this date it was reinoculated. By the 
middle of August it had not gained in strength. No reason could 
be assigned for the failure of the colony to become strong other than 
the presence in it of Nosema infection resulting from the inoculation. 
On June 9, 1914, a colony was inoculated with Nosema apis. On 

the 22d it was found to be heavily infected. On July 8 it was 
reinoculated, at which time it was weaker than the check colonies. 
On August 6 the colony was still relatively weak and was reinocu- 
lated. On the 17th it was still weak. The failure on the part of 
the colony to become stronger is attributed to the Nosema infection. 
On August 6, 1914, a colony was inoculated with Nosema apis. 

It became heavily infected and on September 9 it seemed to be 
weakened as a result of the infection. It was reinoculated on this 
date. On December 1 it was found to be heavily infected and on 
January 15, 1915, it was dead. 
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On March 30, 1915, a colony haa mPBe Ra Sk resulting in heavy 
infection with Nosema apis. On June\17 the inoculation was repeated. 
Later a swarm was cast. Inoculations were repeated on July 3, 9, 
17, 24, 31, and August 13. The colony became much weakened and 
later in the autumn died. 

Beginning on March 22, 1916, a colony was inoculated at irregular 
intervals thereafter until September. Much brood was being reared 
in it throughout the season, but its strength in September was about 
equal to its strength in March. 

The evidence obtained, it will be observed, is sufficient to justify 
the conclusion that the Nosema infection in a colony tends to weaken 
it. The weakness resulting does not occur immediately following the 
infection, however. During the active brood-rearing season the 
young bees reared may exceed the loss from disease and the colony 
will then actually gain in strength. On comparison of colonies that 
are infected with those that are not, however, it will be seen that the 
infected ones are the weaker. An experimental colony receiving 
repeated indculations increases in strength, as a rule, during the first 
two weeks following the initial feeding through the emergence of~ 
young bees, but comparatively little, if any, after the first month. 

The question arises as to whether the weakness is the result of 
infection in workers, drones, or the queen, or in a combination of 
these different members of the colony. Brood apparently does not 
become affected with Nosema apis (p. 10). The weakness in a colony 

can not be attributed, therefore, to infection of the brood. Infection 
among drones is rare (p. 11). Loss in strength, therefore, could not 

be expected to result from infection in the drones. The queen in an 
infected colony is more often free from the infection than not (p. 11). 
Weakness from Nosema infection can result, therefore,when the queen 
is free from infection. By elimination in this way the conclusion is 
reached that the weakness produced by Nosema infection in a colony 
is due primarily to infection among the adult workers. 

Other observations made point to the same conclusion. Workers 
taken from colonies in which Nosema infection had reached a rather 
advanced stage were confined in the McIndoo wire-screen cages * and 
kept at room temperature. Healthy ones were similarly caged and 
kept under observation. The relative length of time that the infected | 
and uninfected bees lived under these conditions was noted. 

On December 8, 1914, in each of four cages were placed from 15 
to 30 bees taken from colonies heavily infected with Nosema apis. 
By the end of one week, out of 79 bees confined 62 (78 per cent) had 

died. On thesame date bees from another infected colony were simi- 
larly confined. At the end of a week out of 119 bees confined 108 
(91 per cent) had died. On December 15, 1914, the experiments were 

1 Small triangular cages devised by McIndoo (1917, p. 4) in his studies on the honeybee. 
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repeated. Out of 138 bees in one set of four cages 125 (91 per cent) 

were dead at the end of one week. In the other set of four cages out 
of 136 bees confined 98 (72 per cent) were dead at the end of a week. 

On December 8 a check experiment was begun. In each of two 
cages bees taken from healthy colonies were confined and kept at 
room temperature. At the end of one week out of 59 bees confined 
5 (8 per cent) had died. 

Out of a total of 472 diseased bees confined 393 (83 per cent) were 

dead at the end of one week, while out of a total of 59 healthy bees 
kept under similar conditions only 5 (8 per cent) were dead at the 
end of aweek. Although such experiments are subject to great 
variation and should be repeated many times for definite results, yet 
the difference between 83 per cent of loss in the case of infected bees 
and 8 per cent of loss in the case of healthy ones is sufficiently great 
to justify the conclusion that the heavily infected bees under the con- 
ditions of the experiment possessed less endurance than the healthy 
ones. These results indicate that weakness in a colony may result 
directly from infection among the workers. 

Throughout the investigations which have been made on the dis- 
ease, therefore, evidence has been obtained indicating that weakness 
results not from the infection of the queen, drones, or brood, but of 
the workers. 

RESISTANCE OF NOSEMA APIS TO HEATING. 

NOSEMA APIS SUSPENDED IN WATER. 

Preliminary results indicating the minimum amount of heating 
that is necessary to destroy Nosema apis were given in an earlier 
paper (White, 1914). Other experiments have been performed. In 
conducting the experiments a suspension was made in water of the 
crushed stomachs and intestines of Nosema-infected bees. This 
suspension was distributed in test tubes in such a dilution that. the 
amount in each tube contained the infective material of from 5 to 10 
bees. The tubes were stoppered and heated at different degrees of 
temperature by immersing them in water. Colonies free from infec- 
tion were inoculated with the heated material and the results noted. 

Table VI summarizes some of the experiments made with the 
results obtained. 
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TaBLE VI.—Experiments to determine the heat required to destroy Nosema apis suspended 
in water.) 

Temperature Period of 
Date of inoculation. employed. heating. Results of inoculations. 

°C. °F. Minutes. 
Janei31 1903: beset fee ECE eee a2 50 122 20 | Nosema infection produced. 
AT SO Tae ae akrs cites Bee cece e 55 131 10 Do. 
OCtrA OTS Dae oe Ne aes 56 133 10 Do. 
OCEN IS IOS Mem ee i ere era 56 133 10 Do. 
May 21, 1915S We ee so eo PR 58 136 10 Do. 
Gy opis SE es Na rae eee A CaN 57 135 10 | No infection produced. 
MepiS dosti dia iN bel Ge Typ 58 136 10 Do. 
OC EA IO TS reece na ene a emmne cone rene 58 136 10 Do. 
PATI QRS MeL DL EG ey 59 138 10 Do. 
INNO e401 YN 1 ae Se Nn We SR - 60 140 10 Do. 
INO W120; 1912 2 Sey PEE ie coat ces ah eae 60 140 10 Do. 
Maiya2le TOT Sie ann Me elise te heyyy den 60 140 10 Do. 
AB, 2S, SUG it We VV hk We ST Atl CES NE 61 142 10 Do. 
NOVA QUOT SMG Ree OT yy ane Sense armen 65 149 10 Do. 
Jans, TIS wa Neer a hee Ss OE ee 65 149 10 Do. 
OC TROOM IOI RCO Ta EIST aie 80 176 20 Do. 
Novl2 191 Dtivi ert hiya Don oa ee ee Se aES 100 212 5 Do. 

1 In omitting fractions of degrees the nearest whole number is given. 

From Table VI it will be observed that Nosema apis in a water sus- 
pension was destroyed in 10 minutes at a temperature somewhere 
between 135° F. (57° C.) and 138° F. (59° C.). 

NOSEMA APIS SUSPENDED IN HONEY. 

From preliminary experiments it was learned that the amount of 
heating that is required to destroy Nosema apis suspended in glycerin 
is approximately equal to that required to destroy it when suspended 
in water. It was anticipated, therefore, that the minimum amount 
of heating that would destroy the germ suspended in honey would 
approximate that required to destroy it when suspended in water. 

Wxperiments were made to determine the approximate thermal 
death point of Nosema apis when it is suspended in honey. In 
making the experiments the technique used was similar in the main 
to that of the preceding group of experiments wherein suspensions in 
water were heated. In Table VII are summarized the experiments 
performed, together with the results obtained. 

TaBLeE VII.—Experiments to determine the heat required to destroy Nosema apis suspended 
am honey. 

Date of inoculation. eee Eoeue, f Results of inoculations. 

LG °F. Minutes. 
TANI P28 OLD ee ate nem Ara er ark seep a 58 136 10 | Nosema infection produced. 
DRO (EN Sen AS ee aes Ren 59 138 10 Do. 
MING GEA OU ae ee ee ae is Pe aoe mee 59 138 10 | Noinfection produced. 
J 67 OE GS OH a 60 140 10 Do. 
TUNERS LOT oem eee ee ere ei ane ee mye 61 142 10 Do. 
INTIS S28 MOND ae et ae wa eee ee Geto eee 61 142 10 Do. 
JALTIO OSLO 15 ae ee AEN ON ON nc SE eee 62 144 10 Do. 
TATA SS 1 GU Sep eH RT ee 63 145 10 Do. 
May 5, 1915...2. 2-21... EA Stee ees ae heer 65 149 10 Do. 
Ma yc 20 UOT eo eh TB ee ee Be 70 158 10 Do. 
Mery DAG TO see ES ME ALD SDs ae 80 | 176 10 Do. 
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Table VII shows that Nosema apis in a honey suspension was 
destroyed by heating for 10 minutes at a temperature between 136° F. 
(58° C.) and 140° F. (60° C.), the death point being about 138° F. 

Gece): 
RESISTANCE OF NOSEMA APIS TO DRYING, 

In experiments relative to the effect of drying on Nosema apis, 
stomachs from Nosema-infected bees were crushed, and the crushed 
tissues were smeared on slides to the extent of a thin layer. The 
slides were placed in incubator, room, outdoor, and refrigerator tem- 
peratures, respectively. At different intervals after the preparation 
of the smears an aqueous suspension was made, germs from two slides 
representing the material from 5 to 20 bees being used. This was 
added to sirup and fed to a healthy colony. Whether or not the 
parasite had been destroyed was determined by the presence or 
absence of Nosema-infection in the colony following the inoculation 
with the sirup. 

NOSEMA APIS DRYING AT INCUBATOR TEMPERATURE. 

In Table VIIL are summarized the experiments, together with the 
results obtained, in which the Nosema material was allowed to dry at 
incubator temperature. 

TaBLE VIII.—Resistance of Nosema apis to drying at incubator temperature. 

Date of inoculation. Period of drying. Results of inoculation. 

Months. | Days. 
MlygsO LOL aoe se Meee coc culte sch case metisescecescme 0 10 | Nosema infection produced. 
Ay pla lO ease ee a) RY PS oe 0 13 Do. 
OCERS LOU OR SE ASO SSS PART oe 0 14 Do. 
ACU NL OTE eR Sy RU a Sea 0 18 Do. 
TRA ZORLOI Gace io ccni te aes a ntseians aceite wnre ctoiole aici eae 0 15 | Noinfection produced. 
SOD epg ae ee ue soe Neca nee e os ce cneenseee 0 21 Do. 
INOW 2 SAGTIA ES RGM ee ae, ON tk So eA ae 0 30 Do. 
SOU ee ae eee eS UST Sats ay Solas 0 40 Do. 
OcEMIG ROMAN Ey A Bee) iy Nis. 3 eee ace 0 56 Do. 
LIED Ni Gh TUR aa Ss ete eee a RR aE 2) 15 Do. 
May 245 1915 os tak cocmse saat ot caagas -asscmeiee ees 6 7 27 Do. 
Tvs OMG 15 Re eens Fen suaiioe ocho tamerer uci: cuss 9 19 Do. 

From Table VIII it will be seen that Nosema apis drying at incu- 
bator temperature was destroyed in from 15 to 21 days, that is, 
during the third week. 

NOSEMA APIS DRYING AT ROOM TEMPERATURE. 

In Table IX are summarized experiments in which the drying of 

Nosema apis took place at room temperature. 
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Taste [X.—Resistance of Nosema apis to drying at room temperature. 

Date of inoculation. Fen et Results of inoculation. 

Days. 
July: 26,1916... 55.0255 0A8 FE. SE ee 18 | Nosema infection produced. 
DOP bay l 1G 14 ee ees cieinie cele siswinisjseisinee seenie ceases aoe ecmeiowiesaeeie 21 Do. 
INES TB I TENSE oh eA UI Ra yu pat as Mee Rane Came Bae | 35 Do. 
Oct 2s TOV NGL, LEO SRE Ty Ps a Ves ee ea pe 42 Do. 
FSTEp a SLs TE UE I EN a AC SN nf 43 Do. 
AUIEI26, OIG ILE. LER NE SM CAE iss teed seeeh. rset 50 Do. , 
CES G LOA ee ee as te a an Ge Gee coe era ean Sica ct ae 56 Do. 
Mays 24S OG oi. SEE eS ee ghd eee ee Seen ees Ba 60 | No infection produced. . 
Dept Oa ee Seek ecm sels einen eecises Sere seco cee eeeste ees cee 61 Do. 
Ine! 27 GIGS eee Tee. Tapeh. ee eee Cee ae: 95 Do. 

From results recorded in Table IX it will be observed that Nosema 
apis drying at room temperature remained virulent for from 56 to 
60 days, that is, about 2 months. 

NOSEMA APIS DRYING AT OUTDOOR TEMPERATURE. 

Table X summarizes experiments in which Nosema apis was allowed 
to dry at outdoor temperature. 

TABLE X.—Resistance of Nosema apis to drying at outdoor temperature. 

Date of inoculation. f Period of drying. Results of inoculation. 

Months. | Days. 
Sept sls G14 ees Ves OEE ee eects 0 21 | Nosema infection produced. 
(Dye OO TOT Ro ST en Ee RT I 0 42 Do. 
Aga TEMOVE NAS 6 SON See SOE OS eee 0 46 Do. 
OCTHIG RIO ae oe a ene ce bine seemenele sae acne 0 56 Do. 
JUUMOSTAIGI 6 os a ses ae ee Oe ee oka 0 60 Do. 
Septae lose secs eee Sete eae meee eee Weak te I 0 60 | No infection produced. 
Jilly ego ee ee ea ee ee ee 0 75 Do. 
WUTC 7g UG ees oS a Soe tec eae cs 9 80 Do. 
ATID AOU Geis = Re es Oe AS vias ae 0 85 Do. 
Duly A719 seo ee ee ee Se eR Es Se RR yh 0 100 Do. 
Mary 250A G15 aes COT a OS sh ESE ass 9 0 Do. 
DU yA 7A IOLA Ss Oa a ie Se TUR eee US ecoe 10 10 Do. 
Duly A OTS ee ass es Se eae ee Le. soe ee 11 0 Do. 

The results recorded in Table X show that Nosema apis ceased to 
be virulent after 2 months of drying at outdoor temperature. 

NOSEMA APIS DRYING AT REFRIGERATOR TEMPERATURE. 

Table XI summarizes experiments in which Nosema apis was 
allowed to remain dry in the refrigerator. 

TABLE XI.—Restistance of Nosema apis to drying at refrigerator temperature.} 

- Period of a lati 
Date of inoculation. drying. Results of inoculation. 

Months. 
ID Yee 7s TI) Gyo Sawa A OS ne ab aco eseuOdos KABEe SSS SHBS aS aSSobecagosaNS 3 | Nosema infection produced. 
JAMO y pL GIG wc hom signe seca n dee tele woe cee eke BOM eee eee 4 Do. 
Mary osh UG mein cl tee eee cmarn onsen wenn netae Ser sels esac 6 Do. 
TAME 2 MOT Ges coke aes OU SU Bee ee sate accents 7 Do. 
VADER ZZ LOI Ge some et oe es Ye oe ae see oe cee ee nee 74 | No infection produced. 
May 3, 1916.......- ee aS oer a eee Ara) ara SNe eR Or 4 8 Do. 
Julys35)19162- 5. ~~~ wees = Sean ee ee aeiowine omens celeste cis Seer 10 Do. 

1A few times during. the experiments in which the refrigerator temperature was used, the ice became 
exhausted, allowing the temperature to approach and possibly to reach that oftheroom. This higher 
temperature, when present, however, at no time prevailed for more than a day. 
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It is learned from the results recorded in Table XI that Nosema 
apis drying at refrigerator temperature remained virulent for seven 
months but that no disease was produced following inoculation with 
the material after seven and one-half months drying. 
From the results obtained in the experiments relative to the resist- 

ance of Nosema apis to drying, given in Tables VIII-XI, it will be 
observed that the period the parasite remained alive, or at least 
virulent, varied, depending upon the environment of the germ. The 
shortest period for the destruction of spores was obtained under 
incubator conditions, while the longest period occurred under refrig- 
erator conditions. The death probably was not due to the drying 
alone but to a combination of factors of which drying was an impor- 
tant one. 

RESISTANCE OF NOSEMA APIS TO FERMENTATION. 

Experiments have been made to obtain data relative to the resist- 
ance of Nosema apis to fermentative processes. In conducting the 
experiments suspensions of the crushed stomachs from Nosema- 
infected bees were made in a 10 per cent sugar (saccharose) solution 

and in a 20 per cent honey solution. These solutions were distributed 
in test tubes. Each tube contained infectious material equal to that 
present in the stomachs of from 5 to 10 infected bees. To each sus- 
pension was added a bit of soil to inoculate it further. Suspensions 
were allowed to ferment at incubator, room, outdoor, and refrigerator 
temperatures, respectively. At intervals reckoned in days the fer- 
menting suspension from a single tube was transferred to about one- 
half pint of sugar sirup and fed to a colony free from the infection. 
The results were then noted. 

FERMENTATION AT INCUBATOR TEMPERATURE. 

In Table XII are summarized some of the results that were obtained 
when a suspension of Nosema apis in a 20 per cent aqueous solution 
of honey was allowed to ferment at incubator temperature. 

TaBLE XII.—Restistance of Nosema apis to fermentation in a honey solution. 

Period of 
Date of inoculation. fermen- Results of inoculation. 

tation. 

Days. 
ilkyaoo el Ol G esac tonics =e ee ae ate a toca nce se clsieesiaseee sos ae 1 | Nosema infection produced. 
Wet p OO etl Ol Geers ace ate he ciate aoa. a aint aici eloereeety Miers arefare 2 Do. 
VAD AOL Oe eh oe anos cnee ces dscaccscosecaseseascoes 3 | Noinfection produced. 
Milyp2o gOS ns oan sek wane Sas econ eu cates cae cee eee se seisis 4 Do. 
yet 21 O15 ace ee ee EM Seo b sal Se coeeeetesbesete ceases 5 Do. 
TiRLy TI Tee ee SER UF, ea aan RRR eT oe Ene a 8 Do. 
MULVMES1GIG ccs w ccc e ee cece suiccisae ceasectaleceabocsesseeeceees 10 Do. 
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From experiments recorded in Table XII it was shown that Nosema 
apis was destroyed by fermentation in 20 per cent honey solution at 
incubator temperature in three days. 

FERMENTATION AT ROOM TEMPERATURE. 

In Table XIII are summarized experiments in which colonies were 
inoculated with a suspension of Nosema apis in a 10 per cent sugar 
(saccharose) solution, which had been allowed to ferment, at room 
temperature. | 

TaBLe XIIJ.—Resistance of Nosema apis to fermentation in sugar solution at room 
temperature. 

Time of fermenta- 
an Results of inoculation. Date of inoculation. 

SD fe UM) 5 occ stone sont Sooucur qoconsecsecssanase 0 5 | Nosema infection produced. 
SE Oh UE oo be soso sons co sonbsoeeobsesccssasosed 0 6 0. 
UD CE OI Ses = ce scdogaes sob spo so aosdcoueaSenssEes = 0 11 | No infection produced. 
FSE(D iy UO), WONG) oe oo Soe oo Sore odacussoosoEoeSEQEenor 0 7 Do. 
Abd, 27/p MON Ce osccdsc soaeSonebaoDobecsdonseSseodasoser 0 8 Do. 
July 29, 1915....-.- Rae eels ce ce eieee Eee 0 10 Do. 
SIO, He}, IM es Soke St scesese sas scosemace Soaneaeesce 0 10 Do. 
Sepe elon Oh Meas sae eee a tiene oe eee oes 0 12 Do. 
Shayne ee oe ee a ee Sadan 28 saoseoaeeSe cdcseose 0 13 Do. 
SepevEh1Ola Pbk esa SR aN es UES Shae ost 0 14 Do. 
die Os TE ls oe eee A aoe on peraarcrpecacaaeE sea0 one 0 18 Do. 
Sept Layo s As ee ee SEE AEA 0 21 Do. 
Si) oles Oe de ec Goce caboue senoousscaeaseee eoacoeros 0 34 Do. 
June 9, 1914.... 7 12 Do. 
June 10, 1914... 10 6 Do. 
May 13, 1915... 18 6 Do. 

From Table XIII it will be seen that the parasite was destroyed 
by fermentation in a 10 per cent sugar solution at room temperature 
in from 7 to11 days. The range of variation shown may be attributed 
largely to variation in the temperature. 

FERMENTATION AT OUTDOOR TEMPERATURE. 

In Table XIV are summarized experiments made for the purpose 
of obtaining approximate data relative to the resistance of Nosema 
apis in a 20 per cent honey solution at outdoor temperature. 

TaBLE XIV.—Resistance of Nosema apis to fermentation in a honey solution at outdoor 
temperature. 

Period of 
Date of inoculation. fermen- Results of inoculation. 

tation. : 

Days. 
July 265191 Gees sy eitekott oc Bache oeks wet ee ete eee e 2 | Nosema infection produced. 
July 27, 1916... oA 3 Do. 
July 28, 1916... 4 Do. 
Sept. 8, 1915... 5 Do. 
July 29, 1916.. 5 Do. 
PATE ROO SPL ON Geer iste ce a ete oiae alee sleleteistelelot-taiele wie sc ieliels iscsi oe ee mie 6 Do. 
RIEL Yih 20 LG nares cece eter yereed ett ease arnt cirri pene 7 Do. 
WNIg SU LOL G3 ora si aetn ee ae moe ete eeemieeincemcmemcite sewisceine seine 7 Do. 
SOpt:2; LOG see etek eteaiae ones soste sete vsecbe cise aed Seaeeeeee 9 | Noinfection produced. 
SeptvGM191620s 3S Mee FO a Gasper as cs URS Le eee ee 12 Do. 
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From Table XIV it will be observed that the parasite was destroyed 
in 9 days in the presence of fermentation processes taking place in 
a 20 per cent honey solution at outdoor temperature. 

At refrigerator temperature it was found that Nosema apis resisted 
fermentative processes for more than seven and less than nine days. 

Té will be observed from the results obtained that Nosema apis 
in the presence of fermentative processes is destroyed in a compara- 
tively short time. The period, it will be seen, varies somewhat with 
the temperature of the fermenting suspension. The experiments 
tend to indicate, furthermore, that the time element depends slightly 
upon the nature of the fermenting medium, the germ being destroyed 
sooner in a honey solution than in asaccharose one. The time element 
is dependent also upon the strength of the solutions employed. 

RESISTANCE OF NOSEMA APIS TO PUTREFACTION. 

Experiments have been made for the purpose of obtaining results 
relative to the resistance possessed by Nosema apis to putrefactive 
processes. The nature of the experiments was similar to those rela- 
tive to fermentation but instead of sugar solutions used for the 
suspensions a 1 per cent peptone solution in water was employed. 
In the experiments, suspensions, after undergoing putrefactive changes 
at incubator, room, outdoor, and refrigerator temperatures, respec- 
tively, were used in the inoculation of colonies. 

PUTREFACTION AT INCUBATOR TEMPERATURE. 

The experiments summarized in Table XV indicate the resistance 
of Nosema apis to putrefaction at incubator temperature. 

TaBLe XV.—Resistance of Nosema apis to putrefaction at incubator temperature. 

Period of 
Date of inoculation. putrefac- Results of inoculations. 

tion. 

Days 
hallyoon LOL Osseae an E ewe ss Sos roves S822 ei eau SE ie 1 | Nosema infection produced. 
LER ALIS GSE ee ee ny ay Oe Se ee a eee se ete 2 Do. 
TL 23. TOG Bessa ap Bas cea es mae ae a eames cect i 3 Do. 
ates eel Ol Gero th se: Dia eset oaactete paar ees aS ee. 4 Do. 
LREENS? DOAT, TAS I ea a i a ee ne Sea aici Gi ga 5 | No infection produced. 
SG [io 10) TG AER ie ee eee C ee Serene ssa aes me etnE ee oie RE 7 Do. 
Slip PLOLG se oersic 2 fees fee cick = Hig ac eeeelgs heee\e 4s deeceieteeses ose 8 Do. 
MasbveltOLG-e ios. fads eat jose eee set htinte ites Sa-e ee Seer ees 10 Do. 

By the results recorded in Table XV it is shown that Nosema 
apis was destroyed by putrefaction at incubator temperature in 
five days. 
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PUTREFACTION AT ROOM TEMPERATURE. 

In Table XVI are summarized experiments in which the putrefac- 
tive processes took place at room temperature. 

TABLE XVI.—Resistance of Nosema apis to putrefaction at room temperature. 

Period of 
Date of inoculation. puree, Results ofinoculation. 

ion. 

Days. 
Uiulbyy 28, 1G osc bet we Rs ale Pte Bae 12 | Nosema infection produced. 
Ji eZ 1B OI ete BS saws a Mechta ee meee Ve ciie ce, Seta ms ele ok 18 | No infection produced. 
ol] DU Re PAS va Oh Uae aie ree Ree erent nr tgp atime! Hen rr Aeon el ae 25 Do. 
FSYSH GS AS pI ae a A hes MU a ae apt pea eas ay de 34 Do. 
Ope MONG ee ome t a ele A ee a ae sa a ent _ 40 Do. 
PNW PAD a RO a ae erage as rein Up erence lS ay 52 Do. 

From Table XVI it is seen that Nosema apis at room temperature 
resisted the putrefactive processes for about two weeks. As the 
room temperature varies it is to be expected that the time required 
for the destruction of the parasite will vary also. 

PUTREFACTION AT OUTDOOR TEMPERATURE. ~ 

The following table summarizes experiments that indicate the 
period Nosema apis resists putrefaction at outdoor temperature: 

TaBLE XVII.—Resistance of Nosema apis to putrefaction at outdoor temperature. 

Period of 
Date of inoculation. putrefac- Results of inoculation. 

tion. 

Days. 
Nosema infection produced. 2 

3 
4 
5 
7 _ 
9 Do. 

12 
15 
22 

In the experiments recorded in Table XVII it will be observed that 
Nosema apis was not destroyed in the presence of putrefactive changes 
at outdoor temperature in 22 days. 

At refrigerator temperature the parasite has resisted putrefaction 
for more than three months. 

The foregoing experiments relative to the effect of putrefactive 
processes on Nosema apis show that the parasite may be destroyed as 
a result of putrefaction. They show also that the temperature of the 
suspension is a factor in determining the period of resistance. Further- 
more, it is seen that the germ resists the destructive processes accom- 
panying putrefaction longer than those accompanying fermentation. 
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RESISTANCE OF NOSEMA APIS TO DIRECT SUNLIGHT. 

RESISTANCE WHEN DRY. 

Petri dishes (fig. 6) which were smeared with the crushed stomachs 
of Nosema-infected bees were exposed to the direct rays of the sun. 

Fic. 6.—Open Petri dish. One-half of the dish, either top 
or bottom. 

After intervals reckoned in hours healthy colonies were inoculated 
with a suspension made from the dishes which had been exposed. 
Table XVIII summarizes the experiments and the results obtained. 

TaBLe XVIII.—kesistance of Nosema apis when dry to direct sunlight. 

| 

Period of | 
Date of inoculation. exposure Results of inoculation. 

to sun. 

Hours 
SANTO OM GH A etek hop. ye sched yd pete a SC ie Re ies Mi 2 | Nosema infection produced. 
PRES Sem EBL AM ters nies Seater eet a Re cae ole oe ee ore niee 5 Do. 
Aug. 2, ml ieeree dete. wei Re ois hia Ae eh Set ae ew be 5 Do. 
July 28, HOU Se tel Oe aia Ne Me AL Ry a oe ed ne ea ts 8 Do. 
PAL uel OAD eee mere a uh pc Bek Te UN pony ee he ee tele 10 Do. 
Aug. 23, UGG Se Aa. ER iia Ul Aaa ye Se Aa at ets a aa ae 13 Do. 
Aug. 20, es ee eee Bee auc eee en Rane eet me Senet ow 15 Do. 
Sept. 2, “ib eRe aon lie ol a I Deaton tiene shone aD 15 Do 
JOYE: Plays USE ae a ee Pn Poe a gate eR ree eee 17 Do 
ESHET OAc, Gy TUB ete Rk ne cage a ice et ec We a see 20 Do 
Sept. 14, NOUR See ee Ne - lae ee FAD a eh eet oF ee 29 D 
JADE LTS TUG) 2h Se OA BR a sen ei ate lay eve pO Dee 15 | No infection produced 
Sept. 10, LOM ieee PS Bey heh ns tk hs os ere eh ie ee ay 17 Do. 
Aug. 19, SG cc ep Ee pare ip AAS She ARIA dn ed i 18 Do. 
Sept. 11, LOE ee R ey Yehent Sey ae eth. ees tos baskets 21 Do 
Aug 24, EQ Aa eae ane = eins fe isis Mea tee mis wisi ae oie ed Soe einieral= 22 Do 
SED Leto Olos praem. Sed) ern pease. South (2 o eee eho ee 32 Do 
LUO Gis TON SS a pee gh Ue UD og a 34 Do 
DCM Ue OM OL GSS prea a cise eens ce mete SEA oi Mee ad 35 Do 

The results in Table XVIII show that Nosema apis was destroyed 
in the experiments recorded in from 15 to 32 hours’ exposure to direct 
sunlight. 

It will be readily appreciated that the time frat Nosema apis will 
resist the destructive effects of the sun’s rays will vary largely accord- 
ing to the intensity of the rays, the heat present, and the thickness of 
the layer of infective material exposed. 

DESTRUCTION IN WATER. 

In experiments made for the purpose of determining the time re- 
quired to destroy Nosema apis suspended in water, an aqueous 
suspension of the crushed stomachs of about 10 bees was poured into 
each of a number of Petri dishes (fig. 6) and exposed to the direct 
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rays of thesun. ‘The top of the dish was not on during the exposure. 
After intervals reckoned in hours inoculations were made of healthy 
colonies, the germs contained in one dish being used. 

Table XIX gives a summary of a set of experiments of this kind. 

TaBLe X1X.—Resistance of Nosema apis suspended in water to the direct rays of the sun. 

. . Period of 0 F 
Date of inoculation. exposure. Results of inoculation. 

Hours. 
PATIO OTe eee ae ck ee een Deine aie aati cle obec betaine eae 2 | Nosema infection produced. 
Vtliys2 7A OG a ee hee ee ed Oa eae a ee ami ere aot 10 Do. - 
AUIS QO TOTS oe ek LEE AOL ee eM SSE Bp See tes Od He sade 12 Do. 

BO RU ek ee eS et els Rive SREP AW see 2 18 Do. 
PATS DG 1 SU ye eee eee re te OU ER ee up ihe abe oie et al 20 Do 
BODE TO OUR ee eee ea ee cena ere see 20 Do 
PANIED Te OUR LE. CUA SAE ee bed, ee EE Ea) 27 Do. 
Sep Ge ULSI O 4 creel a ee a cree cee ale 2s Meme hola YC ae 27 Do. 
PSHE Oye et leh la Ly A ra a 44 Do. 

LB KOSS es Pepa Sh Aa eR HO A UO EP PR ea 37 | No infection produced. 
Hepes awl O US eee ee RN ESC ARE OEE ee. see 51 Do. 
Sepicg Orel Ol 5e Sees els tN Rete ice am ta Waele Eye 58 Do. 

TD Oe ee Se ees aula one pe Renae Natok Gand Le een ene mk enc 65 Do. 
PSK=y 01 Boal L/P CSUR SNS See ey LY EN Ue Oe NE ae 72 Do. 

The results in the foregoing table show that Nosema apis was de-_ 
stroyed by the direct rays of the sun in from 37 to 51 hours. It is 
seen, therefore, that Nosema apis when suspended in water shows a 
considerable amount of resistance. In the question of the transmis- 
sion of the disease this resistance may be of considerable importance. 

At the time these experiments were made the intensity of the rays 
was, as arule, quite marked and, therefore, favorable for the destruc- 
tion of germs. The temperature of the aqueous suspension, however, 
did not reach 136° F. (58° C.) and, therefore, was not sufficient to 
destroy the virus through heating. Some of the suspensions stood for 
more than a week in the Petri dishes, thereby introducing the factors 
of fermentation and putrefaction. ‘The effect of these factors on the 
results is not known. 

DESTRUCTION IN HONEY. 

In performing the experiments crushed stomachs from about 10 
Nosema-infected bees were suspended in about 3 ounces of honey in 
Petri dishes (fig. 7). To prevent robbing by bees the dish was used 
with the top on. The suspension was exposed to the direct rays of the 
sun with the dishes resting on a wooden support. After different 
intervals healthy colonies were inoculated with germs which had 
been exposed to the sun. 

Even when resting on a wooden support it is not unusual during the 
summer for the honey of the suspension exposed to the sun to reach a 
temperature beyond the thermal death point of the parasite. To 
determine facts in regard to the effect of the sun’s rays on Nosema 

apis, therefore, this point in regard to heat must be met by the 
technique employed. This could have been done quite easily but 
for the lack of time. 
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In the experiments it was found that Nosema apis was destroyed 
in all instances in which the temperature of the honey reached or 
exceeded 140° F. (60° C.), a temperature at which the germ is killed 
by heat (p. 30). Sufficient data, therefore, have not been obtained 
to warrant a definite conclusion regarding the time required for the 

Fig. 7.—Petri dish. The top half is slightly raised. Those 

used here are 4 inches in diameter. 

direct sunlight to destroy Nosema apis suspended in honey. The 
results obtained from the experiments made in which aqueous sus- 
pensions were exposed to the sun give some idea as to the probable 
approximate time which would be required. 

PERIOD NOSEMA APIS REMAINS VIRULENT. 

PERIOD IN HONEY. 

In experiments made to determine the length of time Nosema apis 
remains virulent in honey a suspension of the parasite in honey was 
distributed in flasks, about one-half pint being poured into each flask: 
These were placed at room temperature and shielded from the light. 
After different intervals colonies were inoculated, the suspension 
from a single flask being used. The results obtained are included 
in Table XX. 

TaBLE XX.—Period Nosema apis remains virulent in honey. 

Date of inoculation. Period in honey. Results of inoculation. 

| 

Months. | Days. 
1 0 | Nosema infection produced. 
1 18 Do. 
2 0 Do. 
3 10 Do. 
3 27 Do. 
2 6 | No infection produced. 
2 15 Do. 
2 25 Do. 
3 5 Do. 
3 17 Do. 
3 20 Do. 
3° 21 Do. 
4 4 Do. 
5 0 Do. 
7 17 Do. 
7 19 Do. 
9 7 Do. 
9 19 Do. 

12 0 Do. 
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The experiments summarized in Table XX show from the results 
recorded that Nosema apis, when suspended in honey and kept at 
room temperature, shielded from the light, remained virulent for 
from 66 to 124 days, that is; from 2 to 4 months. The wide varia- 
tion noted here probably is due very largely to the variation in 
temperature of the honey suspension. 

PERIOD IN DEAD BEES. 

Among the factors tending to destroy Nosema apis within the 
remains of dead bees are drying, putrefaction, and probably fermen- 
tation. The temperature also is to be expected to vary the period 
of resistance. In conducting the experiments, therefore, incubator, 
room, outdoor, and refrigerator temperatures were used. Infected 
bees were killed and kept in these different environments. After 
different intervals suspensions were made in sirup, the crushed 
bodies of from 5 to 10 of the infected bees being used. Colonies 
were inoculated with the suspensions. 

a AT INCUBATOR TEMPERATURE. 

Table XXI summarizes the results obtained when inoculations 
were made with suspensions of Nosema-infected material from bodies 
of bees kept at incubator temperature. 

TABLE XXI.—Resistance of Nosema apis within dead bees at incubator temperature 
(37.5° C.). 

Period 
Date of inoculation. of Results of inoculation. 

drying 

Days 
AN DE, OS IM ene sh as SEI ae epee enya eMC aa AIA LCS easels 2 | Nosema infection produced. 
PACT Wl OIG Se ease Se rene ays WS eR a 2 tate cess eeete Leas 4 Do. 
PATE AS LOL Gee sorceress sine ages uate nics ett a Slax MRL Ste Os ere ana 6 Do. 
June 27, 1916....-.- SMS USNS MOSSE SSPE VSL ENN ER Te Le 7 | No infection produced. 
Waly ete POUG ate ccia setae ctu sceievae Mune nae Ea I ile ea Ra Bee 12 Do. 
Maybe O41 Giants ie na ices eet nil orden Ra i el ihe aA 15 Do. 
PANT ANG T ister, area anh i cin are ge RO ke A EL 16 Do 
Oct. 8, IG eae MOLES 1) ONE MR TT ES a 18 Do 
Aug. 8, TUG ater ites ed ord ae ania mlenuonss Lei a ny Aaa each Manan Rape NATO 21 Do 
PANS A (EEL OTS eis cma ee bya we Milo aie GM | A aN a Mee 28 Do 
OCHO 1915 TET aig Fe AY a eg RN ee et 30 Do. 
ASRS ALOT SLA LER is Rigi EET ho Saeed eee ae 35 Do. 
AIG G ONG eis clee Sean Ee OE Se Oe a Re Nodes Oe eae 38 Do. 
Nov. 2, OT ee cS SEE ECON clase pal ae MNS Col a Ras a ms RU tas nr 42 Do. 

By the results recorded in the experiments summarized in Table 
XXI, it was shown that Nosema apis in the bodies of dead bees 
kept at imcubator temperature ceased to be virulent in less than one 
week. 

AT ROOM TEMPERATURE. 

In Table XXII are summarized the experiments in which dead 
bees, kept at room temperature, furnished the Nosema-infected 
material for the suspensions used in the inoculations. 
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Taste X XII.—Resistance of Nosema apis in dead bees kept at room temperature. 

Period 
Date of inoculation. of Results of inoculation. 

drying. ce 

Days. 
i6 Nosema infection produced. 

0. 
28 Do. 
30 Do. 
28 | No infection produced. 
32 Do. 
35 Do. 
36 Do. 
43 Do. 

ae 2 56 Do. 
TAFT. 21 122 i il i ee a a ip eer re Se epee = 111 Do. 

| ATTRR BT) EI BS RE Re ees seo ac) See spos2oc0e¢ Be ee Sees 168 Do. 

From Table XXII it is learned that when dead infected bees were 
kept at room temperature the parasite remained virulent for three 
or four weeks, but did not produce the disease after one month. 
Since the temperature of the room was not constant, variations in 
results obtained at this temperature are to be expected. 

AT OUTDOOR TEMPERATURE. 

Dead Nosema-infected bees were placed in a hive body standing in the 
experimental apiary. At different intervals suspensions were made 
and colonies were inoculated. In Table XXIII are summarized a 
few experiments indicating by the results obtained the approxi- 
mate period Nosema apis remains virulent in the body of dead bees 
at outdoor temperature. 

TasLe X XIII.—Resistance of Nosema apis in dead bees drying at outdoor temperature, 

Date of inoculation. P au Results of inoculation. 

Days. 
CiGin Ib, PL. 2 Sec ece de oseteccees ser cccemesstecscespeen secesseoe 28 | Nosema infection produced. 
Aug. 23,1915.....---------------------------+-----f--+-- +--+ ----- 35 Do. 
ID 2p GIES «oo se ee ose asec sone as ese oes Seseecernoesseos 42 Do. 
AEG 7, UDUR. cous seed cote tadodedoneccecosesecossecunea ges aceseds 36 | Noinfection produced. 
A IMIOIG ee asda oaic wos naz cuseeene cencisie tmeestdeemciaees 56 Do. 
inlay 17, TG As eben ees eos aicees be So sea” SSEBEe Donen anaeuas Seasere 76 Do. 

From Table XXIII it is seen that Nosema apis in the bodies of 
dead infected bees kept dry at outdoor temperature remained viru- 
lent for from five to six weeks. These experiments extended over a 
period from June to November, as shown by thedates. It is to be 
expected that if they had been conducted throughout the year the 
results obtained would have shown a much wider range of variation. 
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AT REFRIGERATOR TEMPERATURE. 

In Table XXIV are summarized experiments the results of which 
indicate the approximate period during which Nosema apis remains 
virulent in the bodies of infected bees kept at refrigerator “ae 
ature. 

TaBLE XXIV.—Resistance of Nosema apis in dead bees drying at refrigerator temperature. 

Period in 
Date of inoculation. refrig- Results of inoculation. 

erator. 

Months. 
Mara DOUG sai Preis jo sates = alee nore hier ess nye Datencya ee pal yam wate ee 2 | Nosema infection produced. 
Man 20 MU OUG sero cua weenie eerste ee ms mice inlets eiaie nore ie meena oleate 2 Do. 
Mars 20 LOIG eee eR eee ec oc mtsiemiae eo mbtem nieteneinn oc eee 23 Do. 
Apr 220906. e pai beet Aa ea rene Dea ce, 3 Do. 

AV IG MOG os Force ee Bice Wasa Sains aioe niggas cereinigs sic ale Ne RIeieie SEES 34 Do. 
Dees, 192s 8. sigest ss jag. besa sees teve ge RO ieee skeet ‘3 | Noinfection produced. 
anh Poe APE ik IS I a OS Re oe 4 Do. 
Mary 2450916. veo ay ee tbo me eoe eS ld. AoE PEE EEE EE © -t 4 Do. 
FUNG S MOLEC sce horace teal tae ne mao ee eee A Me eee BEIT oe aice 4 Do. 
Web: 10; A963 oes sce. ce Velceigss- ob eee posh. Se teeee tas? 5 Do. 
ADT ell Giles cee wees cee eee neseei me seus UY mane eiyseatane 6 Do. 
May 6, 1916....... et UN in ee ee eh ie ahah Olea 8 Do. 
July 3, AQUG See Me Ss Sar eek Shee oem ea tce Reese 10 Do. 

The results recorded in Table XXIV show that Nosema apis in 
the bodies of dead infected bees remained virulent at refrigerator 
temperature from two and a half to four months. 

ON THE SOIL. 

Dead Nosema-infected bees were placed on the soil in the open, 
but in a somewhat shaded spot. After different intervals of time 
colonies were inoculated, these dead bees being used as the source 
for the infective material. Table XXV summarizes the experi- 
ments performed, the results of which indicate the approximate 
period during which Nosema apis remains virulent in the bodies of 
dead bees lying on the soil. 

TABLE XX V.—Resistance of Nosema apis in dead bees lying on the soil. 

Date of inoculation. peed Results of inoculation. 

Days. 
Uy Gs NOUS aoe ents eg) OE A A NR oR hs Sea 13 | Nosema infection produced. 
Aug. 1, 1916 18 Do. 
Aug. 28, 1915 25 Do. 
Aug. 12, 1916 29 Do. 
Aug. 26, 1916 43 Do. 
Aug. 28, 1915 44 Do. 
May 14, 1916 71 | Noinfection produced 
OCHIAI TSR Ce Ue UCN RCoR aE cre mle ees Cate aut 5 SMe AOR Tol iy eo ea 7 Do. 
Oct. 21, 1915, 85 Do. 
Oct. 21° 1915. 94 Do. 
Oct. 4, 1915. . 104 Do. 
Nov. 9, 1915 104 Do 
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From the results recorded in Table X XV it is seen that when the 
dead Nosema-infected bees were allowed to remain on the soil exposed 
to outdoor conditions Nosema apis was virulent at the end of 44 days, 
but the germ had lost its virulence before 71 days. Results of 
experiments having the nature of those referred to in this table 
naturally depend largely upon the climatic conditions which prevail. 

It was observed that insects, ants especially, fed upon the dead 
bees lying on the ground. In this way they removed much of the 
material containing the parasites. This fact must be borne in mind 
in a consideration of the length of time that bees dead of Nosema 
disease and lying on the soil might serve as a possible source of 
infection. ~ 

The five foregoing groups of experiments relative to the period 
during which Nosema apis remains virulent in the bodies of dead 
infected bees show that the period varies with the environment under 
which the bees are kept, the temperature being an important factor 
in causing the variation. It is interesting to note that under fairly 
favorable conditions for its preservation Nosema apis remains 
virulent within the bodies of dead infected bees only three months, 
while under less favorable conditions its destruction occurs in a much 
shorter period. 

INFECTIOUSNESS OF BROOD-COMBS FROM NOSEMA-INFECTED 
COLONIES. 

Experiments have been made for the purpose of obtaining data 
relative to the likelihood of the transmission of Nosema disease from 
colony to colony through the medium of brood-combs. Brood- 
combs on which colonies had died of the disease and others taken 
from colonies heavily infected with Nosema apis through experi- 
mental inoculation were inserted into healthy colonies after different 
periods of time had elapsed following their removal. Table XXVI 
gives a summary of experiments made and the results obtained. 

TaBLeE XXVI.—Results from insertion of brood-combs from Nosema-infected colonies 
into healthy ones. 

. Number 
Date combs were inserted. eying combs of combs Results of inoculation. 

* | inserted. 

PAPER LU POO e se soci lsmicininsoe roc e's yaaiseine so o2e Inserted im- 4| No Nosema infection pro- 
mediately. duced. 

DOs 2 sae Be Soe snes eens. Ol bee does. 3 Do. 
LNT YOA Ea OT EL a ee ee ee hes ee ee ea ee dove we 3 Do. 
Mistletoe pecs ae eelaie oS elieie sas ecin aicie slisiSerae dOzeeecse 3 Do. 
Wicev pO OIG 5:21 Leer iis five sty kt sla sek sere |e ak ie ae cay ht 1 Do. 
ANTI PAG SUG) NG IE al A oe ea eter 4 month....-..-. 3 Do. 

Ons g este ct eeeret SSS Pe es doseesiie. 3 Do. 
PREP AT OL ye ce apy ice RE en ee NLL 1 month......- 2 Do. 
ARETRS) IES We) BS ro a a en ne Pa 2 months..-.... 2 Do. 
RECEDED IS Ue I ae OE saa ey pa ae Ouse ees 2 Do. 
PREGA LOLS ec Uhiss Stele Lee et LEELA Seb es 28 3 months...-.-. 2 Do. 
WEA TL LUG AE SS Pa a at Ca ae (OS 2 (oy) Se eeeee 2 Do. 
PA RDO OVA ee ee ok ee ok aw ach SDS 4 months..-... 2 Do. 
MA Vat OMUGl Quetaa see bate eee vee ne 6 months...... 1 Do. 
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As will be observed from Table X XVI, infection did not occur in 

any of the experiments in which brood-combs from Nosema-infected 
colonies were given to healthy ones. The practical import of the 
results is that brood-combs from Nosema-infected colonies need not be 
destroyed, but may be inserted without treatment into hives contain- 
ing healthy bees with practically no fear that losses will result from 
such manipulation. (See also experiment No. 2, p. 25.) 

RESISTANCE OF NOSEMA APIS TO CARBOLIC ACID. 

Stomachs taken from Nosema-infected bees were crushed and 
suspended in aqueous solutions of carbolic acid (commercial). One, 2, 
and 4 per cent solutions were used. ‘These suspensions, respectively, 
were distributed in test tubes and were allowed to stand at room 
temperature. After different intervals healthy colonies were inocu- 
lated, the suspension from a single tube being used for each. 
A summary of experiments performed with the results obtained is 

given in Table XXVIII. 

mo XXVII.—Effect of carbolic acid on Nosema apis. 

Fer cent 
of car- Bre : 

Date of inoculation. Bole. Period sascarbouc Results of inoculation. 
aci ; 

solution. 

Hours. | Minutes. 
Aug. 8, ONS eee eee eee sear eae eee ae ae 1 0 10 | No infection produced. 
DUbyAG MOUS SPE ee ee Cs AN CR Eee 1 1 0 Do. 
July 2, TT ee ae ae SCE a 1 6 0 Do. 
June 9, TOTO RSS) EAS yy So PR 1 51 0 Do. 
Aug. 18, 1 KO LE Sa Se el ee ae Sy 2 0 10 Do. 
PULP MGSTOUS 2. EL EEE poh ES OY 2 1 0 Do. 
nyse 2 olONS oa atle cen ooete eenen esice eee eet 2 6 0 Do. 
JUNE S MGS ess SE Ete SSNS LS 22 2 27 0 Do. 
ibys Ont O15 Pee eae ee ee Sere en eee 4 1 0 Do. 
IUAVeQNOISE {SI Eie ees he Bees. Tee 4 5 0 Do. 
UUNe Si Olo eee aoe ee eke a eee 4 27 0 Do. 

From the preliminary results given in Table X XVII it will be noted 
that Nosema apis is rapidly destroyed in 1, 2, and 4 per cent aqueous 
solutions, respectively, of carbolic acid, showing that the parasite 
possesses very slight resistance to the disinfectant. 

EFFECT OF DRUGS ON NOSEMA-DISEASE. 

It is natural that beekeepers should have thought of drugs and 
employ them in the treatment of Nosema infection. Preliminary 
experiments have been made to obtain data relative to the effect of 
betanaphthol, salol (pheny] salicylate), carbolic acid (phenol), salicylic 
acid, formic acid, oil of eucalyptus, and quinin (bisulphate of 
quinin) on this infection. It will be recalled that most of these 
drugs have been given a trial from time to time by beekeepers in the 
treatment of one or more of the bee diseases. 
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In the experiments honey was diluted with an equal quantity of 
water and medicated. To the medicated solution Nosema apis was 
added. ‘This suspension was fed to a colony, usually within a half 
hour from the time it was made. On each of four or five days imme- 
diately following the inoculation, the colony was fed honey medicated 
with the drug but free from Nosema apis. 

In Table XXVIII are summarized the experiments performed, 
together with the results obtained. 

TaBLe XXVIII.—E fect of drugs on Nosema infection. 

Experiment 1. Experiment 2. Experiment 3. Experiment 4. , 

Drug. 

Breer Results. Eroney; Results. | F. nel Results. Frepot Results. 

Betanaphthol...-. 2:1,000 | Noinfec- | 1:1,000 | Noinfec- | 1: 2,000 | Noinfec- | 1: 5,000 | Infection. 
tion : tion. tion. 

Salolvsess. sues si 220 000) /35-d0s- +=: Lei O00} | CORe ee Pse22000 se dopystec- 1: 5,000 Do. 
Salicylic acid... .-- 251 000) eed One oe 21S 1E(0' 0,0) eee Kay SB Be 1: 2,000 | Infection.| 1: 5,000 Do. 
Carbolic acid... .-. 3: 1,000 |..-do----- 2; 1,000 |-:-do---_- Leu O00 ties 4dO. =, hae 4a ee tee 
Formic acid...-.-.- Sel O00) |= = 400-er = PRUE I) BeOS Se TdT ea OSS Sac) Bocce unmoee 
Eucalyptus. .-..-.. 5: 1,000 | Infection-} 4:1,000 | Infection.} 2:1,000 |...do.....|........-- 
Quinine: o 3 so... 10; 1,000 |...do..... 4: 1,000 |..-do.-... 2 OOO 2 AO erie tel See cies 

The results recorded in Table XXVIII show that the parasite was 
destroyed by some of the drugs used but that it resisted others. 
Their relative efficiency as indicated from these preliminary results 
is shown by the arrangement in the table. Betanaphthol and salol 
seem to be the most effective of those tried, and eucalyptus and 
quinin the least efficient. 

Experiments were performed in which the inoculation with Nosema 
apis was not followed by feedings with medicated sirup. The 
results obtained show that under the conditions of the experiments 
the drugs affected the parasite as seen by the lower percentage of 
Nosema-infected bees in the colonies inoculated. In colonies re- 
ceiving subsequent feedings of medicated sirup a still lower percent- 
age of infected bees was found. 

While it is thus established that Nosema apis is somewhat sus- 
ceptible to the effects of some of the drugs, the experiments are 
altogether too few for definite conclusions as to the extent of their 
action. Statements regarding the effect of the drugs on Nosema- 
disease, therefore, should be accepted cautiously, for the present at 
least, unless they are supported by experimental or other good 
evidence. 

1Tn obtaining the desired proportion of the drug, betanaphthol, salol, salicylic acid, and eucalyptus were 

dissolved in alcohol. In the case of carbolic acid, formic acid, and the bisulphate of quinin aqueous 

Solutions of the drugs were employed. 
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MODES OF TRANSMISSION OF NOSEMA-DISEASE. 

No problem in the study of Nosema-disease is more important than 
that of its transmission. The problem is at the same time one of 
the most difficult for complete solution. While further information 
is still much desired, yet it is possible from the studies which have 
been made to arrive at certain conclusions concerning the manner 
in which the disease is spread. The discussions which follow are 
based chiefly upon observations noted in the foregoing pages. 

It is naturally safe to conclude that the transmission of Nosema- 
disease depends directly upon the transmission of the parasite that 
causes it. If the course of Nosema apis in nature were followed 
completely, therefore, the problem relative to the spread of the disease 
would be solved. Such a task is difficult, as the possible sources 
for the parasite and the accompanying conditions are various. 

The fact, determined experimentally, that a suspension of Nosema 
apis in sirup when fed to bees will produce the disease shows quite 
conclusively that infection takes place through the ingestion of the 
parasite. At present there is no evidence that it takes place other- 
wise than by way of the alimentary tract. This leads to the im-— 
portant tentative conclusion that the transmission of the disease is 
effected through either the food or the water supply of bees, or both. 

On reaching the stomach by ingestion the parasite begins its growth, 
invades the walls of the organ, multiplies enormously, and forms 
spores which are shed into the lumen and passed out of the alimentary 
tract with the excrement. ‘The chances that any single parasite once 
outside the bee will be ingested and cause infection are very slight. 
The immense number that are produced, however, increases the 
chances very greatly. Again, the chances of infection are very much 
reduced by the many destructive agencies in nature encountered by 
the parasite. Among these are drying (p. 31), heat (p. 29), direct 
sunlight (p. 37), fermentation (p. 33), and putrefaction (p. 35). 

The excrement is voided normally during flight and most often 
' soon after the bee leaves the hive. Should the droppings from in- 
fected bees fall into a body of water, such water would become 
thereby contaminated with the Nosema parasite and the use of it 
by bees would expose them to infection. Should the body of water 
be a rapidly flowing one, naturally the chances that other colonies 
of the apiary might become infected from such a source would be 
less than if it were a sluggish one. Should such contaminated water 
be exposed to the sun, the rays of the latter would have a tendency 
to destroy the parasites. The resistance of Nosema apis to the de- 
structive effects of the sun’s rays (p. 38) are sufficiently great, 
however, that there would still remain a strong likehhood that mfec- 
tion might take place from the water supply. While in the water 
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the parasites may be subjected to fermentation or putrefaction or 
both. These factors would tend to destroy the germ, although its 
resistance under these conditions is again considerable. 

It has been suggested by some writers that drops of water from 
showers or dew on vegetation about the apiary might become con- 

_ taminated by excrement present and thus be a source of infection. 
This would seem to be a possibility. The extent, if any, to which 
the disease is thus transmitted is not yet known. 

Should the excrement of infected bees fall on the soil, the chances, 
ordinarily, would be slight that the contained parasite would reach 
a bee and infect it. Should the surface water resulting from rains 
carry the germ into a water supply used by bees, the chances of 
infection from the soil as a source would be considerably increased 
thereby. If the bodies of dead Nosema-infected bees were washed 
into the water supply, contamination of it might follow. 

In estimating the probable danger of infection from the bodies of 
bees dead of Nosema-disease, the possibility of the parasites being 
destroyed after the death of such bees through putrefaction (p. 35), 
drying (p. 31), or other means must be given due consideration. 

The facts which are known concerning Nosema-disease indicate 
that the disease may be transmitted: (1) From the infected bees of 
a colony to healthy bees of the same colony, and (2) from the infected 
bees of a colony to healthy bees of another colony. When the infec- 
tion is transmitted from infected bees to noninfected ones of the 
same colony, the question arises as to whether such infection takes 
place while the bees are within or without the hive. The fact that 
the heaviest infection with Nosema apis occurs in the spring of the 
year, and the further fact that only a comparatively few colonies of 
the apiary are likely to be heavily infected, support the tentative 
conclusion that the transmission of the germ takes place within the 
hive rather than from a source outside of it. 

There are facts concerning the disease, however, which indicate 
that the infection under certain circumstances is not readily trans- 
mitted within the hive. For example, colonies which in the spring 
of the year show less than 50 per cent of Nosema-infected bees are 
likely to recover from the infection without treatment, showing that 
under such circumstances the infection is not transmitted within the 
hive, to any great extent at least. The fact that a colony may contain 
a small percentage of Nosema-infected bees throughout the year 
and not become heavily infected at any time furnishes further evi- 
dence that Nosema infection does not always spread with rapidity 
within the hive. It has been found that colonies becoming heavily 
infected through experimental inoculation in June, July, or August, 

are practically free from the infection within six weeks from the date 
of inoculation, showing again that the infection is not always readily 
transmitted within the hive. 
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Colonies may die out, or they may only become weakened by the 
disease. Each of these conditions invites robbing, which in a certain 
number of cases probably results in the transmission of the disease. 
The likelihood of the transmission of the disease through robbing, 
however, seems to be not nearly as great as in the case of the foul- 
broods. 

Uninoculated colonies in the experimental apiary have always 
remained practically free from infection, although colonies heavily 
infected as the result of experimental inoculations were present. 
This fact suggests that very little infection, if any, results either 
from the visit of healthy bees to flowers previously visited by infected 
ones, or, furthermore, from the straying or drifting of bees from 
infected to healthy colonies. 

The possibility that the queen may be infected and that infection 
will be transmitted by her to the other bees of the colony need give the 
aplarist no uneasiness, and no concern need be felt that drones will 
spread the disease in the apiary. 

Fear that’ Nosema-infection might be transmitted by hives ahiel 
have housed infected colonies need not be entertained; neither is it to” 
be feared that the hands or clothing of the beekeepers, or the tools used 
about an apiary, will serve as means for the transmission of the 
disease. Furthermore, the spread of the disease is not to be attrib- 
uted directly to winds. . 

Theoretically it would seem that combs from Nosema-diseased 
colonies, if inserted into a healthy colony, would be the means of 

transmitting the disease and that the danger would extend over a 
period of a few weeks or months (p. 39). Experimentally it is 
shown, however, that such combs can be inserted immediately without 
transmitting the disorder, at least appreciably (p. 43). 

Evidence is yet to be obtained to prove that insects other than 
honeybees are susceptible to infection with Nosema apis. . A few 
experiments made in which silkworms, maggots, and ants were 
inoculated with this parasite gave negative results. At the present 
time, therefore, there is no cause for fear that Nosema-disease will be 

transmitted as the result of a similar infection in other insects. 

DIAGNOSIS OF NOSEMA-DISEASE. 

Nosema-disease usually can be diagnosed from the colony symptoms 
present together with the gross appearance of stomachs removed from 
adult bees of the colony. 

Weakness, especially in the spring of the year, should cause a sus- 
picion that.the disease is present. The suspicion is strengthened if in 
such a colony the brood in general is normal, if the adult bees are not 
noticeably different in outward appearance or behavior from bees of 
healthy colonies, if the queen is present and if stores are abundant. 
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While the colony symptoms may justify a very strong suspicion that 
the disease is present, an examination of the stomachs from adult bees 
of the colony is necessary in making a definite diagnosis. The selec- 
tion of the proper sample for examination is important. In choosing 
samples it is advisable to take such bees as are most likely to show a 
high percentage Nosema-infected. Young workers, old shiny ones, 
and drones are, therefore, to be avoided. Workers from the field are 
naturally to be preferred. As bees carrying pollen are most readily 
recognized as being field bees, these are the ones usually sought. 
Sometimes it is more convenient to take bees carrying honey or water. 
Next to the field bees, preference should be had for bees from among 
those about the entrance of the hive. During the colder seasons of 
the year it is often necessary to take the samples from the brood- 
combs. ° 

Ten bees from a colony constitute a satisfactory sample as a rule. 
Ordinarily these are taken at the entrance with forceps. They 
are killed by pinching the thorax. All of the bees of the sample 
should be examined. 

In removing the stomach for examination the bee is held by the 
thorax between the thumb and index finger of one hand and with a 
pair of forceps held in the other the tip of the abdomen is seized and 
pulled gently. By this method the organs of the alimentary tract 
(Pl. I) forward to and including the stomach are easily obtained. 

Occasionally the proventriculus and honey sac are also removed by 
this procedure. The stomach is the most prominent of the organs 
removed and the one that is most readily recognized. 

If the stomach upon removal appears swollen and lighter in color 
than a healthy one, Nosema infection may be suspected; if it is chalk- 
white and easily torn, infection is very probable; should the tissues 
of the organ when crushed be milky in appearance, infection is 
practically certain. Usually the gross examination is sufficient for 
a definite diagnosis of the disease as encountered in nature. Some- 
times it is desirable however, to have such a diagnosis confirmed by a 
microscopic examination of the crushed tissues‘of the stomach. This 
is often the case in experimental studies. 

If infection is present in a bee the oval glistening spores of the 
parasite (fig. 4) usually will be found in very large numbers upon a 
microscopic examination of the crushed tissues of the stomach. No 
staining is needed. Addition of water to the mount is not necessary 
but it improves the preparation, permitting the spores to be seen more 
distinctly. Stomachs which become dry, after their removal and be- 
fore the examination is made, can be used readily by the addition of 
water. 
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Very few objects are encountered in the microscopic examination 
of the stomachs that are likely to be mistaken for the spores of 
Nosema apis. Occasionally yeasts are encountered. They occur, 
however, in small numbers only, as a rule; a variation in size is 
usually to be observed; and if stained they take the stain readily 
and intensely. The writer occasionally has encountered small oval 
bodies resembling spores which escape from pollen grains. They are 
found in comparatively small numbers when encountered, however, 
and are smaller than Nosema spores. What these bodies are has 
not been determined. 

In examining bees that have been dead of Nosema-disease for some 
time a portion of the contents of the abdomen is suspended in water 
on a slide and examined microscopically. The highly refractive oval 
spores of the parasite will be found if the bee was Nosema infected 
at the time of its death. Younger stages of the parasite will not be 
encountered under these conditions. 

Stages of the parasite that precede that. of the spores may be 
recognized -at times from fresh preparations. Forms approaching 
spores in appearance, which have been referred to as young spores, 
together with growing or vegetative forms appearing frequently as 
though they were in pairs (Pl. III, I), are seen occasionally. These 
younger forms are not likely to be recognized in preparations except 
in those made from bees recently killed and then only in small num- 
bers. They should not be depended upon in the making of the 
diagnosis. 

To determine very early stages of infection with Nosema apis the 
stomach of the suspected bee must be fixed, sectioned, and stained 
by laboratory methods.1. The parasite is then found in the epithe- 
lial cells of the organ. 

Nosema-disease, like sacbrood, is quite prevalent among bees, and 
like sacbrood a small amount of infection may be present in a colony 
without producing any appreciable loss. When a diagnosis of the 
disease is being made in practical apiculture, therefore, considerable 
caution should be observed. A colony showing only a small per- 
centage of Nosema-infected bees and no other evidence of the disease 
is practically healthy. In reporting the presence of infection it 
would seem well to indicate in some way the amount of infection 
present. The percentage of infected bees among those examined 
might be given. 

on Nosemaapis. Heidenhain’siron hematoxylin is a very satisfactory stain for much ofthework. Other 

fixers, especially those containing picric acid or formalin, have been used successfully. The sporesof 

Nosema apis are not readily stained by allstains. Pyronin sometimes gives good results with methyl 

green asa counterstain. Alcoholic eosin applied for a considerable period, with methyl blue as acounter- 

stain, used on fixed smears made from fresh tissues, often resultsin desirable preparations. 
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In expressing a positive diagnosis the degree of infection could be 
indicated, for the present at least, by the terms ‘slight,’ ‘‘moder- 
ate,” ‘‘heavy,” and ‘‘very heavy.” Slight infection by this scheme 
would indicate that not more than 10 per cent of the bees are infected 
and that no noticeable loss is to be anticipated from the infection; 
moderate infection would indicate that from 10 to 35 per cent are 
infected, that the colony will probably sustain losses from the dis- 
ease, but that the chances are good for recovery; heavy infection 
would indicate that from 30 to 60 per cent are infected, that the 
colony will most likely show weakness as a result of the disease, and 
that it may or may not die; and very heavy infection would indi- 
cate that more than 60 per cent are infected and that the colony 
will probably die as a result of the disease. 

While a definite diagnosis in regard to Nosema infection can 
always be made by laboratory methods (McCray and White, 1918), 
beekeepers in most instances can diagnose the disease sufficiently 
well for practical purposes in the apiary. Weakness should cause 
suspicion. If there is no other obvious cause for the weak condition 
a strengthened suspicion is justified. If, upon the removal of the 
stomachs of a few field bees (at least 10 should be examined), some 

white stomachs are found among them, the presence of Nosema- 
disease is quite certain. Should there still exist a doubt the organ 
should be examined further. If the tissues seem to tear easily and 
when crushed present a milky appearance,! it may be concluded that 
the colony is Nosema infected. 

DIFFERENTIAL DIAGNOSIS. 
% 

_ Dysentery, paralysis, palsy, spring dwindling, Isle of Wight dis- 
ease, May pest, May sickness, abdominal distension, dry dysentery, 
dropsy, and disappearing trick are some of the many names which 
have been applied to disorders among adult bees. The disorders for 
which the names have been used have not been sufficiently well 
defined in all instances, however, to insure their positive diagnosis. 
From the facts at hand it seems probable that the number of adult 
diseases is small and that each disease, therefore, from time to time 
has had more than one name applied to it. It seems equally prob- 
able that some of the names used have been applied to more than 
one disease. 

Although little of a definite character is known concerning the 
disorders of adult bees in general, Nosema-disease is such a definite 
condition that its differentiation from other disorders should not be 
difficult. It is the only adult disease that can be diagnosed posi- 
tively at the present time by laboratory methods. 

1 Jn testing the ‘‘milky appearance,”’ crush the suspected stomach between two plates of clear glass. 
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DYSENTERY. 

The term ‘‘dysentery” as applied to a disorder among adult bees 
is found in early beekeeping literature and is still encountered fre- 
quently. The spotting of the hive which is so often referred to as a 
symptom of dysentery and the absence of Nosema apis will serve to 
distinguish it from Nosema-disease. 

PARALYSIS. ! 

The term ‘“‘paralysis” has been widely used to designate a disease 
of adult bees. In this country the name usually is applied to a con- 
dition in which a large number of the bees of the affected colony die 
suddenly with the result that often a large mass of them is found 
in front of the hive. When this disorder is encountered usually only 
a colony here and there in the apiary is affected. Whether or not 
the disorder is infectious has not yet been determined. Time has 
permitted the making of only a few preliminary experiments on this 
disorder by the writer. The few which have been made and the 
facts as observed by practical beekeepers indicate that if the disease 
is infectious it is only slightly so. It is not likely, therefore, to 
spread to any great extent in the apiary. It can be differentiated 
from Nosema-disease by the absence of Nosema apis in the bees that 
have died of the disorder, and in the bees remaining in the colony. 

SPRING DWINDLING. 

It is very probable that more than one disorder has been referred 
to by the term “spring dwindling.”” When Nosema-disease was 
encountered by the beekeepers in the past, most likely it was often 
designated spring dwindling. Other conditions which are called 
spring dwindling may be differentiated from Nosema-disease by the 
fact that Nosema apis is present in Nosema-disease and is absent in 
other conditions unless, of course, a mixed infection is present. 

ISLE OF WIGHT DISEASE. 

There has been encountered in many parts of England a disorder 
among adult bees from which heavy losses have been reported. The 
condition was described in 1906 by the beekeepers on the Isle of 
Wight, where apiaries had suffered heavy losses. 

Bullamore and Malden (1912), of England, after studying the 
symptoms of the disease, arrived at the conclusion “that no one 
symptom is characteristic of the Isle of Wight disease, the only 
essential feature being the death of large numbers of bees within or 

the term ‘‘palsy” has been used to designate the condition. As this term describes more accurately a 

marked symptom observed in the individual bee affected, it would seem to be a more appropriate one 

than ‘‘paralysis.”” 
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without the hive.’”’ They believed that the condition had been 
endemic in parts of England for many years, and shared with 
Graham-Smith the belief that a large amount of the losses among 
adult bees ascribed to it is due to Nosema infection. 
From the facts at hand it is not possible to state whether the Isle 

of Wight disease and Nosema-disease are one and the same disorder. 
Studies made on the Isle of Wight disease by English workers will 
most likely result in revealing further valuable facts concerning it 
(Anderson and Rennie, 1916). The writer examined one sample of 
adult bees from England taken from a colony suffering from Isle of 
Wight disease. Nospores of Nosema apis were found in the sample. 
The results of the examination naturally prove nothing regarding 
the disease. 

For the present the American beekeeper should bear in mind that 
when Nosema-disease is given as the diagnosis, a condition having 
the destructiveness described for the Isle of Wight disease is not 
Meant. 

OTHER DISEASES OF ADULT BEES. 

It is quite probable that other diseases of adult bees than those 
referred to here exist. If so, they have not yet becn sufficiently 
studied to make their recognition possible, at least by laboratory 
methods. Such disorders could be differentiated from Nosema- 
disease by the absence in them of Nosema apis. As Nosema infection 
is very widely distributed among bees, the fact must always be 
borne in mind that Nosema infection may occur in a colony together 
with other bee diseases and be of secondary importance. This 
caution should never be overlooked. 

PROGNOSIS IN NOSEMA-DISEASE. 

The prognosis in Nosema-disease varies markedly and is dependent 
upon the conditions present. Of these conditions the percentage of 
Nosema-infected bees in the colony, the strength of the colony, the 
season of the year, and the environment of the apiary are among the 
more important factors which determine the outcome of the disease. 

The percentage of Nosema-infected bees in the colony may be very 
small, much less than 1 per cent, or it may be very large, reaching 
practically 100 per cent. Between these limits all degrees of infec- 
tion are encountered, the prognosis in each instance being different. 

As a rule colonies which in the spring of the year show less than 
10 per cent of Nosema-infected bees gain in strength and the losses 
are not detected. ‘This is often true also in cases where the infection 
is somewhat greater than 10 per cent. When the number of infected 
bees approaches 50 per cent the colonies become noticeably weakened 
and in many instances death takes place. When more than 50 per 
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cent are infected they become weakened and usually die as a result 
of the infection. Generally speaking, therefore, it may be said that 
when a colony contains less than 10 per cent of Nosema-infected bees 
the prognosis is excellent; that when it contains more than 10 and less 
than 50 per cent the prognosis is fair; that when it contains more 
than 50 per cent the prognosis is unfavorable; and that when the 
number of Nosema-infected bees present approaches 100 per cent the 
prognosis is especially grave. ) 

In arriving at a decision as to the probable course and outcome of 
the infection the strength of the colony must also be considered. 
This factor, indeed, may be the deciding one. As arule, the stronger 
the colony, the more favorable is the prognosis. 

In early spring heavy losses among the workers are not replaced 
and the colony weakens. During the active brood-rearing season, 
on the other hand, the bees dying of the infection are replaced by 
young bees. These young bees being free from infection and the 
transmission of the disease within the hive during summer being 
slight as a rule, the prognosis at this season of the year is favorable. 

Experimentally it is found that a single inoculation early in the 
spring will cause a colony to die as a result of the infection produced; 
if inoculated somewhat later, however, the colony will weaken 
appreciably but will recover from the infection; if inoculated during 
the active brood-rearing season the weakening effect resulting from 
the infection may not be appreciable; if inoculated toward the close 
of the brood-rearing season the weakness resulting will be noticeable, 
but the colony may winter; and if inoculated later in the autumn 
or during the winter the colony will die as a result of the infection. 
Tt will be seen, therefore, that the prognosis in Nosema-disease in 
every case is dependent in some measure upon the season of the 
year, being more favorable in the active brood-rearing season than in 
any other. Indeed the season may play a major role in determining 
the course and outcome of the disease. 

The immediate environment of the apiary may possibly play a 
role in determining the prognosis. Opportunity for reinfection from 
without tends to vary the course and outcome of the disease. In this 
connection the nature of the water supply should not be overlooked. 

The extent to which the different races of bees vary in their suscep- 
tibility to the disease, the extent to which individual colenies vary in 
their susceptibility, and the extent to which different strains of 
Nosema apis vary as to their virulence are not at all definitely known 
at the present time. The facts, however, indicate that in no instance 
is the variation particularly great. Much care should be exercised, 
therefore, in ascribing variations in losses from the disease to the two 
phenomena virulence of the germ and resistance of the host. 
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Whether a bee once infected ever recovers from the infection has 
not yet been established definitely. From what is known of diseases 
in man and animals one might expect recovery in a certain percent- 
age of Nosema-infected bees. The data at hand indicate that 
occasionally recovery does take place in the worker bee. This is 
suggested by the fact that among the last few workers alive in a 
colony, following a heavy infection resulting from an experimental 
inoculation, some have been found upon examination to be only 
slightly infected and still others to be free from infection. The 
only conclusion that can be drawn at the present time on this point 
is that if recovery from the infection ever takes place in the worker 
bee the cases are comparatively rare. 

Whether the prognosis is as grave in the case of an infected queen 
is not known. The facts at hand suggest that it probably is not. 
In the writer’s experience less than 50 per cent of the queens in 
experimental colonies were found to be infected (Table I). Whether 
they had been infected and had recovered was not determined. 
The queens from colonies which had been inoculated from one to 
three weeks were found to be free from infection, indicating that 
infection was infrequent, at least within the period that workers 
and drones show the greatest percentage of infection. 

Death from Nosema infection does not take place for some 
time after infection. The length of time an infected worker lives 
depends in a large measure upon the season of the year. During the 
active bee season death takes place as a rule in less than one month 
but in more than two weeks. During winter the disease may run 
a course of two or three months or even more. Infected drones 
die sooner than infected workers, whereas infected queens probably 
live longer. This relation is to be expected since in healthy bees 
a somewhat similar relation exists. It is quite likely that the age 
of the bee when infected is not a negligible factor in determining 
the course of the disease. 

Finally it should be emphasized that the prognosis of Nosema 
infection, as it occurs in the United States, is not nearly so unfavor- 
able as has been reported for the Isle of Wight disease in England 
and for Nosema infection in Bavaria, Germany. It is, however, 
very similar to that of the infection as it has been reported from 
Australia (Price, 1910; Laidlow, 1911; and Beuhne, 1916). 
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SUMMARY AND CONCLUSIONS. 

The following statements concerning Nosema-disease seem to 
be justified from the facts recorded in the present paper: 

(1) Nosema-disease is an infectious disorder of adult bees caused 
by Nosema apis. 

(2) The disease is not particularly malignant in character, being 
in this respect more like sacbrood than the foulbroods. 

(3) Adult workers, drones, and queens are ae eon to infec- © 

tion, but the brood is not. 

(4) The infecting agent Nosema apis is a i ae that attacks 
the walls of the sienna and occasionally those of the Malpighian 
tubules. 

(5) A colony can be inoculated by feeding it sirup containing 
the crushed stomachs of infected bees. 

(6) One-tenth of the germs present in a single stomach are sufficient 
to produce marked infection in a colony. 

(7) Within a week following the inoculation the parasite can be 
found within the walls of the stomach. : 

(8) Before the close of the second week infection can be seven 

by the gross appearance of the organ. 
(9) The disease can be produced at any season of the year by feed- 

ing inoculations. 
(10) Infected bees may be found at all seasons of the year, the 

highest percentage of infection occurring in the spring. 
(11) Nosema infection among bees occurs at least in Australia, 

Switzerland, Germany, Denmark, England, Canada, and the United 
States. This distribution shows that the occurrence of the disease 
is not dependent altogether upon climatic conditions. 

(12) The course of the disease is not affected directly by the 
character or quantity of food obtained and used by the bees. 

(13) A sluggish body of water, if near an apiary and used by bees 
as a water supply, and the robbing of diseased colonies, must be 
considered for the present as two probable sources of infection. 

(14) The transmission of the disease through the medium of flowers 
is not to be feared. 

(15) The hands and clothing of the apiarist, the tools used about 
an apiary, and winds need not be feared as means by which the 
disease is spread. 

(16) Hives which have housed infected colonies need not be dis- 

infected and combs from such colonies are not a likely means for the 
transmission of the disease. 

(17) Bees dead of the disease about the apiary are not likely to 
cause infection, unless they serve to contaminate the water supply. 

(18) Nosema apis suspended in water is destroyed by heating for 10 
minutes at about 136° F. (58° C.). 
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(19) Suspended in honey, Nosema apis is destroyed by heating at 
about 138° F. (59° C.). 

(20) Nosema apis, drying at room and outdoor temperatures, re- 
spectively, remained virulent for about 2 months, at incubator tem- 
perature about 3 weeks, and in a refrigerator about 74 months. 
(21) Nosema apis was destroyed in the presence of fermentative 

processes in a 20 per cent honey solution in 3 days at incubator tem- 
perature and in 9 days at outdoor temperature. In a 10 per cent 
sugar solution it was destroyed in from 7 to 11 days at room tem- 
perature. 

(22) Nosema apis resisted putrefactive processes for 5 days at 
incubator temperature, for 2 weeks at room temperature, and for more 
than 3 weeks at outdoor temperature. 

(23) Nosema apis when dry was destroyed in from 15 to 32 hours 
by direct exposure to the sun’s rays. 

(24) Nosema apis suspended in water was destroyed by exposure 
to the sun’s rays in from 37 to 51 hours. 

(25) Nosema apis if suspended in honey and exposed to the sun’s 
rays frequently will be destroyed on account of the temperature of 
the honey which results from the exposure. 

(26) Nosema apis remained virulent in honey for from 2 to 4 
months at room temperature. 

(27) Nosema apis in the bodies of dead bees ceased to be virulent 

in one week at incubator temperature, in 4 weeks at room tempera- 
ture, in 6 weeks at outdoor temperature, and in 4 months in a refrig- 
erator. 

(28) Nosema apis in the bodies of dead bees lying on the soil ceased 
to be virulent in from 44 to 71 days. 

(29) Nosema apis is readily destroyed by carbolic acid, a 1 per cent 
aqueous solution destroying it in less than 10 minutes. 

(30) The time element which by the experiments is shown to be 
sufficient for the destruction of Nosema apis should be increased 
somewhat to insure their destruction in practical apiculture. 

(31) The prognosis in Nosema-disease varies markedly from excel- 
lent, in case of strong colonies with a comparatively small percentage 
of Nosema-infected bees, to very grave, in case of weak ones with a 
high percentage of infected bees. 

(82) From a technical point of view the results here given must be 

considered as being approximate only. They are, however, in most 
instances sufficient for practical purposes. 
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INTRODUCTION. 

In planning the experiments to determine the digestibility of 
edible fats it was early recognized that in order to be of greatest 
value the experiments with the different fats should be conducted 
under as nearly as possible identical conditions. Accordingly, the 
same experimental methods have been used throughout a series with 
40 or more edible fats to which the present study is the most recent 
contribution. These methods were quite fully discussed in the 
initial report of this series.2?, Asa result of this uniformity of method, 
the value reported for the digestibility of any individual fat dis- 
cussed is directly comparable with the figures obtained for the 
others. 

PREVIOUS INVESTIGATIONS. 

Papers have appeared from time to time, reporting the digesti- 
bility of such animal fats * as lard; beef fat; mutton fat (kidney fat) ; 
butter; cream; chicken, goose, brisket, egg-yolk, and fish fats; goat’s 

1 Prepared under the direction of C. F. Langworthy, Chief, Office of Biome Economics. 

2U. S. Dept. Agr. Bul. 310 (1915). 

3U. S. Dept. Agr. Buls. 310 (1915), 507 (1917). 

Notr.—This bulletin records studies of the digestibility of apricot-kernel oil, cherry- 

kernel oil, melon-seed oil, peach-kernel oil, pumpkin-seed oil, and tomato-seed oil. It is 

primarily of interest to students and investigators of food problems. 
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butter; kid, hard-palate, and horse fats; oleo oil and oleo stearin; 
ox-marrow, ox-tail, and turtle fats. Other papers have reported the 
digestibility of a large number of vegetable fats,! including olive, 
cottonseed, peanut, coconut, and sesame oils; cocoa butter; and al- 
mond, black-walnut, Brazil-nut, butternut, English-walnut, hickory- 
nut, pecan, corn, soy-bean, sunflower-seed, Japanese mustard-seed, 
rapeseed, and charlock-seed oils. The oils of such nuts as almond, 
black and English walnuts, Brazil nuts, and pecan are ordinarily 
consumed as constituents of the nuts in which they naturally occur, 
but with these exceptions practically all of the oils studied are com- 
monly separated from the materials in which they naturally occur 
before being used for table or culinary purposes. 

POSSIBLE RECOVERY AND USE OF BY-PRODUCT OILS. 

As a result of the enormously increased demand for fats and oils 
for both technical and edible purposes it has seemed desirable to 
make a study of the nature and value of fixed oils present in seeds 
and nuts not hitherto grown or utilized for the production of oil. 
For some time studies have been carried on by the Department of 
Agriculture to ascertain the commercial possibilities of recovering 
the fixed oils contained in many of the pits and seeds occurring as by- 
products of the fruit canning and drying industries. In 1908 Rabak ? 
reported studies on the chemical and physical characteristics and the 
commercial uses and value of the fixed and volatile oils which may be 
obtained from the peach, apricot, and prune kernels. He estimates 
that from 210 to 420 tons of peach-kernel oil (fixed oil) and from 350 
to 400 tons of apricot oil may be obtained from the by-product peach 
and apricot kernels produced in California alone. He also estimates 
that the amount of raisin-seed oil capable of being manufactured 
from waste raisin seed would be from 348 to 464 tons yearly. He 
states * that the possible commercial utilization of the waste cherry 
pits of a normal year’s output should yield 134 tons of fixed oil. In 
a recent paper the same author ° states that the quantity of oil capa- 
ble of being extracted from tomato seeds occurring as a by-product of 
tomatoes used for pulping purposes (catsups, etc.) would be about 
343 tons annually. 

From these findings it is apparent that the quantity of oil obtain- 
able from the pits and seeds occurring as by-products is not small. 
In order to make the recovery of these oils a practical proposition 
even in those localities where the pits and seeds are to be had in suffi- 

———] 

+U. S. Dept. Agr. Buls. 505 (1917), 630 (1918), 687 (1918). 
2U. S. Dept. Agr. Bur. Plant Indus. Bul. 1383 (1908), pp. 34. 

8U. S. Dept. Agr. Bur. Plant Indus. Bul. 276 (1913), p. 30. 

4U. S. Dept. Agr. Bul. 350 (1916), p. 16. 

5U, S, Dept. Agr. Bul. 632 (1917), p. 9. 
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‘cient quantities to obviate long hauls it apparently was necessary to 
find some use for the entire pit. 
The residue, commercially known as press cake, remaining after 

the expression of oil from peach, apricot, and cherry kernels, has 
much the same composition and nutritive value for stock feeding as 
the press cakes obtained from such oil seeds as soy bean, linseed, 
peanut, coconut, and cotton seed. Until very recently, however, the 

‘ outer woody portion of the pits seemed to be of little value except 
for fuel purposes. Experimental tests and large-scale use of the 
carbon produced from the woody portion of fruit pits showed quite 
conclusively that this carbon is valuable, especially for the manu- 
facture of gas masks. Thus, with a possible commercial demand 
existing for all portions of the fruit pits, it seemed desirable to give 
consideration to the utilization of these by-products. 
While the oils obtainable from waste pits and seeds are satisfactory 

for a variety of technical purposes, it is of course evident that if they 
can be commercially prepared so that they are satisfactory for such 
purposes they should be available for food. Especially is this true at 
the present when a world-wide shortage of fats and oils exists. Ac- 
cordingly, laboratory studies of the expression of oils from various 
kernels were made. The results of these studies showed that if care 
was observed both in the preparation of the pits and in the expression 
of oil from them a high-grade edible oil could be obtained. 

If the peach, apricot, and cherry pits were allowed to stand for 
any length of time in the moist condition in which they were re- 
moved from the fruits, fermentation developed and the oil which 
was obtained was usually not suited for edible purposes. On the 
other hand, it was found in laboratory procedure that if the peach, 
apricot, and cherry kernels were dried, ground, and expressed by 
hydraulic pressure (1. e., “cold pressed”), the oils obtained were 
perfectly satisfactory for table purposes without any refining other 
than merely filtering. The peach, apricot, and cherry oils prepared 
in this laboratory by the above procedure were of a bland flavor, and 
when mixed with vinegar and condiments made excellent French 
dressing. In view of these findings it was decided to determine how 
well these oils are tolerated by the human body and to what extent 
they are digested. Accordingly, a supply of a number of oils which 
may be obtained from the by-products of the canning industry was 
secured, and the coefficients of digestibility were determined in the 
same manner as those of the other edible oils reported in previous 
publications. 

DIGESTION EXPERIMENTS WITH MEN. 

The subjects who assisted with this investigation were men in good 
health, whose ages ranged from 20 to 40 years. In order that the 
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squad should represent an average group of persons of these ages 
an attempt was made to secure individuals who should represent both 
the active and athletic type of person and the less active type em- 
ployed at a sedentary occupation. The subjects were all students 
with sufficient understanding of nutrition and physiology to appre- 
ciate the necessity for strict adherence’to the directions given them. 
At the same time they were not informed as to the specific purpose of 
the experiments in which they were participating. 

In the case of the oils here discussed the quantities available for 
experimental purposes were insufficient to permit as large a number 
of tests as it has been the policy to make in such investigations. Ac- 
cordingly, only four tests were made with apricot-kernel oil, four 
with cherry-kernel oil, three with melon-seed oil, three with peach- 
kernel oil, two with pumpkin-seed oil, and three with tomato-seed oil. 

The test periods were of the customary three-day or nine-meal 
duration, and sufficient time elapsed between test periods so that the 
diets did not become too monotonous. During the periods which in- 
tervened between test periods the subjects secured their meals at their 
boarding places, and were thus afforded considerable variety in their 
diet. No record was made of body weight, but accurate weighings 
were made of the food served, the uneaten portion of food, and the 
feces resulting from the test diet. Both food and feces were analyzed 
to determine the percentages of protein, fat, and carbohydrate 
digested. 

The individual oil under consideration was fed in a special corn- 
starch blancmange flavored with caramel and vanilla to mask the 
nature of the oil present. This blancmange was served in conjunction 
with a diet containing a minimum of fat and consisting of wheat 
biscuit, oranges, and sugar. 

APRICOT-KERNEL OIL. 

Apricot oil, like many other oils obtainable from the pits of fruits, 
has been used little if at all in this country for edibile purposes. A 
study reported by Rabak? of the commercial possibilities of apricot- 
kernel oil indicates that the chemical and physical properties of this 
oil are quite similar to those of the more widely used oils, such as 
cottonseed, peanut, coconut, corn, and soy-bean oils. Tests of the 
digestibility of apricot oil seemed especially desirable, as no informa- 
tion regarding it was found in literature. 

The apricot oil studied in this investigation was obtained by cold 
pressing dried apricot kernels secured through the courtesy of M. E. 
Jaffa, of the University of California. The oil so obtained was of 
light-yellow color and free from any marked odor or taste. It pos- 

10. S. Dept. Agr. Bur, Plant Indus. Bul. 1383 (1908), pp. 34. 
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sessed the essential characteristics of a salad oil and mixed with 
vinegar formed a very agreeable salad dressing. In order that the 
coefficient of digestibility obtained should be directly comparable 
with those for other fats in this series, the apricot oil here used was 
incorporated in a blancmange rather than used in the form of a salad 
dressing; but there is no reason to suppose that the difference in the 
manner of use would make any appreciable difference in the di- 

gestibility. 
The following tables contain the essential data for interpreting the 

results of the digestion experiments with apricot oil: 

Data of digestion experiments with apricot oil in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. ent ey 
: P arbo- 

Water. | Protein. Fat. hydrate. Ash, 

Experiment No. 559, subject H. R. G.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Blanemange containing apricot oil-..---.- 1, 443.0 664.5 24, 155.3 588.0 10.8 
Mica DISCUIh ~~~ 2-2 - 22s sean enn 369.0 33.2 DEO 285.3 5.9 
LISTE = 385 ¢ SSR SBR A eee Sea esc. 442.0 384.1 §1.3 2.2 
UEBDE. 2 recs re coco sotoscoessbecssbes sed] eoncccsace|eseosecoselbessonoséel ca sodenue||basceasted[ent cece 

Total food consumed-..........-------- 2,254.0 | 1,081.8 924.6 18.9 
BUR eo 22 << o so sscopcconetesoreodeescece 8250552 525s -\3 43.5 5.9 

Aumonmbpmtilized 4222225. 2h¥itsl. 2. |esieaabeeh lee... 881.1 13.0 
Digestibility of entire ration (per cent) --|..........|......---- 95.3 68.8 
Estimated digestibility of oil alone (per 

ERED) coco ssc cnstecastossscenesocsees sacssseocel boc ncccatalbeccasosas bd \Jpcntadoted|bososeas 

Experiment No. 560, subject A. J. H.: 
Blancmange containing apricot oil--.-.-.-- 712.3 13.1 
WitntiDiscrites soso eo 2 2. ace-sicca~ | 13.9 23 
EGY oe eaaisccasoecssssscececeohcess 12.0 a) 
SS Cee eae e an see. ele scll APPS! O03 see ees ea Mowe age aS BIAOH heehee 

Total food consumed....-.....-------- 770.2 13.9 
PEL SS cccd 2 noe Coe OSES CHO o Eee nODeUBSoeS 29.8 7.3 

AMON tized... \sL 22. -fasce eles ee ess perdi cee era el| eae a ee chee : : 740.4 6.6 
Digestibility of entire ration (per cent). -.]__......../.........- } 96.1 47.5 
Estimated digestibility of oil alone (per 
COMB Joe eeaeee tase 4a. chee vocab een e|s sate tes ee ce ee ce See ee NOG IAs Pes chee eens 

Experiment No. 561, subject P. K.: 
Blanemange containing apricot oil....-.-. 869.2 16.0 
Wilie tia DISCHT bao oe ees wesc ccssesees = 286.8 5.9 
PRA URS. See c ease caccroeeeeccece 82.8 3.6 
Siodneees. Sepeemee cae sh. ost e eles SEI) WUD OU ee fees. s | ee. ek ee nO DTG eee eso 

Total food consumed...-..........----- 1,349.8 25.5 
CECE jane cincisinn see cecnes cesses 33.6 6.2 

ANTPOGYITT (UD LEGG I oe oe! tenes : : 1,316.2 19.3 
Digestibility of entire ration (per cent)--|_......... e i 97.5 75.7 
Estimated digestibility of oil alone (per 

Cone: se emew ste ree SSE eee See ass ae AO te ea cee OS eeerecs 

Experiment No. 562, subject C. J. W.: 
Blancmange containing apricot oil---- --- 906.3 16.7 
WHeAMBISCHit=] Bo ls2 tebe sdzsdecce: 331.6 6.9 
DST... {REBS= 2 eeee eeinaee 108.7 4.7 
SURES -. . eee. c GU SARA G nS” EOD Se eel om MENeT CoS) EH -.- ce) RE Sts Seat Paes sees 12.0) |2hereece 

Total food consumed..........-------- 1,418.6 28.3 
G0:S._.- Ses eso ee ee eee 45.3 7.0 

PENTA OUB EME LIN ZO ye aratiic'n darcle ein'e sis ceese|o--aosec's = : : 1,373.3 21.3 
Digestibility of entire ration (per cent). .|.......... ‘ : 96.8 75.3 
Estimated digestibility of oil alone (per 

(S011)\. Ae Se a ee ae sok ee be 98. Sal eee ace: | aasiesee 
Average food consumed per subject per day. 69.5 371.9 7.2 
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Summary of digestion experiments with apricot oil in a simple mized diet. 

Digestibility of entire ration. Estimated 

ci Rh a digestibil- 
Experiment No. Subject. 4 ity of purty 

‘ arbo- cot oi Protein. Fat, hydrate. Ash. alone, 

55OES C21 ENS SSS JERS IRE LS. eae ee 0 94 95 
DOO as Sone eanwete esses sees TAY Oe ee Sass 15.2 92.3 96.1 47.5 96.4 
DOU Sas soe ses ee secceec nshee PKG aes et ee 67.5 95.4 97.5 75.7 98.6 
G2 Peat esas Sokcectase oe et TS Wiel begs 66.3 95.1 96.8 75.3 98.8 

PAWV OTA LOSS se Nera e ec aes ees eee eos wae 53.3 94.4 96.4 66.8 98.4 

The coefficients of digestibility of the diet as a whole are compar- 
able to those obtained in other tests with edible oils, being 53.3 per 
cent for protein, 94.4 per cent for fat, and 96.4 per cent for carbohy- 
drate. On an average the subjects ate 23 grams of protein, 70 grams 
of fat, and 372 grams of carbohydrate daily, which had an energy 
value of 2,200 calories. The figure obtained for the digestibility of 
apricot oil alone, 98.4 per cent, indicates that this oil possesses a high 
nutritive value. In the tests referred to above, none of the subjects 
reported any unusual physiological conditions resulting from the in- 
gestion of apricot oil. The results of these experiments as a whole, 
therefore, would seem to indicate that a high-grade cold-pressed 
apricot oil may be freely and safely used for edible purposes. 

CHERRY-KERNEL OIL. 

When cherry kernels are subjected to pressure and “ cold pressed ” a 
light-yellow, bland, fatty oil is obtained. Lewkowitsch* reports that 
in South Germany cold-pressed cherry-kernel oil is used for edible 
purposes. He further says that the oil expressed at higher tempera- 

ture is used for soap making and illuminating purposes, but that 
cherry oil is not used as an adulterant of almond oil because of its 
tendency to become rancid. 

In discussing the value and uses of cherry-kernel oil for other than 
edible purposes, Rabak? states that since this oil closely resembles 
almond, peach, and apricot oil it should be well adapted for use in. 
pharmaceutical preparations. 

The cherry-kernel oil studied in the experiments here reported was 

obtained by expression from dried cherry pits which were secured 
through the courtesy of a large canning establishment. The kernels — 
were removed from the cherry pits by passing the pits through a 
mill having vertical grinding plates so set as to crack the pits without 
crushing the kernels. (The cracked pits were separated from the 

1 Chemical Technology and Analysis of Oils, Fats, and Waxes. London: Macmillan 

& Co. (Ltd.), 1909, vol. 2, p. 225. 
2U. S. Dept. Agr. Bul. 350 (1916), pp. 8, 17. 
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kernels, without crushing them, by mechanical means and finally by 
hand picking.) The cleaned, thoroughly dried kernels were ground 
(using the fine knife) with an ordinary household meat chopper. 
The oil was expressed from the finely cut kernels by means of a 
laboratory press which developed a pressure of approximately 2,700 
pounds per square inch and which was secured for the purpose from 
the Drug Plant and Poisonous Plant Laboratories of the Bureau of 
Plant Industry. The oil which was obtained in this manner was free 
from sediment, of a light-yellow color, and possessed a bland, fatty 
taste. When a sample mixed with vinegar and condiments was pre- 
pared as a French dressing, its origin could not be detected by those 
unaware of its source, though all agreed that the dressing was unusu- 
ally appetizing. 
The cherry-kernel oil was thoroughly mixed and incorporated in 

the usual cornstarch blancmange. The essential data resulting from 
the tests made with this oil are reported in the tables which follow: 

Data of digestion experiments with cherry-kernel oil in a simple mized diet. 

Constituents of foods. 

Experiment, subject, and diet. eee 

Water. | Protein. Fat. 

Experiment No. 673, subject A. A. F.: 
Blanemange containing cherry-kernel | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
TH 5. Seas SCE Beet ad AA GRe ees Smee canes 1,681.0 780.0 59.8 157.0 669. 2 15.0 

{MYST SCE Pe ee ies a a 345.0 31.0 36.6 5.2 266.7 5.5 
Ue eee isian veces oe esas 850. 0 738.7 6.8 1.7 98. 6 4.2 

STREET. /5e5 8 Ss Ie eae fh eae es he race IGE) |sensadoosciedaceecsed lee skadadas IEE HW Beceoooe 

Total food consumed.........--..----- 3,055.0 | 1,549.7 103. 2 163.9 | 1,213.5 24.7 
BCOS EEE e se caisiea nics ns eases scabies sa ae 6520) | Possess 18.0 10.6 8.8 

L SRTTSTN CEO ete Pee ae ol Pam 85.2 153.3 | 1,185.9 15.9 
Digestibility of entire ration (per cent)..|......-.--|--.-..---- 82.6 93.5 97.7 64.4 
Estimated digestibility of oil alone (per 
OBE) Se op AE ie IS eM a | ee ee eS 97.3 

Experiment No. 674, subject P. K.: 
pipicmanee containing cherry-kernel 

0 
Wheat biscui 
Fruit 
Sugar 

Total food consumed 
eces 

Aamo ieidZedes 5228 SEE E ES Ee ee | cents salle d te a =e oe 99.1 216.1} 1,341.7 22.7 
Digestibility of entire ration (per cent)--|.----.....|...-..-.-- 82.9 95.5 97.8 81.1 

Estimated digestibility of oil alone (per cent)|.-.-.-.-.-|-..--.----|---------- 98.3. RITE ee 

Experiment No. 675, subject J. C. M.: 
Blanemange containing cherry-kernel 

ol. -Mpees | 5 Sees see ee Re ee eee 2, 149.0 997.2 76.5 200.7 855.5 19.1 
Wiest Discuiiis. tec eos 282.0 25.4 29.9 4.2 218.0 4.5 

metepee . URE AEE TE hd 635.0 551.8 5.1 1.3 73.6 3:2 
‘STE 7 AE 3S 2 hei ae 192.0) | See t.. eeree l t ee ed 192) 0) |e ee 

Total food consumed.-...........----- 3,258.0] 1,574.4 111.5 206.8 | 1,339.1 26.8 
EES, RRR 2 ee cent ay a RR a (26:0) eee 2 be 22.8 9.9 5.9 7.4 

{ESTE TRA 0G Se a Ss Sa ed 88.7 196.3 | 1,303.2 19.4 
Digestibility of entire ration (per cent)..|.-.-.-....]-.--.---.- 79. 6 95. 2 97.3 72.4 
Estimated digestibility of oil alone....-.|...------- o- -OEetl eEeeE PSPS ae ee (eas eed 

—————— ee SS. eee eee OO 
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Data of digestion experiments with cherry-kernel oil in a simple mired diet— 
Continued. 

| 
| Constituents of foods. 

Experiment, subject, and diet. wWeiet 

Water. | Protein. Fat. Carbo: Ash. 

Experiment No. 676, subject A. A. R.: 
pplangmaves containing cherry “kernel | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 

epee Aaa Aiea piste ye te line Ee pela | 1,166.0 541.0 41.5 108.9 464.2 
Wheat DISCUIE is ae se tae oo as Be as 178.0 16.0 18.9 2.7, 137.6 2.8 
UG Aes ae de cemae te cee ne ses Ne cece | 1,263.0] 1,097.6 10.1 2.5 146.5 6.3 

PSE (e421 ge A Wa eect BR a eee | SVQ seer Ee aelcee ce see dls oP aS S150) | Sees 

Total food consumed.-......----------- | 2,738.0 | 1,654.6 70.5 114.1 879.3 19.5 
BOCES. me serte cule ame ante e ane ticle Sree DoS0) |eeee ere 18.1 7.9 21.2 5.8 

PAMIOUTE MITT ZOE ere see Meee ine ae cee eeels occa e ote eecsesictre 52.4 106. 2 858.1 13.7 
Digestibility of entire ration (per cent). .|..--....-.-|....--.--- 74.3 93.0 97.6 70.3 
Estimated digestibility of oil alone (per 

CONG es eee A eS EE ae be obtains of oe Sacre aera se seiepe le cee eeie O72 4s Stracat ee lasers 
Average food consumed per subject per day..| 1,022.7 521.2 33.7 59.2 400.3 8.3 

Summary of digestion experiments with cherry-kernel oil in a simple mized diet. 
> 

Digestibility of entire ration. Estimated 
digesti- 

Experiment No. Subject. pala f 
Protein. Fat. eae Ash, kernel 

: oil alone. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
BIR ae ne Ae ea eae, eine a ae PAV PACH os Rovers 82.6 93.5 97.7 64.4 97.3 
Ga Sai ahs owl Bea ae acs Kes Se 82.9 95.5 97.8 81.1 98.3 
G75 Alesse et fo cba art DRC ReMi ae 79.6 95.2 97.3 72.4 98.8 
(iG OCIS sr cis Mees Me a UO Nell Re ere 74.3 93.0 97.6 70.3 97.4 

INS STEALS ACA Mes yeni SON LA Oeil ea aa es, a 79.9 94.3 97.6 72.1 98.0 

Tt will be noted from the above data that the diet as a whole was 
quite well digested, the values obtained being 79.9 per cent for pro- 
tein, 94.3 per cent for fat, and 97.6 per cent for carbohydrate. On an 
average the subjects ate 34 grams of protein, 59 grams of fat, and 400 
grams of carbohydrate, which supplied 2,270 calories of energy. No 
attempt was made to ascertain how much cherry-kernel oil could be 
eaten daily without producing a laxative effect; but, since one of the 
subjects ate aproximately 74 grams daily for the three-day period, it 
seems apparent that the limit of tolerance for this oil is in excess of 
this amount. 

The high digestibility of cherry-kernel oil, 98 per cent, when con- 
sidered in connection with the pleasing appearance and flavor of the 
cold-pressed oil, warrants the belief that when cherry pits are ob- 
tainable in quantity they should prove a valuable source of a high- 
grade culinary or table oil. 

MELON-SEED OIL. 

While melon (cantaloup) seeds are not available in this country 
in sufficient quantities to be of commercial importance as a source of 
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oil, Lewkowitsch reports? that melon seeds form an article of com- 
merce on the Slave Coast and Gold Coast of West Africa. In studies 
of the relative commercial value of unutilized oil-producing seeds 
and nuts as possible sources of oil, H. S. Bailey, oil specialist of the 
Bureau of Chemistry, gave some attention to this oil. A sample of 
cantaloup-seed oil was expressed from cleaned, dried cantaloup seed 
in a continuous-process-expeller type of oil press under conditions 
approximating those of the commercial oil mill. The cold-pressed oil 
which was obtained was of a light-yellow color without characteristic 
odor or flavor. Since this oil seemed to possess the desirable char- 
acteristics of a table oil, it was decided to determine its digestibility, 
and accordingly three tests were made, the results of which are re- 
ported in the following table: 

Data of digestion experiments with cantaloup-seed oil in a simple mixed diet. 

Constituents of foods. 

Weight 
Experiment, subject, and diet. - oa | Ana 

ood. = arbo- Water. | Protein. Fat. hydrate. Ash. 

Experiment No. 891, subject G. S. M.: 
Blancmange containing cantaloup-seed | Grams. | Grams. | Grams. | Grams. | Grams. | Grams 

ule es Fe eT TT, Beso 1, 057.0 495.8 18.6 124.4 409.8 -4 
Wahteatibisctiite. 225-55. 2c e255 - cha on 120.0 10.8 12.7 1.8 92.8 1.9 
Lee 4 ie Bont SO eee Se see eee eee ae oe 1,153.0] 1,002.0 9.2 223 133.7 5.8 
SGP S16 scce See aeeeee BOE: Oe a neaee 203508 a eee = ois sect eiceeee Jeeeeeeeeee 20320 eases 

Total food consumed......-.-.-------- 2,623.0] 1,508.6 40.5 128.5 929.3 16.1 
CUBS 015048626308 t Beate eae SAapaee ase SOTO SEE EE Stee 10.3 2.9 23.5 2.3 

FATHOM TAEIUHIZeds 922. eee sa teal es AR ee 30.2 125.6 905. 8 13.8 
Digestibility of entire ration (per cent)--|.....-----|.--------- 74.6 97.7 97.5 85.7 
Estimated digestibility of oil alone (per 

COME) mere cae Sais eetebacccschescels cubes Sece enc tep = sce] ieske sees LOO Oa | Metre eevee siete 

Experiment No. 892, subject M. L. M.: 
Blancmange containing cantaloup-seed 

Ovine Coen ae ie eke etc es 862.0 404.4 15.2 101.4 334.2 6.8 
WMGR TE OISCHIL Season Sacco fas stenoses 231.0 20.8 24.5 3.5 178.5 3 2/ 

Tinges ecco SS age a eae ree aa ee peas 932. 0 809.9 7.5 1.9 108.1 4.6 
S10 Pease SoS U ROC nee ECE aneEeea 15020" || 22 ae. a oeeee ee ece|Eee oe ome 15050) | Saeee eee 

Total food consumed.............----- 2,175.0} 1,235.1 47.2 106.8 770.8 1520 
CEES eee soe de eek A EEE SYfe(W) | iob Lee 11.6 5.9 15.2 4.3 

pentanmitinuilizeds... USL icse.  22se sik) iG, LEC E A Soe). 35.6 100.9 755.6 10.8 
Digestibility of entire ration (per cent)..|..-.--.---|--- joosoeee 75.4 94.5 98.0 71.5 
Estimated digestibility of oil alone (per 
COME eee werie ae ae eh ws tie spicules es Z| Vases -caleaseuaceoe tsi IESE SEeSie oo aaceo 

Experiment No. 893, subject W. O’C.: 
Blancmange containing cantaloup-seed 

oil... . 1, 092.0 512.3 19.2 128.5 423.4 8.6 
Wheat piscuit- 179.0 16.1 19.0 2.7 138. 4 2.8 
WrUibee. 222k 1,221.0] 1,061.1 9.8 2.4 141.6 6.1 
Supers 2247... 52890 1) Agee oe S| RE ose ttt acl aaa = O20.O) tte eae ss 

Totalfood consumed..............---- 3,020.0] 1,589.5 48.0 133.6 | 1,231.4 17.5 
(BOGS... BARBS US eee ene ae eae 6320) -2eee ee. - 16.1 10.5 30.6 5.8 

PERL ORPEG LILI ZG (ieee hn leon names. calle Leeie = | ee 3 31.9 123.1] 1,200.8 11.7 
Digestibility of entire ration {per (72) 019) Peg aS Se Se 66.5 92.1 97.5 66.9 
Estimated digestibility of oil alone (per 

CVI). EM = 2s Lp oa MRS EY See ae 7 A PS el ee 2 SL Oa By a ae Ad ee 8 3 2 
Average food consumed per subject per day.. 868. 7 481.5 15.1 41.0 325.7 5.4 

1 Chemical ec eey, and Analysis of Oils, Fats, and Waxes. London: Macmillan & Co. (Ltd.), 
1909, vol. 2, p. 127 
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Summary of digestion experiments with cantaloup-seed oil in a simple maxed 
diet. 

Digestibility of entire ration. Estimated 
{ digesti- 

Experiment No. Subject. apie f 
Protein. | Fat. Ceteha |) | Ash. ||| iseediol 

hydrate. alone. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
SOLA BS AER EN ema thee 4d GaSaMess foes. 8 74.6 97.7 97.5 85.7 100.0 
BOD ee eps Guanes Cac IM. Tire Meee oa 75.4 94.5 98.0 71.5 97.8 
BOBR RACE NSE EER wee MOA CHE ee a 66.5 92.1 97.5 66.9 96.7 

IA Verdcols: CAMVee SNE UE eee e ae et to 72.2 94.8 97.7 74.7 98. 2 

The value 98.2 per cent obtained for the digestibility of the can- 
taloup-seed oil alone indicates that this oil is very completely di- 

gested. An average of 15 grams of protein, 41 grams of fat, and 
326 grams of carbohydrate, which supplied 1,730 calories, was eaten 
per man daily, of which 72 per cent of the protein, 95 per cent of the 
fat, and 98 per cent of the carbohydrate was digested, showing that 
the cantaloup-seed oil did not exert any unfavorable influence on the 
digestibility of the diet as a whole. The cantaloup-seed-oil blanc- 
mange was as palatable as the similar dishes prepared with other 
oils. It should be noted, however, that because of the hmited amount 
of cantaloup-seed oil available for experimental purposes, the actual 
amount of blancmange eaten daily by the subjects was considerably 
less than in most of the experiments reported in this investigation. 

The experiments here reported may, nevertheless, be considered as 

evidence that good quality cold-pressed cantaloup-seed oil is very 

satisfactory for edible purposes. 

PEACH-KERNEL OIL. 

The peach-kernel 011 which was studied in the experiments reported 
below was expressed under laboratory conditions. A liberal supply 
of peach stones was obtained from a large eastern fruit-canning 
establishment. The peach stones were shipped as soon as removed 
from the fruit, in the moist condition, and when they arrived at the 
laboratory they had commenced to ferment. The stones were imme- 
diately cracked by hand and the kernels carefully separated. These 
were slowly but thoroughly dried, after which they were finely 
ground with an ordinary meat chopper. The ground kernels were 
subjected to hydraulic pressure and an oil of a clear pale-yellow 
color with an agreeable nutlike taste, resembling in physical appear- 
ance highly refined cottonseed oil, was obtained. The oil was prac- 
tically free from sediment and received no treatment, other than 
filtering, before it was used. 
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Since the amount of peach-kernel oil available for experimental 

purposes was limited, only three tests with this oil were completed. 
The results which were obtained in these tests are included in the 

tables below: 

Data of digestion experiments with peach-kernel oil in a simple mixed diet. 

Constituents of foods. 

a 5 Weight 
Experiment, subject, and diet. of food (alata 

® « arbohy- 
Water. | Protein. Fat. nateee Ash. 

Experiment No. 724, subject P. K.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Blancmange containmg peach- -kernel oil. 1,751.0 757.0 7.6 219.4 693. 9 13.1 
\ineeyh settle GooaecsosssocneeosoBoseS 278.0 25.0 29.5 4.2 214.9 4.4 
INAH, - 6 So geogesseonsesaastecacocsneacr oae 500. 0 434.5 4.0 1.0 58.0 2.5 
SIGH cononscoessapsasoecucoasneeseneee Web ||. $obstided|leodcoossedlaccocbases WPS) |e cede ner 

Total food consumed...-.--.---------- 2,701.0} 1,216.5 101.1 224.6] 1,138.8 20.0 
CCN ea fe a afer eele lw eile alan =l<fel-im aim s/s) l=) = 1-1 PAU) \) Seo 8.6 17.9 48.6 6.9 

ACTOUM ITN Ze Most 2 2-2 Sa dee Sains cloi- oe o|- Meenek Sef Me ncicetee aie 92.5 206.7 | 1,090.2 13.1 
Digestibility of entire ration (per cent). -|..-...----|---------- 91.5 92.0 95. 7 65. 5 
Estimated digestibility of oil alone (per 

(Mi). she oncboesesoseeenee obeac gosesod|asodee dded|.-habeoued|sose--cso5 CBr e ese abosorclaokacssa 

Experiment No. 725, subject J. C. M.: at 
Blanemange containing peach- -kernel oil.| 1,743.0 753.5 67.3 218. 4 690.7 13.1 
Wheat biscuit 45.7 6.4 ‘ 9 
OT 5 Sue dsb Heonese gots 9.4 2.4 9 
SUPE ee Net ae ii Setaweraainee artic 

Total food consumed 
FEES a er eon Oa Re ie 8 ae I 8 eae 

Amount Utilized! £223: PERNA e ss SORE es tS 114.6 219.2} 1,234.6 18.5 
Digestibility of entire ration (per cent). .]....-..--.|..-.------ 93.6 96.5 94.9 71.4 
Estimated digestibility of oil alone (per 
CR yn docd deeb oOo COBE BABA O OOO e Dene aed seamencosa lasqemeacced ensacseeac TOON) ecancadae tosaeaco 

Experiment No. 726, subject A. A. R.: 
Blanemange containing peach-kernel oil. 800. 0 345. 9 30. 9 100. 2 317.0 6.0 
IWS DISC UIE ene eek ee te wet icisin ok 391.0 35. 2 41.4 6.9 302. 2 6.3 
IDG 48 SRS OS Seer Sa Ree SORE O ser ae eee 1,253.0} 1,088.9 10.0 2.5 145.3 6.3 
PERE ay as Ge A 9 OD a AAG) | OM eae Fare aT ee WK, O esbaccs 

Total food consumed .....-.-.-.-.----- 2,619.0 | 1,470.0 82.3 108. 6 939. 5 18. 6 
Iecerererse es. ). Wa key Pik ts ee ie eee 85.0) eee 28.0 14.1 33.5 9.4 

PAT OUINGMELIZEds SSE Eee. JNes e epee any Ry on Rae 54.3 94.5 906.0 9.2 
Digestibility of entire ration Ge Cent) eae oi: ail Leva 66.0 87.0 96. 4 49.5 
Estimated digestibility of oil alone (per 

(GEM)... don S Bega e Ogee OO Be Saat aE Sk aaa CAGeesees |S aemeeeo ce peoobraser O43) | eeeee eee oly ase eee 
Average food consumed per subject per day. 979.0 500. 2 34.0 62.3 375.4 7.2 

Summary of digestion experiments with peach-kernel oil in a simple mixed diet. 

Digestibility of entire ration. Estimated 
digesti- 

Experiment No. Subject. ey 
: . Carbohy- Pp . Protein. Fat. ate Ash. kernel oil 

: alone. 

Per cent. | Per cent. | Per cent. | Per cent.| Per cent. 
Poe oe a 5 EDA LA eee 2am 91.5 92.0 95. 7 65. 5 95.5 
Orman... Ler Teh AJ OF eines RT 93.6 96.5 94.9 71.4 100. 0 
(P4852 )— Jae es See Pe NAD ANCHE lau) eae 66. 0 87.0 96. 4 49.5 94.3 

PART OTAE Gyeramest meena are as cuteta Lid Mice a an 83.7 91.8 95.7 62.1 96.6 
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The results of three tests with peach-kernel oil show that the diet 

as a whole was well assimilated, the digestibility of the different 
constituents being 83.7 per cent for protein, 91.8 per cent for fat, 
and 95.7 per cent for carbohydrate. An average of 34 grams of pro- 
tein, 62 grams of fat, and 375 grams of carbohydrate, which supplied 
2,200 calories, was eaten per man daily. The subjects all reported 
that they felt in normal physical condition throughout the test period, 
which indicated that peach-kernel oil when included as a part of 
a simple mixed diet was well tolerated. The digestibility of peach- 
kernel oil alone, 96.6 per cent, may be considered as evidence that 
this oil is very well assimilated and would prove a valuable food oil. 

PUMPKIN-SEED OIL. 

The oil that is obtained by cold expression of pumpkin seeds is 
classified as a semidrying oil and is of a slightly greenish-yellow 
color. In South Russia this oil is prepared on a commercial scale 
by roasting the pumpkin seeds, after which the oil is hot pressed. 
Lewkowitsch * states that the hot-pressed oil is viscous, of a brownish- 
green color by transmitted light, and of a deep red color by reflected 
light. He further states that attempts to bleach and refine hot- 
pressed pumpkin-seed oi] have not met with success. 

While the amount of pumpkin canned at present is not large, both 
the output of the individual factories and the number of canneries 
packing pumpkin are increasing and the indications are that eventu- 
ally the available supply of pumpkin seed will be sufficient to war- 
rant commercial consideration. 

The pumpkin-seed oil studied in the tests here reported was ob- 
tained through the courtesy of H. S. Bailey, of the Bureau of 
Chemistry. It was prepared by cold pressing’a supply of pumpkin 
seeds obtained from a commercial canning establishment. It may be 
assumed that this oil was very nearly representative of high-grade 
pumpkin-seed oil of commerce. Since only a very limited supply 
of pumpkin-seed oil was available, only two tests were possible. The 
results which were obtained in these tests are reported in the tables 

following: 

1Chemical Technology and Analysis of Oils, Fats, and Waxes. London: Macmillan 

& Co. (Ltd.), 1909, vol. 2, p. 124. 
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Data of digestion experiments with pumpkin-seed oil in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. peleht 
Water. | Protein. Fat. tenes Ash. 

ExperimenteNo. 829, subject P. K.: Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Blancmange containing pumpkin-seed oil} 1,429.0 723.2 25.1 216. 4 456. 4 7.9 
WB AL DISCUI Geese cnn oceania a= 368. 0 33.1 39.0 5.5 284.5 5.9 
INFEM | .Qeriedas eabousoaeucors Sse oedsbo ode 318.0 276.3 2.6 6 36.9 1.6 
STUER S sodsgnedéadecseosesnadssasddsccsss PADS O)||= > doccsece||Soasoobssdosssaccbcd 236.0 |..-..--- 

Total food consumed...-..-.-.-...---- 2,351.0] 1,032.6 66.7 222.5 | 1,013.8 15.4 
GBS pepsadobodasobanssacobdScepeuac aaac G10) Bes see 18.2 11.1 26. 6 5.1 

AGTIO UIT AItHIZEd S. F222) she s-see fais ea) te ages ee -|Me et se ceeie 48.5 211.4 987.2} 10.3 
Digestibility of entire ration (per cent)..|......-...|-..--..--- 2 95.0 97.4 66.8 
Estimated digestibility of oil alone (per 

PREM). - coos soon oconsceousscseasascaosd|soccoseada|l. SeSecoged |essosscces S76) | Bebe enese. | Peete 

Experiment No. 830, subject G. S. M.: 
Blanemange containing pumnpkin-seed oil] 1,524.0 771.3 26.8 230. 7 486. 8 8.4 
Niheab DiSCuUlte cee sce eee close aia aie ci 231.0 20.8 24.5 3.5 178.5 3.7 
LOT OW FE be peOncl a AE OORBEEE CER oBOe TEE eae 632.0 549. 2 5.0 1.3 73.3 3.2 
STEEP s sococdondecosostaasaescscosesdesus AVA. ||- dbs cchod|esedcosoca|tosocetiece 445.0 }....--.- 

Total food consumed..-....------------ 2,832.0} 1,341.3 56.3 235.5] 1,183.6 15.3 
HHO COSH yee tf-f tas cabs oneiter silcpicitaceis NGO) |lesebecaces 26.6 11.9 43.2 9.3 

J\ns@\brOrF WURINE ANG cone aase eos oucdascod|4so¢ sobbed cospeoun. = 29.7 223.6 | 1,140.4 6.0 
Digestibility of entire ration (per cent). -|....-...--|-.-.-.---- 52.8 94.9 96.4 39.2 
Estimated digestibility of oil alone (per 
CRI Sine do db RRR OBES UREA er es Gencenne loedaeeerae > case scne paaeesnseo CHT (al eee TT ae (Perea se ae 

Average food consumed per subject per day - 863.8 395.7 20. 5 76.5 366. 2 5.1 

Summary of digestion experiments with PUL LOE) oil in a simple mized 
diet. 

{ Digestibility of entire ration. Estimated 
digesti- 

Experiment No. Subject. eee 

Protein. Fat. i aiden Ash. seed oil 
y r alone. 

Per cent. | Per cent. | Percent. | Percent. | Per cent. 
DOME Bese sels ol ciora eid TPR rec a ae 72.7 95.0 97.4 66.8 97.6 
SIO Fae as Leis aa a GUISE eed 52.8 94.9 96. 4 39. 2 98.7 

PACT AP OMS maine estesalle dc teemeinivee sce eisee 62.8 95.0 96.9 53.0 98.2 

In the two tests reported above the subjects ate 21 grams of pro- 

tein, (7 grams of fat, and 366 grams of carbohydrate, which sup- 
plied 2,235 calories of energy. Of the 76 grams of fat eaten daily 
74.5 grams was pumpkin-seed oil. As they reported no laxative 
effects resulting from this diet it may be concluded that the limit of 
tolerance for pumpkin-seed oil is in excess of 75 grams daily. The 
diet as a whole was well assimilated, for the digestibility was found 
to be 62.8 per cent for protein, 95 per cent for fat, and 96.9 per cent 
for carbohydrate. The value 98.2 per cent for the digestibility of 
pumpkin-seed oil implies that this oil is well assimilated. While - 
the supply of pumpkin-seed oil available was sufficient for only two 
tests, the results of these seem to justify the conclusion that pumpkin- 
seed oil of good quality would be a valuable food and possess a dietary 
value similar to that of better-known edible oils. 
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TOMATO-SEED OIL. 

While definite figures regarding the amount of tomato seed result- | 
ing from the commercial manufacture of tomato pulp and catsup 
are not available, it has been estimated by Rabak? that approximately 
1,500 tons of dry tomato: seeds could be obtained annually. Dried 
tomato seeds contain approximately the same proportion of fixed oil 
as such well-known oil seeds as cotton seed, soy beans, etc. Tomato- 
seed oil may be obtained by either extracting or pressing the tomato 
seeds. When the seeds are subjected to the action of such solvents 
as ether or carbon tetrachlorid, a pale greenish-yellow oil is extracted. 
Expressed tomato-seed oil is of higher quality and usually requires 
less refining, but a smaller yield is obtained. 
From a study of the physical and chemical characteristics of 

tomato-seed oil as compared with those of cottonseed, soy bean, 
sesame, and corn oils, it appeared to Rabak?! that tomato-seed oil 
should be equally useful and applicable to the same purposes as 
better-known oils of commerce. Accordingly, digestion experiments 
were here conducted to determine the digestibility of a well-refined 
tomato-seed oil prepared in the Bureau of Plant Industry labora- 
tories. 

This oil, which was of a brownish-yellow color, possessed a slight 
but quite distinctive odor and flavor. Both the odor and flavor were 
very completely masked when the oil was incorporated in the usual 
cornstarch blancmange. 

The results which were obtained in the three tests that were made 
of tomato-seed oil are recorded in the tables which follow: 

Data of digestion experiments with tomato-seed oil in a simple mixed diet. 

Constituents of foods. 

Experiment, subject, and diet. Ween 
% . Carbo- Water. | Protein. Fat. hydrate. Ash, 

Experiment No. 608, subject P. Kee , Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Blancmange containing tomato-seed oil.-| 2,142.0] 1,110.4 8 194.7 704.3 3.8 

359. 0 32.3 s) Bisset 5.4 277.5 5.7 
692.0 601.3 5.5 1.4 80.3 3.5 
L43304||. soee ee ca | nescence ck «(ee cee sae T4308 Sree 

Total food consumed.......----+--+--- 3,336.0 | 1,744.0 82.4] 201.5 | 1,205.1] 103.0 
TEC COS se Bes eee tea els clnants aioe en 79.0 |---------- 26.1 20.9 23.3 8.7 

Ja UAE oe cdoroeoesead=oeage4so: oc Wea 5sosa56e 56.3 180.6 | 1,181.8 94.3 
Digestibility of entire ration (per cent)..|.......... serial 68.3 88.1 98.1 91.6 
Estimated digestibility of oil alone (per. 

(HIF) Sse C oso Sa oe obou Hbooesaneaeessee|seedeecrbo|asodessoos| bococoose. BEES) |eSaocsscdalbceondas 

Experiment No. 609, subject J.C.M.: eaaswiy. | 7 OE [LO |e 
Blancmange containing tomato-seed oil..| 1,505.0 780. 2 27.2 136.8 494.9 65.9 
Wiheat biSCilt.coaceecens cemmace caceccets 306.0 27.5 32.4 4.6 236.5 5.0 
TR ries aaiee d see intern aoe ie rae 1,030.0 895.1 8.2 Ps 119.5 5.1 
ESTE Fee a a np a 1O32Onc ce ciece sal stece oe eee lass saeices 10350! |Paseeees 

Total food consumed.......-......--| 2,944.0 | 1,702.8 67.8 143.5 953-9 76.0 
CCAS! eke hie ee Be ee UB Oe ee CONE eters 28.9 12.4 41.0 8.7 

Amount utilized sees. oo ee See SIE se Re ee 38.9 131.1 912.9 67.3 

1U.S8S. Dept. Agr. Bul. 632 (1917), pp. 15. 
~o 
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Data of digestion experiments with tomato-seed oil in a simple mixed diet—Con. 

Constituents of foods. 

Experiment, subject, and diet. MIEN 

Experiment No. 609, subject J.C. M.—Con. Grams. | Grams. | Grams. Grams. | Grams. | Grams. 
57.4 91.4 95.7 88.6 

BEERS eee ee ee eee ed eee 97.5 eee Sees 

Experiment No. 610, subject C.J. W.: 
Blanemange containing tomato-seed oil.-| 1,960.0} 1,016.1 35.5 178.2 644.4 85.8 
Wiheat DIsCHIt.--stuereesl io. co sss e cial. 469.0 42.2 49.7 7.0 362.6 dao 
LVAEM ce See eee See Geneenedeador csr edacs 746.0 648.3 6.0 1.5 86.5 3.7 
SMa ree te See eccrecscwacitcccucssoe ASO). see 2 0a ee eae oe ARNON Memes 2 

Total food consumed.........-...----- 3,220.0] 1,706.6 91.2 186.7 | 1,138.5 97.0 
INGCES . o cont baud Gdn dhdacceooSAececgee BABE 10320) |. 22582: = 2 32.1 8.8 

PAATIGHTH ETIZet a Soe oo Stee cee em see Le ee oS aes 2 59.1 170.4 | 1,092.7 88.2 
Digestibility of entire ration (per cent)--|...-......].-..------ 64.8 91.3 96.0 90.9 
Estimated digestibility of oil alone (per 
QUE) acco necpoonoenendsececesSocqdo0c bace| |Soococsand sopecdaaed |ssecsoeene 96::64| soso eee 

Average food consumed per subject per day..} 1,055.6 572.6 26.8 59.1 366.4 30.7 

Summary of digestion experiments with tomato-seed oil in a simple mired diet. 

Digestibility of entire ration. Estimated 
digesti- 

Experiment No. Subject. Dilzty of 

Protein. Fat. Carbo- Ash. seed oil 
hydrate. Hae 

Per cent. | Percent. | Percent. | Percent. | Per cent. 
WOR Lag SSO er Ene ae ae 1 eee pe eae 68. 3 88.1 98.1 91.6 93.3 
COE CREME PEE cctak occdalie. CMe 2 5s eee | 57.4 91.4 95.7 88.6 97.5 
GA eae ee a Cod oWwWakescgees 64.8 91.3 96.0 90.9 96.6 

RV CTAVO mare ne eae cial a ac seee eck eccacme 63.5 90.3 96.6 90. 4 95.8 

In the tests with tomato-seed oil the digestibility of the diet as a 
whole was found to be 63.5 per cent for protein, 90.3 per cent for fat, 
and 96.6 per cent for carbohydrate. On an average, the subjects ate 
27 grams of protein, 59 grams of fat, and 366 grams of carbohydrate, 
the energy value of which was 2,100 calories. The subjects ate ap- 
proximately 57 grams of tomato-seed oil daily. In one instance, Ex- 
periment No. 608, subject P. K., an average of over 67 grams of fat 
or approximately 65 grams of tomato-seed oil was eaten daily. In all 
of the tests the subjects reported that they were in normal physical 
condition and so it may be assumed that tomato-seed oil is fairly well 
tolerated by the human body. 

DISCUSSION. 

The table beyond summarizes the results of the digestion experi- 
ments with oils expressed from apricot, cherry, and peach kernels, 
and from melon, pumpkin and tomato seeds, The figures reported 
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for the digestibility of the protein, fat, and carbohydrate of the en- 
tire ration and those reported for the digestibility of the oil alone 
are obtained by averaging the results of the individual tests with 
the different oils. . 

Summary of digestion experiments with by-products oils. 

Digestibility of entire ration. | 4 verage Be 

Number |—=—_—_—_________] amount | Digesti- 

Kind of oil. of experi- of oil bility 
3 Carbo- eaten per] of oil 

Protein. Fat. hydrate. ee per alone. 

Per cent. | Per cent. | Per cent.| Grams. | Per cent. 
§3.3 94.4 6.4 68 4 Apricot-kernel oil’... ......-.--/.--s--------- 4 9 98.4 

Cherry-kernel oil....2......-------------- 4 79.9 94.3 97.6 57 98.0 
Melon-seed oil........-----------2--------- 3 72.2 94.8 97.7 40 98.2 
Peach-kernel oil.........-.-2.2.-2-2--2---- 3 83.7 91.8 95.6 60 96.6 
Pumpkin-seed oil..........--------------- 2 62.8 95.0 96.9 75 98.2 
Momato-seed oils. 42sec eel 3 63.5 90.3 96.6 57 95.8 

The amount of oil consumed in the above experiments was not as 
large as in the early experiments of this series, but, as noted on 
page 4, this was due to an inadequate supply of the oils under con- 
sideration and not to the quality of the oil. The small supply of oils 
also limited the number of experiments which could be made. 
No attempt was made to determine the upper limit of tolerance of 

these oils, but since in these tests as much as approximately 80 grams 
of apricot-kernel oil, 74 grams of cherry-kernel oil, 43 grams of melon 
(cantaloup) seed oil, 73 grams of peach-kernel oil, 77 grams of 
pumpkin-seed oil, and 65 grams of tomato-seed oil was eaten by one 
of the subjects for three successive days without physiological dis- 
turbances being noted, it is safe to conclude that the limit of toler- 
ance is in excess of these amounts. 

The coefficients of digestibility of the by-products oils, 98.4 per 
cent for apricot-kernel oil, 98 per cent for cherry-kernel oil, 98.2 per 
cent for melon (cantaloup) seed oil, 96.6 per cent for peach-kernel 
oil, 98.2 per cent for pumpkin-seed oil, and 95.8 per cent for tomato- 
seed oil indicates that these oils are very well assimilated by the 
body and possess a nutritive value equal to that of other better 

known edible oils, such as cottonseed, corn, peanut, coconut, soy- 
bean, and olive oils. In general the experiments here reported indi- 
cate that as far as tolerance and assimilation are concerned apricot, 
cherry, and peach kernel, and melon (cantaloup), pumpkin, and 
tomato-seed oils, which at present are practically unutilized, are 
wholesome, nutritious foods, and should prove satisfactory for edible 
purposes. 

© 
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HISTORICAL REVIEW. 

Occasionally references to the alkali-forming bacteria are found 
in bacteriological literature. This group of bacteria has not received 
much attention, probably because under the ordinary conditions of 
‘plating their presence can not be detected, and as a consequence 
their rather wide distribution has been overlooked. 

The fact that alkali-forming bacteria are often present in market 
milk in large numbers was first brought to the attention of the 
authors during some studies (1) 1 on the bacteriology of raw and pas- 
teurized milk. At that time no suitable means were available for 
obtaining any exact figures on their numbers in market milk, so they 
were classed with the inert types of bacteria. Wolff (12) in a study 
of bacteria which developed in milk found nonliquefying short rods, 
colonies of which resembled those of the colon-aerogenes group. 
These organisms were strict aerobes which produced neither acid nor 
gas but turned milk alkaline without any other change. Shippen (10) 
also found organisms, in the milk supply of Baltimore, which gave an 
alkaline reaction in milk without peptonizing or coagulating it. He 
found that these organisms in cultural reactions closely resembled 

1 The numbers in parentheses refer to ‘‘ Literature cited’ at end of bulletin, 

104410°—19—Bull. 7821 
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Bacillus fecalis alkaligenes of Petruschky, also Bacillus No. 66 
described by Conn (4). B. fecalis alkahigenes described by Petru- 
schky (8) is well known as an organism which turns milk distinctly 
alkaline without producing any other apparent change. ‘This is the 
characteristic reaction of the alkali-forming group of bacteria which 
separates them distinctly from other organisms which turn milk 
alkaline and cause peptonization at the same time. 

Seiffert and Wymer (9) in 1912 reported alkali formation in litmus 

medium caused by bacteria which used proteins only to the smallest 
extent for this reaction, the chief source being citric acid and lactic 
acid produced by cleavage from the lactose. Both of these acids 
were decomposed to the alkali carbonates or bicarbonates. 

Unfortunately it has been and still is the custom of most bacte- 
riologists to consider all organisms which produce an alkaline reaction 
in milk as alkali-forming bacteria. It is generally assumed that the 
alkaline change is due to the formation of ammonia which is formed 
from the decomposition of the protein. Consequently when the 
alkali-forming bacteria are mentioned, the ammonia-producing, 
peptonizing types are usually brought to one’s mind. Since the 
alkali-forming bacteria as they are considered in this paper include 
only those bacteria which produce an alkaline reaction due to the 
formation of carbonates or bicarbonates, it is necessary to define the - 
limits of this group. 

DEFINITION OF THE ALKALI-FORMING GROUP OF BACTERIA. 

The alkali-forming bacteria are characterized by ability to pro- 
duce an alkaline reaction in milk without visible signs of peptoni- 
zation. ‘This reaction is due to the oxidation of the salts of the organic 
acids present in milk to alkaline carbonates. In litmus milk the 
alkaline change is usually noticeable within 5 days when incubation 
is at 30° C. Often the change may be seen in 48 hours and occa- 
sionally a period of incubation longer than 5 days is necessary before 
it appears. 

CAUSE OF THE ALKALINE REACTION IN MILK. 

The alkaline production in milk during a period of 7 days’ incuba- 
tion at 30° C. is believed to be due almost entirely to formation of 
alkaline carbonates from the oxidation of the salts of organic acids, 
presumably citric acid, since fresh milk was used. This belief is 
based on the following facts: First, it was found that a number of 
the cultures tested used up all the citric acid in milk within a period 
of 7 days when incubated at 30° C., during which period the milk 
changed to reaction toward the alkaline side; and second, only a few 

cultures produced any ammonia in milk during a period of 7 days’ 
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incubation at 30° C. and even then there was not a sufficient amount 
formed to affect the titration appreciably. 

That citric acid was used up as the reaction became alkaline is 
shown by the results in Table 1. Since culture No. 12 was the only 
one which could produce even a trace of ammonia during incubation 
for 7 days at 30° C., it is assumed that the alkaline change of about 
16 cubic centimeters tenth-normal alkali was due to the production of 
carbonates resulting from the oxidation of the citric acid. Itmay be 
observed, however, that in order to account for the alkaline change it 
would be necessary to oxidize to carbonates about one-half of the citric 
acid actually found to have been used up. Since the quantity of 
citric acid fermented, if calculated as carbonate, would be about 
twice as much as is necessary to account for the reduction in acidity 
of the milk, it seems evident that about one-half of the citric acid is 
oxidized to carbonates while the remainder is probably converted 
into other organic acids and is not carried so far as the alkaline 
carbonates. 

TasBLeE 1.—Alkaline change in milk due to oxidation of the citric acid. 

Titration (N/10 NaOH Citric acid in 100 ¢.c. | Citric acid 
per 100 c. c. of milk). Alkali ofmilk. | necessary 

. Chemeak to produce | Citric acid 
(c.c. of N/10 enough | fermented 

Culture No. fiealeper carbonate | but not 
After Ge a After to account | oxidized to 

Control. 7 days’ f anes Control. 7 days’ |foralkaline} carbonates. 
incubation.| 01 MU. incubation.| change 

in milk 

Cre: C.c Cre. Gram. Gram. Gram Gram 
770) 8 ee ee 0 ee 19. 20 2.70 16.5 0. 2013 0.0 0. 1056 0.0957 
Waceteeas vesseore 19. 20 3.20 16.0 - 2013 0.0 1024 - 0989 
MSO SITE at) 19. 20 2.60 16.6 . 2013 0.0 1063 - 0950 

The citric acid was determined according to the modification of 
Beau’s (3) method. Denige’s reagent was used but changed slightly 
as follows: To 50 grams of red oxid of mercury in 500 cubic centi- 
meters distilled water add 110 cubic centimeters of concentrated 
sulphuric acid little by little and shake well until the solution is 
complete; dilute to 1 liter, heat to boiling, and filter when cold. The 
method of analysis was as follows: Place 50 cubic centimeters of milk 
in a 200 cubic centimeter graduated flask, add 75 cubic centimeters 
distilled water and 50 cubic centimeters of reagent, agitate gently, 
fill to mark, and mix well. Allow to settle and filter through a dry 
Swedish filter 12.5 centimeters No. 0 until only a faint opalescence 
remains. Then oxidize 100 cubic centimeters of the filtrate which 
corresponds to 25 cubic centimeters of milk at 75° C. by adding 1 per 
cent solution of potassium permanganate drop by drop until the 
precipitate acquires a light-brown color and settles rapidly. About 
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4.5 cubic centimeters of permanganate solution is sufficient. After 
boiling from 1 to 2 minutes the precipitate becomes almost white. 
If the precipitate remains colored, add from 2 to 3 drops of hydrogen 
peroxid solution and shake well 1 or 2 minutes. When cold, filter by 
weak suction in a Gooch crucible, wash with distilled water, once 
with alcohol, dry at 100° C., and weigh. The weight of the precipitate 
multiplied by 0.271 equals anhydrous citric acid. The method is 
accurate in milk, as shown by the fact that triplicate determinations 
upon a sample of milk gave the following results: No. 1, 0.2246 gram, 
No. 2, 0.2270 gram, and No. 3, 0.2285 gram of citric acid to 100 
cubic centimeters of milk. The amount of citric acid found in the 
three analyses differs only by 4 milligrams. 

That ammonia played little or no part in causing the alkaline 
reaction, especially during the first 7 days of the incubation, is shown 
in Table 2. Experiments were carried on to determine the amount 
of ammonia produced after periods of 7, 14, and 30 days of incubation 
at 30°C. Three sets of tubes of skim milk were inoculated with 
cultures of the alkali-forming bacteria and the ammonia was deter- 
mined together with the reaction of the milk in each of the sets after 
the various periods of incubation. Each tube of milk contained 10 
cubic centimeters and was marked so as to show the total volume. 
The amount of water lost by evaporation was made up at the time 
of the determination of ammonia and acidity. Five cubic centimeters 
or one-half of the 10 cubic centimeters was then removed for the 
ammonia test and the remaining 5 cubic centimeters portion was 
then titrated in order to determine the reaction. The ammonia was 
determined by the Folin method (6) with 0.2 cubic centimeter of oxyl 

alcohol added to prevent foaming. When the quantity of ammonia 
and the change in reaction of the milk was known, it was possible 
to calculate the amount of change in reaction due to the ammonia 
formed, and the difference between that and the total change was 
assumed to be due to formation of sodium carbonate or bicarbonate. 

As may be seen from the results in Table 2, the reduction of the 
acidity in 58 of the 68 cultures during the first 7 days’ incubation 
was due entirely to the formation of alkaline carbonates. In 10 
cultures there was slight amount of ammonia produced, which as 
the results show accounted for only a very small part of the alkali 
produced. Generally speaking, the small amount of ammonia pro- 
duced by the alkali-forming bacteria shows that the reduction of 
acidity in milk after 7 days at 30° C. was due almost entirely to 
carbonates or bicarbonates. 



ALKALI-FORMING BACTERIA FOUND IN MILK. 

“£
YI
PI
O’
 

UI
 

OS
WL
YO
 

9
1
 

IO
j 

Sy
uU
N0
0I
e 

U
Y
}
 

JW
os

or
d 

F
E
N
 

eI
OT

Y 
z 

‘[
OI

JW
OO

 
UT
 

U
L
)
 

®A
LN
 

Ss
e'

T 
7 06 °LT 06 'T 0S'6E ; 02'S +; 99°L | 06° 00 0% (7) | 00°02 | 00°% +) 92° £0" OF 9T (1) 1 0F'9T | 09°9 +] 09° 10° 

68 
FT 

Th 

| 
O8'2ZT 

| 
OG 

+] 

22'OL 

| 
02'T 

0S 
LT 

0S" 

00°8T 

| 
00°F 

+] 

T1°¢ 

09° 

09 
0 

(x) 

| 
09°06 

| 
OFT 

+] 

ST"E 

| 
98° 

09 
“61 

(1) 

| 
086 

| 
OFS 

+] 

40° 

ro" 

02 
61 

() 

0261 

| 
08'S 

+) 

TS: 

90° 

08 

61 

(i) 

| 
08°6L 

| 
06°32 

+] 

09° 

10° 

(z) 

ISL 

|0¢°9 

| 
O8ST+] 

TL°2T 

| 
80°% 

G6 
‘OL 

Go'e 

0Z'PL 

| 
O82 

+] 

626 

| 
ST'T 

OOS6 

Te 

SES 

00°6T 

| 
00° 

+] 

92°F 

0S" 

PhS 

96°6 

| 
O8 

TE 

| 
02 

OI+] 

GE0Z 

| 
68% 

G6 
31 

GPS 

OF 
ST 

| 
09°9 

+) 

EP's 

66° 

7 

Pages 

OF°OL 

| 
09°¢ 

+] 

ST's 

| 
zg" 

09 

8 

02'T 

O8'6L 

| 
02'S 

+| 

2F°9 

92° 

OF 
0G 

(1) 

| 
0F'0@ 

| 
09°T 

+) 

86°% 

Ge 

OD 
Vrs 

|Reeeoes= 

09°3E 

| 
OF'6 

+| 

F6° 

IT’ 

OF 
02 

(1) 

| 
0706 

| 
O9°T 

+] 

FEF 

Tg" 

OF 
0G 

(1) 

| 
OP 
'0@ 

| 
09°T 

+) 

82°T 

cI" 

O0STGeF 

es 

00°12 

| 
0O°T 

+] 

ITT 

e1° 
(z) SGaliep es ens 03 GF+] 99°9 bye 00°T (i) 00 °T 00°1Z+| 00°F ie (Beh fPoeses “1 OS TL | 0G°OT+] TS” 90° 

09 

ST 

OFT 

00°02 

| 
00° 

+| 

18°9 

| 
08° 

GT 
61 

Go" 

OF 
6E 

| 
09'S 

+| 

89°F 

Gg° 

(KITES 

= 
PEs 

seers 

02 
‘ST. 

| 
08°E 

+] 

Eo°T 

SL" 

00°02 

() 

00°06 

| 
00° 

+| 

00°F 

Ly 

02 
61 

Gz) 

| 
0@°6E 

| 
08° 

+) 

9E°T 

9T° 

OF 

TL 

"7 

""") 

OF 

IT 

| 
O9°OT+] 

(1) 

(Go) 08 61 (1) | 08°61 | 02°% +] G2 iam 0% 0 (1) | 06°0G | 08° +) TIT el’ 09ST (1) | 09°ST | OF'9 +] 2O'T Alea 00 IZ (x) | 001% | 00'T +) 99°% 08° 00°12 (1) 00°12 | 00°T +] 10% 96° G6 8ST G0" 00°6T | 00°S +] FEF Ts" 

02 
81 

OFT 

09°6T 

| 
OFS 

+] 

18°9 

08° 

09 
02 

(7) 

| 
09°06 

| 
OFT 

+ 

€¢°T 

81° 

Oe 

Peeee 

"1 

03 
'FLE 

| 
O82 

+] 

F6° 

IL" 
ST 61 GG" OF '6E | 09°% +] 48°F 1g" OF 0G (1) | OF 02 | 09°L +] 98°T 91° CO ii Pe O9"'FL | OF'L +| EST 81° OF 02 (1) | OF 0% | O9'T +] G2°¢ bP 09 06 (1) | 09°06 | OFT +] ¢s° He OF 61 OP | OTs a Co" 

6 
06 

co" 

00°1S 

| 
00'T 

+] 

19°F 

eg" 

00°61 

(1) 

| 
00°6L 

| 
00°€ 

+) 

99°2 

iis° 

CONST 

Sie 

ess: 

09°ST 

| 
OP'S 

+1 

1¢°% 

| 
98° 

GT 
LT 

G9" 

O$'SL 

| 
02° 

+| 

FL 

| 
48° 

00 
6T 

(7) 

| 
006. 

| 
00°€ 

+) 

96°T 

CG" 

(COG 

eee 

| iainmaae 

00°S 

=| 
00°Z4T+] 

61°T 

PI° 

GLO 

c0'% 

| 
O8'8T 

| 
02°e 

+] 

262 

£6" 

09.02 

(1) 

“| 
09°0@ 

| 
OFT 

+] 

90° 

9g: 

Ogg 

= 

_jReecs 

"1 

06°S 

| 
08 
9T+| 

8a'T 

cI" 
01°81 06° 09°6T | OFS +1969 | OL° 02 02 OF" 09°02 | OFT +| F6"F sc" 0002 (1) | 00°0% | 00°% +] 22° (oe 

6L 
FI 

IPS 

|-02°8E 

| 
08° 

+] 

22°0T 

| 
02°T 

C8 
"ST 

cee 

=| 
06 

6T 

| 
08'S 

+1966 

| 
ZT 
T 

OF 
ST 

(i) 

| 
OF 

6E 

| 
09° 

+] 

89°e 

| 
GF’ 

S0°ST GL'T 08°6L | 02:3 +] Tr'L 18° 02 0% OF 09°02 | OFT +) 76°F 8g" 00 ‘TZ (1) | 001% | 00°T +] ¢¢°% 0g" 

(2) 

98°6 

|96°6 

| 
O8'ZI+] 

0612 

| 
6F'% 

6r 
OT 

ISP 

00°ST 

| 
00°2 

+) 

COIL 

| 
OFT 

GP 
OT 

6° 

Or'2ZE 

| 
09°? 

+] 

28°¢ 

| 
69° 

06 
02 

OL’ 

00°12 

| 
00°L 

+] 

09°F 

ie 

09 
TZ 

(1) 

| 
091% 

| 
OF’ 

+] 

26's 

9F° 

08 
IZ 

(1) 

| 
081% 

| 
02° 

+] 

22% 

oe" 

(z) 

98°6 

|09°9 

| 
OF'SI+] 

0212 

| 
6F'% 

pr 
OL 

91'F 

09°FT 

| 
OF°2 

+] 

ESTE 

| 
get 

G0 
61 

oT" 

02°6L 

| 
08'S 

+] 

19°F 

es" 

(z) 

786 

«| 
00'S 

=| 

OO'ZI+] 

ZI1e 

| 
BFS 

69 
OT 

IGF 

02ST 

| 
089 

+] 

26°TL 

| 
OFT 

OL 
61 

06 
"0 

00°02 

| 
00° 

+] 

62°S 

890 

Ape Spalpsemaceaecosase syed poy ZGhO) leer tae eae al jez caelnocny) SINOGs0) salem scree ale alleen all MOORGCate | Oe 030 

4) 

70) 

oy) 

v8) 

i) 

59) 

9) 

O 

OT 

4) 

70) 

"9 

Oo 

2 

+9) 

i) 

7) 

2°9 

“BI 

“%5) 

0 

a) 

70) 

9) 

Oo 

"9 

v9) 

4) 

v0) 

bn 

2 

6) 

; 

: 

*OHOLG 

5 

: 

9:0 

|. 

; 

0'0G 

SOOH®N| 

. 

[O14 

®OOHtN| 

. 

Jor} 

©OOHtN] 

. 

[ory 

IO 

"HN 

| 
-10d 

|...) 

|'2°200T 

| 
Nid 

Io 

TES 

| 
ae 

ff 
ccs, 

RMON 

pan 

qo 

“HN 

| 
-1109 

| 
5-9 

|2/200T 

|. ma 

el 

"OO"N 

| 
ong 

|, 
ZI 

| 
oor 

ut 

| 
per 

| 
SOON 

| 
ong 

| 
MOH 

| 
oor 

wt 

| 
por 

| 
SO9N 

| 
ong 

| 
ZF 

| 
oor 

ot 

| 
Apoat 

CNG 

osteyO 

ul 
Aqt 

nee 

-jexjneu| 

°F 
°C 

esueyo 

ut 
Ayr 

ae 

-eryneu| 

°F 
OCA 

esueyo 

ut 
Ait 

ae 

-[erjneu 

“POV 

| 

sy 

5OS°H 

“POV 

| 

sy 

10SH 

3 

“PPV 

| 
ey 

10S 

“ON 

01N]4IND 

"HN 

| 
oy/N 

"AN 

| 
oF/N 

HN 

| 
oF/N 

“AqIploe 

JO 

WOTIONpery 

0°D 

-AqIptoe 

Jo 
wornonpery 

ie) 

“AqIploe 

Jo 

WOON 

per 

ee) 

“shep 

0€ 

“SABD 

FI 

*sABD 

2 

| 

D 006 70 pajnqnows yw unys ur Uovjanpo.d YoOYIp—'% ATAVL, 



BULLETIN 782, U. S. DEPARTMENT OF AGRICULTURE. 

“p
on

ul
ju

oj
—‘

/)
 

o0
F 

1D
 

pa
yp

qn
ow

r 
y
y
w
 

wa
ys

 
UL
 

Uo
Yy
on
po
ld
 

YO
Y 

p—
'%
 

AI
AV

]L
, 

G6 "ST 
G0" 

00'S 
1
 0O°L 

+; 
26°2 

€6° 
08 ‘ST 

(1) 
08'S 

|
 02° 

+) 
2O'T 

(4 i 
06 TT 

(1) 
0Z'IL 

|
 08°OT+); 

08° 
Me 

g
e
o
m
e
 
S
a
i
s
i
e
 Tr 

(z) 
9
1
6
 

0
8
S
 

02 
9
T
+
]
 
10°02 

+} SEs 
66 

SI 
1
6
%
 

0G 
ST 

|
 0
8
9
 

+] 
02°6 

80°T 
09 

9T 
(1) 

09°9L 
|
 O
F
S
 

+] 
0
8
%
 

i
G
 

P
e
a
s
e
 
Berita 

Sige e
r
 

GT LT 
cP 

09°8E 
|
 OP'S 

+] 
06°9 

18° 
09 

ST 
(1) 

09°8T 
|
 OP'S 

+] 
€8°S 

Gr: 
0
0
6
 

(1) 
00°6E 

|
 00°E 

+] 
€S°T 

OE 
R
O
R
 S
e
e
 e
e
s
 GPL 

Gs" 
ce" 

02°F 
08°ZT+] 

20S 
6S" 

08 
FI 

(rt) 
|
 OS'PL 

|
 02°2 

+] 
9E°T 

91° 
00°6 

(1) 
|
 00°6 

00°I+] 
96°T 

CCE 
pe 

coe 
r
c
h
 

IFT 
0$ 

9T 
06 °T 

OF SE 
|
 09°S 

+] 
99°2 

06° 
09 

81 
() 

09°8T 
|
 OP's 

+) 
89° 

80° 
03 

ET 
() 

0Z°&E 
|
 08°8 

+] 
90° 

OGtdned 
|
 ot 

ee 
aacrk 

--" 
OFT 

61ST. 
ars 

OF'ST 
|
 09° 

+] 
88° 

91 T 
G9 °LT 

GL: 
OF'ST 

|
 09°e 

+] 
eg°¢ 

G9" 
00°61 

(1) 
|00°6E 

|
 00°g 

+] 
E1°2 

Go" 
Fe 

SIS 
Te Ea

t
 siele “681 GL 

°9T 
c0°% 
O8’8E 
|
 

06° 
+| 
262 
&6° 
08 
‘ST 
(1) 
0f°8T 
|
 

04° 
+] 
00°F 
LP° 
08 
01 
(1) 
|
 

08°OL 
|
 

0G 
IT+] 
S1°¢ 
PARES 
aa 
C B
o
a
g
 

e
e
 

ace 
Sel 

(ge) 
O
M
e
 

2e= 
09°68+] 

22 °% 
oS" 

0F 8 
(1) 

OF 8 
09 

SI+}] ZO°T 
(ae 

00°2 
() 

00°2 
00°ST+] 

02°T 
(V4bie 

1) Raa r
e
e
 

S
O
T
 

6
0
°
 

Ts'¢ 
09°9T 

|
 OFS 

+] 
68°OL 

|
 2
2
 T
 

06 ST 
OL'T 

00°ZT 
|
 00°S 

+) 
T°9 

CL: 
08°21 

08° 
09°2ZE 

|
 OFF 

+] 
LL°P 

OG 
aise sess 

Seeraas 
-- OST 

Ge-L1 
cr 

O8°4T 
|
 06°F 

+] 
6
1
9
 

19° 
08 

8T 
(1) 

O8°S— 
|
 02'€ 

+) 
S¢°% 

08° 
OF 61 

(1) 
OF 

6E 
|
 09°S 

+] 
98'T 

[eee 
P
e
e
t
e
 

ee eco aise ==ceT 

OF 61. 
(1) 

|
 OF 6

 
|
 09°C 

+! 
92°F 

0g" 
02 °9T 

08° 
00°ZT 

|
 00°S 

+! 
LL°h 

9¢° 
1G ST 

6S" 
O
G
L
 

|e) 
SE 

e
g
 

|
 rage 

|Peessessocacrsecs 
“PET 

00 6T 
(1) 

|
 00°6L 

|
 00°e 

+] 
00°F 

Lp 
OF 6T 

(1) 
|
 OP '6T 

|
 09'S 

+] 
99° 

cP 
06 ST. 

0s" 
O
P
E
 

|
 OO 

aH 
Tee 

|
 pe 

Pe eesseeesaeceors 
“EST 

$6 GL 
90°F 

0O°ZE 
|
 00°S 

+] 
€eIL 

|
 €eT 

GZ “OT 
cet 

09°41 
|
 OFF 

+] 
9¢°9 

Dike 
00 °6T. 

(1) 
|
 00°6t 

|
 00°g 

+] 
06°% 

Fiera 
a
r
 e
a
e
 

ere 
e
e
 ZEl 

09 "ZT 
OFT 

00°6E 
|
 00°§ 

+] 
T8°9 

08° 
02 61 

(1) 
|
 02°6T 

|
 08° 

+] 
6I'T 

tL° 
00 GT. 

(1) 
|
 00°CE 

|
 00°0T+] 

$8" 
(0) F

S
 
P
e
e
 

e
e
e
 eer 

ee T&S 
00ST. 

OFT 
OF'6E 

|
 09°% 

+] 
18°9 

08° 
02 61 

(1) 
|
 06°6E 

|
 08° 

+] 
99°¢ 

er 
09 61 

(1) 
|
 09°6E 

|
 OF'@ 

+] 
FE" 

VO S
e
e
s
 
e
e
e
 
e
e
 

“O8T 

08°61 
(1) 

|
 08'6T 

|
 02°% 

+] 
28°T 

(aa 
00°6T 

(x) 
|
 00°6T 

|
 00°E 

+] 
O
L
 T
 

(
i
 

02 6
 

(1) 
|
 00°6T 

|
 08° 

+) 
82°T 

Gite: 
pr 

sen 
G e

e
e
e
e
 
“SEI 

09 °9T 
00% 

09ST 
|
 OPE 

+] 
E82 

|
 26° 

00°2T 
OF" 

OF'LT 
|
 09°F 

+] 
F6°h 

8g" 
00°8T 

(1) 
|
 00°8E 

|
 00°F 

+) 
TTT 

€L- 
e
a
e
 

Sees 
“
9
 

08 9T 
00% 

OS "SE 
|
 02°S 

+] 
E
8
2
 

c6" 
OF ST 

(1) 
OP ST 

|
 09°E 

+] 
06°C 

re 
02 6I 

(1) 
02°61 

|
 08°S 

+) 
€F° 

GO a
e
s
 |
 Cee 

ere 
e
e
e
 

-°CCT 
Go LT 

c6° 
02'8E 

|
 08° 

+] 
G0°9 

we 
08 8ST. 

(x) 
|
 08°8T 

|
 02's 

+] 
26°e 

oF" 
00°81 

(x) 
|00°8T 

|
 00°F 

+] 
e1°% 

Gergen 
lies 

be e
a
e
 

“FOL 
(z) 

968 
00° 

0061+] 
S9°8T 

|
 61% 

Go'°6 
S
I
 

OF 
ZI 

|
 09°6 

+] 
09°6 

eI 
T 

08 91 
(} 

08°9L 
|
 02'S 

+/ 
26° 

OPE 
b
e
s
e
 

=
 
R
S
 
Al 

62 
OT 

Th Z 
O8'8— 

|
 06° 

+] 
Z¢° 

00°T 
GL°8T 

| 
$8" 

"09°61 
|
 OF°% 

+] 
02°¢ 

19° 
06 

ZT 
OTT 

00°6T 
|
 00"E 

+] 
ST'9 

re? 
Pog 
e
e
e
 

n
e
 S
o
 

“CCL 
00 °8T 

@) 
00°SE 

|
 00°F 

+] 
04°T 

02° 
00 9T 

() 
|
 00°9T 

|
 00°9 

+] 
60°F 

Sh° 
03 

TL 
081 

08°ZI 
|
 00°6 

+] 
2
9
 

OAC S
n
 |
 (2 peaetenacauneeintse 

I@1 
6e°S 

IG'8 
O9°SE 

|
 OF'8 

+] 
68ST 

|
 91% 

69 
ST 

19° 
0
2
6
 

|
 08° 

+] 
6
8
0
 
|
 2o'T 

08 9
 

(1) 
|
 O08 '9L 

|.00°S 
+) 

00°F 
Lh* 

Seas 
ea 

eee 
O
G
 

00°81 
0OT 

|
 006L 

|
 00
 

+) 
eT9 

|
 SL 

OF 6I 
(x) 

|
 OF 

6T 
|
 09° 

+] 
ZT" 

20° 
08 “eI 

(x) 
|
 O88 

|
 008 

+) 
COT 

|
 er 
|
 

6
r
t
 

$6 61 
Gr'0 

OF 0G 
|
 09°T 

+] 
61'S 

190 
00 

0
 

(1) 
00°02 

|
 00°% 

+] 
00°F 

1P°0 
02 02 

() 
02°06 

=| OST 
+] 

08% 
CaO 

e
A
 eee 

n ce S
e
a
t
 

SIT 
)
 
v
0
)
 

“
2
 
O
 

h
y
)
 i
D
 

)
 
“
9
)
 

6
 

a
)
 
0
 

O
f
)
 O
 

"
9
 
0
 

7
)
 
O
 

o
A
)
 O
 

“
B
T
 

i
)
 
O
 

"
9
 
7
0
)
 

9
)
 
O
 

i
)
 
O
 

a
)
 
O
o
 

“
b
y
 

"
2
 
7
9
)
 

a 
o 

‘0 
'°0¢ 

|, 
O 

‘
O
°
O
G
 

|. 
5 

‘0 
°
0
¢
 

‘ 
®
O
O
H
t
N
 

[0.14 
S
O
O
H
®
N
|
 

. 
{0.1} 

®
O
O
H
®
N
|
 

. 
[o14 

3 
10 

“
H
N
 

S09 
|
 

a 
FO O0NT 

p
o
t
e
 

10 
"AN 

|
 -goo 

|
 .... 

|-0°000T 
O
u
.
 

10 
"HN 

|
 -too 

|
 .... 

|:0°000T 
ly e
e
 

q 
a0 

H
N
 
4q 

04 
00 

®HN 
Aq 

04 
oe) 

SAN 
Aq 

(OOBN 
|
 ong 

|
 o
F
 
|
 oot 

UF 
|
 poz 

|
 O
O
N
 
|
 ong 

|
 MOF 

|
 oor 

|
 

the 
|
 pez 

|
 O
O
F
N
 
|
 ong 

|ae2 
|: oot 

u
g
 
|
 bez 

0} 
o
n
g
 

e
s
u
v
y
O
 

ur 
A
t
 
a
e
 

-
j
e
r
n
a
u
 

0} o
n
g
 

o
s
u
s
y
o
 

ut A
q
 
B
e
e
 
-reryneu 

0} 
o
n
g
 

e
s
u
e
y
g
 

ut 
£41 

a
e
 

-rexjnen 

“
p
o
y
 

rr 
'
O
S
*
H
 

“
P
P
V
 
|
 
g
y
 

1
0
S
°
H
 

“
P
P
V
 
|
 
e
y
 

'
O
S
°
H
 

‘
O
N
 
9
1
N
9
[
N
D
 

"HN |
 oF/N 

; 
HN 

|
 ov/N 

HN 
|
 o
n
 
|
 

- 
“Aqrploe 

Jo WoMoNpary 
s
e
)
 

-AyIploe Jo 
W
o
o
n
 
psy 

r
e
)
 

-AqIploe 
Jo 

W
o
o
n
 
psy 

oe) 

*shBp 
0E 

“SABD 
FI 

“skep 
2 



ATLKALI-FORMING BACTERIA FOUND IN MILK. 

@ 

*[01}T09 

TeY} 

ploe 

910UL 

HIT 

¢ 

*AqIploe 

Ul 

osULYO 

OY} 

1OJ 

SpUMOIOV 

UY} 

JUeSoId 

fF{NV 

OIOW 

z 

*J01}109 

Ul 

Ue 

FAN 

SSO'T 

c 

OF
 

02
 

(1
) 

|
 

OF
 

0
 

‘|
 

09
°T
 

+]
 

06
°%

 
re

" 
OT

 
02
 

Or
" 

03
02
 

.
 

|
 

OS
L 

+]
 

SF
'F
 

ao
" 

G
8
9
 

Go
'T

 
09

°2
T 

|
 

OF
’ 

+]
 

6g
°9
 

cL
* 

08
 

02
 

(1
) 

|
 

08
°0
2 

|
 

02
°T

 
+]
 

¥9
°2

 
Te
h 

OF
 

06
 

©)
 

OF
 

0G
 

|
 

09
'T

 
+]

 
22

°%
 

oe
" 

00
 

“6
1 

(1
) 

00
°6

E 
|
 

00
°S

 
+]

 
Z1

°%
 

(a
o 

09
 

“6
 

(1
) 

|
 

09
°6
T 

|
 

OF
S 

+|
 

ZF
S 

66
° 

OF
 

02
 

(x
) 

|
 

0F
°0

G 
|
 

09
°T

 
+]
 

90
°g

 
|
 

98
° 

OF
 

61
 

(1
) 

|
 

OF
 

'6
T 

|
 

09
°%

 
+]

 
st
e 

18
° 

08
 

°Z
1 

0L
°T
 

00
°'

6T
 

|
 

00
° 

+
1
2
8
2
 

|
 

98
°.

 
|
 

GZ
°S

T 
G9

 
OF

'6
E 

|
 

09
° 

+]
 

9E
°¢

 
€9
° 

06
 

ST
 

(x
) 

|
 

06
ST
 

|
 

08
°9

 
+)
 

G9
°%

 
18

° 

0
0
°
 

(1
) 

|
 

00
°2
6 

|
 

00
°0

 
+]

 
21

‘ 
6h
" 

00
°L

T 
(1
) 

|
 

00
°Z

T 
|
 

00
°S

 
+]
 

TS
: 

90
° 

00
°2
 

(1
) 

|
 

00
°2

 
|
 

00
°S
1+
} 

08
°%
 

le
" 

00
 

0
 

(1
) 

|
 

00
°0

2 
|
 

00
° 

+]
 

s¢
°g
 

|
 

ZF
" 

02
 

0%
 

1
 

| 
06

°0
2 

|
 

OS
T 

+]
 

G¢
-%

 
|
 

08
" 

09
 

‘S
T 

1)
 

|
 

09
°8
T 

|
 

OF
S 

+]
 

6F
'E
 

IP
 

08
 

61
 

a
8
 

08
"6
T 

|
 

02
°%

 
+]

 
08
% 

13
° 

OF
 

02
 

I 
OF

'0
S 

|
 

09
'T
 

+]
 

2
%
 

|
 

Ze
" 

08
 

‘6
1 

1)
 

|
 

08
°6

E 
|
 

02
% 

+]
 

22
:3

 
|
 

28
° 

OF
 

06
 

t)
 

|
 

O0
F'
06
 

|
 

09
° 

+]
 

12
% 

96
° 

08
 

6
 

1)
 

|
 

08
°6
T 

|
 

00
'S

 
+|

 
36
°%
 

ce
" 

09
 

61
 

v
 

|
 

09
°6
T 

|
 

OP
's

 
+]

 
06
° 

in
e 

OF
 

02
 

1)
 

|
 

0F
'0

2 
|
 

09
°T
 

+]
 

ce
e 

|
 

68
" 

02
 

02
 

(1
) 

|
 

02
°0
6 

|
 

08
°T

 
+]
 

O
L
 

°T
 

02
° 

08
°6

1 
(1

) 
|
 

O8
‘6

T 
|
 

02
°%
 

+]
 

S1
2 

Go
" 

00
 

02
 

1)
 

|
 

00
°0

2 
|
 

00
° 

+]
 

O2
°T

 
02

° 
08
 

61
 

i
B
 

08
61
 

|
 

02
°3

 
+|
 

2
8
 

°T
 

ta
e"

 
00
 

61
 

(1
) 

|
 

00
°6

T 
|
 

00
° 

+]
 

98
°T
 

91
° 

02
 

02
 

1)
 

|
 

02
°0

2 
|
 

08
'T
 

+]
 

22
% 

|
 

aE
" 

08
 

02
 

1)
 

|
 

08
02
 

|
 

02
1 

+]
 

¥2
°§
. 

|
 

88
° 

08
 

81
 

t
H
 

08
°8
L-
 

|
 

02
° 

+|
 

Gg
’ 

0g
" 

OF
 

02
 

1)
 

|
 

0
0
d
 

|
 

09
°T

 
+]
 

G2
'¢

 
ja

a 
02
 

06
 

(1
) 

02
°0
2 

|
 

08
'T

 
+]
 

00
°F

 
Ly
 

02
 

‘O
T 

1)
 

|
 

06
°9

1 
|
 

O8
°S

 
+]

 
BI

T 
FI

 
G0
 

“S
T 

ST
" 

02
°S
T 

|
 

08
°9

 
+]

 
89
°F
 

gg
" 

00
 

8T
 

(x
) 

|
 

00
81
 

|
 

00
°F

 
+]
 

62
7 

To
" 

00
°0

2 
(x
) 

|
 

00
°0

2 
|
 

00
° 

+]
 

2
9
 

T
 

61
° 

09
 

02
 

f
n
 

09
°0

2 
|
 

OF
T 

+]
 

ST
's
 

18
° 

08
 

61
 

(1
) 

|
 

08
°6

T 
|
 

02
°%

 
+]

 
18

% 
ee
 

08
°8
1 

i
 

08
ST
 

|
 

02
°¢
 

+]
 

29
'T

 
61
° 

02
 

12
 

I 
02
12
 

|
 

08
° 

+]
 

06
% 

in
o 

09
 

‘S
T 

(1
) 

|
 

09
°S

T 
|
 

OF
S 

+]
 

40
% 

$e
" 

00
°6

1 
I 

00
°6

1 
|
 

00
°E
 

+]
 

62
°T

 
1G
" 

G
9
 

“L
T 

G
L
 

|
 

OF
 

6
 

|
 

09
'S

 
+]

 
Th

'2
 

|
 

28
° 

02
 

61
 

(1
) 

|0
¢°
6T
 

|
 

08
° 

+1
 

89
g 

|
 

ZF
 

OF
 

61
 

1)
 

|
 

OF
6r

 
|
 

09
°%
 

+]
 

Fo
e 

|
 

88
 

GS
 

“6
1 

G0
" 

09
°6

L 
|
 

OF
S 

+)
 

19
% 

|
 

eg
" 

08
 

“6
1 

(x
) 

|
 

08
6E
 

|
 

08
° 

+)
 

(4
) 

(1
) 

|
 

09
2 

| 
0
9
2
 

|
 

0F
'6

 
+]

 
()
 

(i
) 

GL
 

LT
 

G
0
 

|
 

08
6L
 

|0
¢'

% 
+1
 

26
°2

 
|
 

g6
" 

06
°2

1 
0g

" 
02
ST
 

|
 

08
°§
 

+]
 

22
°F
 

|
 

9¢
° 

OF
 

TT
 

1)
 

|
 

OF
IT

 
|
 

09
°O

T+
! 

61
°T
 

PL
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The results of the 14-day incubation are similarly shown in this 
table. It will be noticed that the alkaline change in 46 of the 68 
cultures was due entirely to the formation of alkaline carbonates and 
in thé other 22 to the presence of carbonates and ammonia. In 
‘almost every case the reduction in acidity was due largely to carbon- 
ates and at the same time there was a considerable increase in the 
amount of ammonia over that produced after 7 days’ incubation. 
Culture 107 after 14 days’ incubation showed a smaller reduction of 
acidity than after the 7-day period, indicating that there was a sec- 
ondary acid fermentation. 

After 30 days’ incubation the reduction in acidity in 24 cultures 
was due entirely to formation of carbonates or bicarbonates, there 
being no increase in ammonia over that contained in the control 
tube of skimmed milk. In 37 cultures the alkaline change was due 
to the combined action of carbonates and ammonia. It will be 
seen, however, that in most cases the greater part of the change was 
due to the alkaline carbonates. In general there was an increase 
in the quantity of ammonia, found after 30 days, over that present 
at the end of the 7 and 14 day incubations. Cultures 107 and 137 — 
after 30 days’ incubation were found to be more acid than the con- 
trol cultures. Both these cultures showed an alkaline change after 
7 and 14 days’ incubation. In cultures 10, 12, 49, 113, 123, and 143 
an excess of ammonia was found over that necessary to produce the 
alkaline change, which showed that there must have been a secondary 
acid fermentation. This is further substantiated by the fact that 
these cultures showed a smaller change in alkalinity compared with 
‘the control after the 30-day incubation than they did at the end of 
the 7 or 14 day incubation. 

The results of the work shown in Table 2 are summarized in. 
Table 3. 

TABLE 3.—Cultures grouped according to reaction and cause of ulkali production tn 
skum milk. 

~ Reduction of acidity 
, due to— 

Incubation 5 imenpase of 

30°C. Ammonia F over caabrol 
and alkaline eats 
carbonate. i 

| t 

Number of Number of Number of 
Days. cultures. cultures. cultures. 

7 10 58 a 
14 22 46 0 
30 137 24 2 

1 Seven ammonia and no alkaline carbonate. 
\ 

This summary needs no discussion since it simply presents data 
which have already been discussed. These results lead to the belief 
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which was previously stated, namely, that the alkali-forming 
bacteria produce an alkaline change in milk, due primarily to the 
formation of carbonates or bicarbonates, resulting from the oxida- 
tion of citric acid. After a long period of incubation there is a small 
amount of ammonia formed by certain cultures to which may be 
attributed a small part of the alkaline change in reaction of milk. 
A third reason to substantiate the belief that the alkaline reaction 

in milk produced by the alkali-forming bacteria is due to the pro- 
duction of alkaline carbonates from the salts of organic acids. This 
will be discussed in detail later. The essential point of the produc- 
tion of an alkaline reaction during the fermentation of the organic-acid 
salts and the one upon which the other adjustments of equilibrium 
depend is the‘replacement of the relatively strong organic acids by 
the relatively weak carbonic acid. 

SOURCES OF THE ALKALI-FORMING BACTERIA. 

The alkali-forming bacteria which are under discussion in this 
paper were isolated largely from market milk, a few being obtained 
from the ice cream. - Milk, however, can not be considered a source 
of any bacteria for it is merely a conveyor in which they may grow 
after being introduced through contamination. While alkali-forming 
bacteria are commonly found in market milk they must be intro- 
duced at some stage in its history and must, therefore, have a source. 
Numerous samples of soil were first examined and then plated on 

extract agar and incubated at 30° C. for 5 days, at which time each 
colony was picked off and inoculated into litmus-milk tubes. These 
tubes were incubated at 30° C. for 14 days, after which they were 
examined for the characteristic reaction produced by bacteria of the 
alkali group. An alkaline reaction in litmus-milk tubes after 14 
days’ incubation without any sign of peptonization was found to be 
a practically certain test for the alkaliforming group of bacteria. 

All the samples of soil examined showed the presence of large 
numbers of alkali-forming bacteria... These organisms were found 
also in water from shallow and deep wells, springs, and drains. 
Since they are present in soil it is only natural to expect to find 
them in water. An examination of the bacteria on the hands of 
farm laborers showed as high as 12,000,000 of the alkali-forming 
group of bacteria, this being the approximate number distributed 
over both hands. The organisms in this case in all probability came 
from soil. 

Alkali-forming bacteria were not found in the udder and teats of 
cows in very large numbers, since an examination of 57 samples of 
milk drawn into sterile tubes from 15 different cows showed their 
presence in only 10 cases. The highest number found in any case 
was 30 per cubic centimeter. These organisms were present, how- 

104410°—19—Bull. 782 2 
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ever, In cow feces, being found in 8 out of 14 samples examined and 
and they comprised about 2.7 per cent of the total bacteria. Brush- 
ings from the udders and flanks of cows also showed the presence of 
the organisms. Alkali-forming bacteria were also found in very 
large numbers in unsterilized, milk pails and cans. In one examina- 
tion of a 10-gallon unsterilized milk can which was about to be 
filled with milk, approximately 144,000,000 of these organisms were 
found. 

From extensive studies as to the sources of the alkali-forming 
bacteria found in milk it is believed that they are primarily soil 
organisms. ‘The fact that alkali-forming bacteria are present in soil 
is further supported by the work of Temple (11), who states as a 
result of his experiments that ‘‘It is clear that soil bacteria can use 
sodium or potassium salts of organic acids in such a way as to have 
one of the products sodium or potassium carbonate.’ Soil, how- 
ever, can not be considered the only source of the alkali-forming 

group of bacteria, for there are probably many organisms from other 
sources which might fall into this group based on their character- 
istic milk reaction. 

MORPHOLOGY AND GROWTH. 

In the study of the alkali-forming bacteria no elaborate morpho- 
logical determinations of the organisms were made. Microscopic 
examination of 24-hour-old agar cultures showed that of 69 cultures 
6 were cocci and 62 bacilli. In individual cultures the rod-shaped 
organisms varied greatly in size and for that reason it was not con- 
sidered advisable to subdivide this group further according to their 
morphological characteristics. None of the organisms were spore 
formers. 
The optimum temperature of this group of alkali-forming bacteria 

isolated from milk was found to be between 20° and 30° C., and 
within this range they grew vigorously. There was some growth 
below 20° C., but only slight growth above 30° C. In fact, 8 of the 
cultures, when streaked on agar and incubated at 37° C. for 48 hours, 
showed no growth, and 1 culture, No. 354, when inoculated into milk 
and inoculated at 37° C., rapidly died out, so that on the ninth day 
upon plating 1 cubic centimeter of this milk culture, no colonies 
appeared on the plates. The organisms grew best under aerobic 
conditions, but could also develop anaerobically on certain media. — 
No growth was observed under anaerobic conditions in a synthetic 
medium containing sodium-ammonium phosphate as a source of 
nitrogen and the salt or an organic acid as the only source of carbon. 
The majority of this group of organisms appeared on agar plants as 
a moist, white growth, but there were 6 fluorescent, 2 pink, and 1 

yellow culture in the collection. The most noticeable feature of the 
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white growth was its consistence, about 60 per cent of the cultures 
producing a slimy, viscous growth that was almost impossible to 
remove with a needle. In litmus milk these cultures produced a 
typical blue coloration which usually appeared in from 3 to 5 days 
when incubated at 30° C. Only 3 cultures out of the 68 were found 
to liquefy gelatin on incubation for 45 days at 20° C. The thermal 
death point of the alkali-forming organisms varied from 60° to 65.6° 
C., when heated in milk tubes for half an hour. 

SOURCES OF NITROGEN. 

From preliminary results of fermentation tests with the alkali- 
forming bacteria, it was evident that nitrogen should be supplied in 
some simple form, free from carbon. It was found that sodium- 
ammonium phosphate could be used as a source of nitrogen. This 
compound gave such satisfactory results that it was used through- 
out the work, carbon being supplied by other substances, as carbo- 
hydrates or organic acid salts. The alkali-forming bacteria were 
also able to utilize nitrogen from sodium nitrate and sodium nitrite, 

when a suitable source of carbon was present. With these two sources 
of nitrogen uniform results could not be obtained, for often a culture 
which would grow well on one inoculation would fail to develop at 
another time. The more complex nitrogen-containing substances 
were not suitable for fermentation tests, for reasons which will be 
discussed. All the organisms studied grew readily with asparagin as 
a source of nitrogen. It was not satisfactory, however, because 
ammonia was liberated, which interfered with the measurement of 
the fermentation test substances. Similar objections also apply to 
the use of beef extract. This not only supplied nitrogen but 
carbon as well. All the cultures grew vigorously in a solution of 
0.2 per cent beef extract and 0.2 per cent sodium-dibasic phosphate 
and produced an alkaline reaction due probably to the formation of 
alkaline carbonates from the organic-acid salts present in the extract. 
Tt was, therefore, quite evident that beef extract was not a suitable 
source of nitrogen for use in fermentation tests when a definite fer- 
mentation was to be measured. 

Other nitrogen-containing substances, such as peptone, gelatin, 
casein, and urea were good sources of nitrogen when carbon was sup- 
plied in some other form, but as sources of both nitrogen and carbon 
they were unsatisfactory. In other words, they are good sources of 
mitrogen but poor sources of carbon. 

In studying the physiology of bacteria, it is believed that the 
sources of nitrogen should be given considerable thought, and when- 
ever possible a simple compound free from carbon should be selected. 
For the alkali-forming bacteria sodium-ammonium phosphate ful- 
‘filled this requirement. 
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FERMENTATION OF CARBOHYDRATES. 

DEXTROSE. 

-In some previous work with a small number of cultures of alkali- 
forming bacteria, it was found by Ayers and Johnson (2) that while 
they apparently did not ferment sugars, an alkaline reaction was 
usually produced.. In recent work, however, with a larger number 

of cultures it has been found that certain carbohydrates were 
fermented but that special means have to be taken to determine 
this action. ; 

Extract broth is not always a suitable medium in which to deter- 
mine the fermentation of dextrose, as is shown by the results in Table 
4. -The broth had the following composition: Dextrose 1.0 per cent, 
beef extract 0.4 per cent, peptone 1.0 per cent, and distilled water. 
The reaction was brought to the neutral point, the solution filtered, 
the dextrose added, and the medium sterilized. The final reaction 

was about plus 0.2 (Fuller’s scale). The cultures were incubated 

at 30° C. for 7 days and a duplicate set for 21 days, and titrated 
at the end of each incubation period. ‘The figures in the table repre- 
sent the change in titration from the control, 10 cubic centimeters 
of medium being titrated with tenth-normal sodium hydrate. The 
fermentation was considered positive when 1 per cent or more normal 
acid was formed, since this is the usual amount considered to indicate 
fermentation. An examination of the results shows that after 7 
days’ incubation 15 of the cultures showed an acid fermentation in 
dextrose and 10 showed such a reaction after 21 days. With 13 of 
the cultures a higher acidity was found after 7 days than after 21 
days, while 7 showed more acid after the longer incubation. After 
7 days’ incubation 3 of the cultures were acid but after 21 days were 
alkaline, while 3 other cultures were alkaline after 7 days and became 
acid after 21 days. It will be noted in Table 4 that 3 cultures 
produced gas from dextrose. These results show that the fermenta- 
tion of dextrose by the alkali-forming group of organisms was very 
indefinite when determined in the ordinary manner by titration in 
the regular broth medium. Some cultures showed a distinct and 

others only a slight fermentation, while many produced only an 
alkaline reaction. 

As previously noted, it was found that these bacteria produced 
alkaline reaction when grown in beef-extract broth without sugar. _ 
The broth contained 0.2 per cent beef extract and 0.5 per cent 
sodium-dibasic phosphate. While this is not exactly the same 
composition as that of the dextrose-extract broth, the results of 
titrations help to explain some of the peculiar results obtained in 
the dextrose fermentation, and they are incorporated in Table 4. 
It may be seen that all the cultures of this group gave an alkaline 
change in titration after 14 days’ incubation in beef-extract broth; 
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consequently this alkali formation would interfere with the reaction 
as a means for determining the dextrose fermentation. 

TasBLE 4.—Reaction produced by the alkali-forming bacteria in dextrose and plain-extract 
broth. 

Dextrose-extract . Dextrose-extract 
broth. Beek broth. eouae 

: xtra 
Culture No. aa Sorat Culture No. broth, 

7 days. | 21 days. | days. 7 days. | 21 days. | !4 days. 

C.c. C.c. GXe: Cc Cie. Cie 
Qo css Le SoS ae eee +2. 40 +1. 46 0: 39) 2B eee eee cece +1. 40 —0. 86 —0.37 
Pree ee ech ele + .66 +1.40 Ss! AB QO SSE sie eis ee eo — .84 — .92 — .39 
Pe Mitek rap fe foi ssi, 5, = — .04 + .82 Ease 18 i) | Wh Ro aps eel BPI el — .d6 — .90 — .38 
SEO ee ak oe ee eee +2. 40 + .78 a C8 Lal Hb es I oe gr — .76 — .82 — .32 
Se Sap aoe GeU eee e +1.60 — .96 = BHA | Moone seeiee ast ee 245.36] 2+4+2.72| 2— .40 

Gye ee oe ee —1.00 — .84 SAEs Sol et a Aesth sence ae 244.44 244.76 2— 35 
(LSS See Sa — .64 — .88 TAUNTS ee pe tie ee ae eae eae — .88 — .92 — .39 
OL ou (nett Rae 5A) eo UB | Sy cay HTS LE eae a — .76) —.82|/ — .37 
We 5e38¢ avetiae seeeae — .90 — .70 SOL Ao Meet Aen corneas -+1.12 +2. 88 — .39 
TSS OeEe Oe acts ne — .06 — .20 — +430!) doSecoe acne cos sce on — .88 = 298 — .32 

TES ESCEE SU ee Siete — .60 —.74 1/30) || WSO eee ieee aes — .86 — .94 — .42 
AO ee es — .94 — .84 parma yal WAU) Ss ee ae pe —1.00 — .80 — .29 
10.32 S52 Sec tee Se eee — .88 — .90 830A AT eh A +2. 56 + .76 — .62 
TORS ss 0k ee ae ee — .58 — .80 ees yi READ i A Tees er A — .80 — .86 — .25 
NOAME esc sce cose. — .86 — .74 =) 38) || WL4Se Sessa ae sets + .93 | + .44 — 00 

OSes he as — .94 — .84 eS 7A | We Ma een — -60 — .84 — .34 
HOGER eae eee cic — .80 — .88 = AD 4 bee ue ye set — .50 —1.06 — .39 
Oe ecb so eee ae +1.10 +2. 46 SNA it eA Ge ey cca cytereest sree — .84 — .96 — .39 
OS Sod neeBee Seem aee — .74 — .80 cent Larne genes typos ra —1.00 — .88 — .32 
1 Bere Gace aSeeenee — .86 — .90 —— ie AQ OB areveyrsprcraeefpepae s =e 2 0 = 564 

1s eee are +3.00 + .76 me HI S10 eats SUR aoe BSE SAE — .26 — .86 — 223 
WD .SheeccBe as ae +2.08 +1. 58 aed A( | esl dmeterneclanspe aera eae is —).20 + .94 — .47 
TUVB Sc aS aa ee — .80 — .82 OA odie mers seem ne sie = 5 ayy Sothys) — .32 
IGM ee eee cae ds — .82 — .76 oot Gi eee Soest en soe aaa +1. 54 — .48 = .44 
LTRS cece enas Aa eee — .50 — .94 HS Oil ood eehelarcicisarteclsee ele — .44 — 220 — .42 

TS Se Ulm lee cee — .90 — .96 OO) MOA ae se eisees ese eae = atl +1. 66 — .41 
TED Stet Cie Sr Cae — .80 — .82 mR Oe ley Doanaeaceeceacecoec — .50 — .16 — .44 
OO er stae lec ity oes 2 +1. 94 .42 may ADH ODORS eee aa a rues — .40 — .32 — .38 
AAS SUG AS a ae 2+5.60 24-4, 46 ahs DO oa One tecetiee it ereiae seers — .90 — .70 = all 
TPA een eee — .70 — .96 HAN 3 8) HOODS Seee oie Sa Ne Beles = oi — .80 = -93 

8 es ee oie tah +1. 86 +1. 70 PORTO heh ae doe neeetsaae aoa — .84 — .84 — .38 
OES Ae ie is ea — .86 — .94 SIeOP UT Bi wen oes oreaeEeaee — .50 — .52 — .35 
a etnyne rare gael S85 — .64 . 90 tN AN lites O Masai abet si aaierara cama hess = oll Nossbeesoce = 048} 
26 sera c ete — .64 — .80 She SA ISOD Me seers eas — .40 34 = sat 

Minus (—) signs indicate an alkaline change! in titration. 
Plus (+ ) signs indicate an acid change in titration. 

1 Change from control, in c. c. N/10 NaOH titrating 10 c. c. of medium. 2 Produced gas. 

In order to avoid the complicating alkaline fermentation in extract 
broth, synthetic media were prepared which consisted of sodium- 
ammonium phosphate as the only source of nitrogen with dextrose 
as the only source of carbon. The media used had the following 

Medium A. Mediura B. Medium C. 

composition: 

Sodium-ammonium phosphate............-. grams. - 2.0 

Diese tiaras VAT SUR OC aes NV et Cube sane Dap OR doeeee 10.0 
apascimi Chl order ree serge ots a) ea domes mel 

Wisnillediwater.. 2-0... cubic centimeter.. 1, 000 

1.5 1.0 

3. 0 10. 

1 2 

1, 000 1, 000 

The results of the fermentation of the dextrose in these media 
are shown in Table 5. The change in the hydrogen-ion concentra- 
tion during 14 days’ incubation was used as a measure of the fermenta- 



14 BULLETIN 782, U. S. DEPARTMENT OF AGRICULTURE. 

tion. It will be noted that in medium A, 25 cultures showed a 

distinct fermentation of dextrose, the hydrogen-ion concentration 
in most cases going from P, 6.9 (control) to P, 4.5, a few cultures 
reached about P, 6.0, and only 19 cultures changed from P, 6.9 to 
P,, 6.5 or lower. These cultures it was believed fermented dextrose 
but were called plus or minus. 

TaBLe 5.—Results of fermentation of dextrose in synthetic media with different buffer 
contents. 

Medium A. Medium B.|Medium C.| gym- Medium A. |Medium B./Medium C.| sym- 
| mary | mary 

Dex- | D ees ace D D Tees libs ex- ex- ex-| dex- ex- ex- ex-| dex- 
Galvan trose | trose trose | trose Se trose trose trose | trose 

Gh P fer- Pp fer- Pp fer- | fer- 3 Pp fer- P fer- P fer- | fer- 
H-/men-| ~ #|men-| ~ = | men-| men- H+! men-| — = | men-|# = | men- | men- 

ta- ta- ta- ta- ta- ta- ta- ta- 
tion tion tion. | tion tion tion tion. | tion 

Control. .| 6.9 |------ TDi\| ote 6287532202 |eecos Control..| 6.9 |.----- SPS eee 6. Sy Pssst eesEe 

10 | 4.5 + NO) + pe || Ss are + 130 | 6.9 — 7.2 eee See erent — 
12 | 4.5 + 5.4 Pe lisse |i sosiei + 131 | 6.6 + de2 _ 5.3 + + 
Sy Ess nl amet 7 RG Fe eS Seal ce + 132/66) + |[7.2| — [5.0] + + 
49 | 4.5 is 5.4 S bs bee, oe aeic + 133 | 4.5 + 6.2 Seigall ever | Spaserers + 
59 | 6.9 = 1.2 = isccaqliscgass _— 134 | 4.5 + 6.2 =F Vilsescel seems + 

GOT ETON ahem, we | eee — TBH eGh 7A |] SEN Gee BY 4] SE + 
61 | 6.9 _ a2 aS eames sere _ 136 | 6.5 + heeds — 5.0 ar =F 
G2 GSOn NT Meson]. sal eeesa|aescss _ UByefalp zis Byte A Fe ial ay acti 3 |e + 
CSA VCE LI epicenter tea — 138 /|6.6) + | 7.2) — | 5.3] + + 
TA OROe |e eh | Osta eto) oa | Beavers Pershsae + TBO | FOS ey S24 | ee — 

73 eG ED: Memeo Wyse leet ee aoe i oe POMP G8 |) bee A Poe elke | ae 
101 | 6.6 + 7.2 — 4.9 + + 141 | 4.5 + 6.0 Sy Pines sass. + 
102 | 6.6 + We? — 5.3 + + 142 | 6.9 — To ss OH eS ores | Ra ge — 
103 | 6.9 — 7.2 Ce eee | neers — 143 | 4.5 + 5.4 Fae fi Se eel Peace a + 
104/6.7| + 17.2} — {5.8} + | + 144/66) + |7.2} — | 5.0] + + 

105 | 6.6 + (2 _ 5.4 + + 145 | 6.9 _— eZ S| as See feeeele — 
OS | KD) |r AL TES NSeeoclle=soce _ 146 | 656) = | 72) — | 5:07) == -F 
107 | 4.5 + 5.5 cs tal Ie ya Po + 147 | 6.9 — 32 rs Be | ee — 
108 | 6.5 ok 7.2 — 4.8} + + 303 | 6.9 — 7.2 —— Biliecaealeemee _ 
STU SO) ek ae Ae ee Ne —_ Z09NECEON Pe nS 25) cn ee ee ees _ 

112 | 4.5 + 6.0 Tes Scena a sore + 314 | 5.6 + 6.3 Seah eee esos + 
US 45s] =e B G5) =i ees oe ) + SUL ROAOp | maa | 2a ipl |eeeel sraeeten _ 
114 | 6.9 _ 1.2 oe 4 Soe Sees _ 319 | 6.2 + 6.5 + 5.2 + + 
UGH Go 7a] =e le 6te) |) = = + 321/6.2) + )/6.3} + 475.3] + | + 
117/}6.6} + |7.2! — |5.0! + + 3227 ("Ono =e a Gra eS == - 

TG} GON) 1) BO) SS Nsceseliceceos — 3250 G82e l= osu mest ee + 
119 | 6.7 + 167 _— 5.9 + + 326 | 6.2 + 6.5 + 5.2 + + 
120 | 4.5 + D0) co esa Fe ses eweselere + 340 | 6.9 — 7.2 F505 Hees eased _ 
121 | 4.5 + 6.2 == is icine, Jes] [nee eer + 353 | 6.9 _— Wor Eee] Fe [che a! — 
122 | 6.9 _ Us2 _ Saisecose — 354 | 6.9 — ta2 el (eed bee es _ 

UPEY ERS cr 2 UGs | eee ne cells sosee — 356 | 6.2) + 16.5] + 15.0] + + 
124 | 6.7 + lise” _ 5.0 + + 361 | 6.0} + 6.4 ee eta teoregene + 
125 | 6.5 + 162) _ 5.0 + + 362 | 6.3 + 6.2 + 5.0 + + 
126 | 6.6 + 7.2 — 5.0 + aE 
TSH. 9 SN ig 2 lef ee + | 

| 

Medium B, while having less buffer than medium A, contained 
also less dextrose, and in it only 25 cultures showed a positive 
fermentation. Medium C was then tried and it contained the same 
amount of dextrose as medium A but half the sodium-ammonium 
phosphate. As this medium had considerably less buffer than 
medium A, it was expected that the cultures showing only a slight 
change in P, in medium A would show a much larger change in 
medium'C. This was found to be the case, as is shown in the table. 
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Only the cultures which showed a slight P, change in medium A 
were run in medium C. From the results of the work it was evident 
that 44 of the 68 cultures of alkali-forming bacteria could ferment 
dextrose, but many of them to only a slight extent. The fermen- 
tation was slow with certain of the bacteria, as is seen in Table 6, 
which shows the P, value of 3 cultures in medium A. These cultures 

represent 3 types of fermentation. Culture 12 reached P, 4.5 after 
3 days’ incubation at 30° C., while culture 319 reached P, 6.0 only 
after 10 days, and its highest hydrogen-ion concentration was P, 5.5. 
Culture 140 reached P, 6.5 in 10 days, which seemed to be its highest 
point, and did not show further change after 21 days’ incubation. 

Taste 6.—Three types of dextrose fermentations as shown by the hydrogen-ion concen- 
tration in terms of Px. 

Days. 
| 

Culture No. 

Dees Uoetule «a2 | 3 | 4 5 | 7 10 14 428 | | 

Un a eae gray 7.0| 70] 7.0| au 70| 70; 70) 69 
(oe | 6.6] 5.6 4.5 | a oes ita heasilmiees ais 
EE Sod oa ss 5 Pee. S0 1S 628) sb |, G8 (ok GIG tc, 6.6 14650) 6 0| eng Sum 
dig ARAL [ES TEOUM AL 710 7.0 | 6.9] 69] 68] 65] 6.5 6.5 

} | | 

TaBLeE 7.—Comparison of the fermentation of evar in an extract broth and a synthetic 
medium. 

| | | 

Dex- Dex- Dex- 
trose- trose- trose- 

sodium- sodium- sodium- 
Dextrose broth.| ammo- Dextrose broth. ammo- Dextrose broth.) ammo- 

Culture nium |/Culture| nium || Culture nium 
No. phos- No. | phos- No. phos- 

‘ phate. phate. phate. 
} 

i es i] | j 
7 days. |21 days.! 14 days. 7 days. 21 angel 14 days. |) 7 days. |21 days.|14 days. 

| | 
ees 4 eae e| eee eae = Cataract og pes 0 
LTS: — + 2 | HOTS = - + || 146... — = + 
as See = + 1202s. + — + Yh aoe — —— 0 
ee =e = + | 1 Pa lSaee } + ae + 303... _- — - 0 
Qe So ae) ae |) — = 10) 3085. - 3. — — 0 

a = = One || izaeee | eid SENN S Ere a % i 
“Gh = - 0 124. — _ _ a ly gs — — 0 
G2. - — AM ES Se = = + |] 319.2... + _ + 
eee — — Of PE 126. 2222 - — + |} B21... = = + 
(aes _ = erate I 128... + — 0 We22s- sce — ate as 

Tg. = S| ae | Eee = i= Oe alesenee us = Ee 
IBGE. 2 _ —- | + ABIES 2 ea) ac + | 326. - — = + 
iene = = ge a TB Ee — | = + 340..- = = 0 
103. = 5 eal (138.545: + + + 353.- = ze 9, 
Tie = — _ ier ieeess ee eae at | CEs eee — = 

| | 

1055-3. = = e352 seat SEN | GCs = = + 
106..-.- ~ - Ope ih 1362 25 = — He Boise: 3}e 52 0 + 
Lt Cae =F ae + ey fee mee + i + S62E see S| — ae 
108 2..-. = = =F | 138-. = = Gia 
ili Rea _ _— 0 1392025. = = 0 

] 

bees + = + AQuaees —- | = 45 
ise tS = + + 14 + = eel 
AIA. 2 = = 0 TAD EA =a ge 0 
116s. - = = =F PLB eee = = SF 
egos iar — _ | 144n- wii as |) yet 

Minus (—)=alkaline. Plus (+)=acid. Zero (0)=no change. 
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The results of the fermentation of dextrose in these simple synthetic 
media were so different from the fermentation in the complex extract- 
broth medium that the results are compared in Table 7. In the 
dextrose-broth medium incubated for 7 days, 15 cultures showed a 
production of at least 1 per cent normal acid and on this basis 10 
cultures showed a dextrose fermentation in the same medium after 
21 days’ incubation, yet in the synthetic medium 44 of the 68 cultures 
fermented dextrose. The results indicate very clearly the inac- 
curacies which may occur in the study of the fermentation of test 
substances in complex media. 

GALACTOSE. 

The alkali-forming bacteria fermented galactose in a manner nearly 
identical with dextrose. Practically all the cultures which fermented 
dextrose fermented galactose and, in fact, reached about the same 
hydrogen-ion concentration in the synthetic medium. 

LACTOSE, SACCHAROSE, AND RAFFINOSE. 

Lactose is not fermented in the ordinary beef-extract medium 
when measured by the usual titration methods or by the change in ~ 
hydrogen-ion concentration. The assumption that the alkali-forming 
bacteria are nonlactose fermenters based on results of the fermenta- 
tion of the sugar in ordinary media is quite incorrect, as is shown in 
Table 8. It was found that 11 of the cultures showed a slight change 
in hydrogen-ion concentration in synthetic medium A. Medium A 
and medium C were the same as previously described except that 
lactose was substituted for dextrose. The slight fermentation of 
lactose was more clearly indicated by the results obtained with 
medium ©. There is included also in the table the reaction of skim- 

milk cultures of the organisms after 7, 14, and 30 days’ incubation 
at 30° C. In every case the acidity decreased during the first 7 days 
and then increased. After 14 days the acidity in all but 3 cultures 
was higher than on the seventh day, while in 30 days all the cultures 
showed a marked increase in acidity compared with that of the | 
seventh day. 

The acid formation, which is probably secondary in milk, correlates 
perfectly with the cultures which showed a slight fermentation of 
lactose in the synthetic media. All the cultures which showed no 
indication of fermentation of lactose in the sodi1um-ammonium-phos- 
phate medium failed to show any secondary acid formation in milk 
during a period of 30 days. 

Saccharose was found to be fermented by only 2 of the cultures, 
Nos. 31 and 72. In a synthetic medium these change the reaction 
from P, 7.1 to Py 6.5 and 6.6, respectively. This indicates only a 

shght fermentation. 
Raffinose was not fermented by any of the cultures even when 

several of the different media were used. 
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TaBie 8.—The cultures which fermented lactose in synthetic media and the milk reactions 
by titration of the same cultures. 

Lactose synthetic Reaction of milk! cultures 
media. after— 

Culture No. 

A. C. 7 days. | 14 days. | 30 days. 

Px. Pu. CONC: b te (CBI 

ROVE EN Oey sete ee aioe ew alnla sini Se iam wee esse lsgge er 6.9 6.8 22.0 22.0 22.0 

Re ete ea a ca elnalaiielsie ajc cia/sicin nie elnicie's steiniewisicieiete 6.7 6.1 2.0 10.6 17.0 
a ol aie tates fejaiie inicio lemicmi= aicicleleleimin etieiatel=l= 6.7 6.1 2.8 7.4 15.4 
iG. coon +2 SESS BS OBB COBOL OUR CR ea ron toseeCeoressooroc 6.7 6.1 4.6 7.0 12.8 
heer er eaany bees oe se Fe eh eee ee Nasa se SS. 6.7 4.8 10.2 21.0 45.2 

ie OE aS eS es aS coe bdoes Oeeeab ae = coseocceeeen 6.7 6.4 5.6 6.6 10.2 
RE See fare roe ee eine acini aiclnisic sage Seemciseiseies micie= 6.7 6.4 3.0 7.8 15.8 
TON Roce SHCA BOS SUL eEOSOE DP EaHesOr Eee See asoceeobr 6.6 6.4 5:2 2.8 8.4 
Eee eis oar elie ce cise e einieiaieiacisics oieleielars cmc 6.7 6.0 522 9.6 19.0 

Nee Oe ae an cis Sane eee Sacer cite cece aaiciaee 4 6.6 5.9 15.0 13.6 39.6 
eT Soda SeSdigpS SE GSer Ee GESESac Sf dno ner sere Boer Cee 6.7 6.3 13.0 | (67 17.8 
a ee ee ee are toiniae innate ais anes sraibic cisise neinie Saiwjere 6.7 6.1 5.4 6.8 16.2 

1100 c. c. of milk titrated with tenth-normal NaOH. 

In the study of the fermentation of sugars by the alkali-forming 
bacteria care must be exercised to use a medium in which organic- 
acid salts are not present, for they are readily oxidized to alkaline 
carbonates, which may mask an acid fermentation of the sugar. 
A synthetic medium is of the greatest assistance in this connection. 

FERMENTATION OF ALCOHOLS. 

In a study of the fermentation of sugars it is customary to include 
some of the polyatomic alcohols, such as adonite, dulcite, mannite, 
and glycerin. It was found that these polyatomic alcohols were not 
particularly good sources of carbon for the alkali group of organisms 
when used in a synthetic medium composed of sodium-ammonium 
phosphate 2 grams, potassium chlorid 0.1 gram, test alcohol 2 grams, 

-and distilled water 1,000 cubic centimeters. None of the cultures 
fermented adonite or dulcite, but, as is shown in Table 9, 5 cultures 
fermented mannite and 3 fermented glycerin. In mannite the maxi- 
mum change in hydrogen-ion concentration was from P, 7.1 (control) 
to P, 6.1 and in glycerin from P, 6.9 (control) to P, 6.4. 

The monoatomic alcohols are not commonly used as test fermenta- 
tion substances, but it was thought advisable to determine whether 
some of them could supply carbon for the alkali-forming bacteria. 
Four of the monoatomic alcohols, namely, methyl, ethyl, propyl, 
and amyl, were tested with different amounts in the sodium-ammo- 
nium phosphate medium just described. As nothing was known 
regarding the effect of different concentrations of these alcohols on 
the bacteria, 3 different sets of media with 10, 5, and 3 grams, re- 
spectively, of alcohol to the liter were used. The cultures were incu- 
bated 7 days at 30° C. and any change over P, 0.2 in a hydrogen-ion 

104410°—10—Bull. 782-3 
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concentration was considered a positive fermentation. Methyl alco- 
hol was not fermented by any of the cultures, which may be due to 
the poisonous character of this alcohol. As may be seen from Table 
9, the majority of the cultures fermented propyl alcohol. Forty-eight 
of the 68 cultures fermented both propyl and ethyl alcohol when 
5 grams of alcohol per liter was used in the medium. It will be 
noted that with the other quantities of alcohol more cultures fer- 
mented the propyl than the ethyl alcohol. Amyl alcohol was not so 
readily fermented. 

In ethyl alcohol the maximum hydrogen-ion change was from P, 
7.1 (control) to P,, 5.7, in propyl alcohol from P, 7.0 (control) to P, 5.4, 
and in amyl alcohol from P, 6.9 (control) to P, 6.6. While there was 

not much difference between the fermentation when 10 grams and 
5 grams of alcohol were used per liter, a larger number of cultures 
fermented the alcohol in these cases than when only 3 grams was 
used. In general, when a culture fermented ethyl it fermented propyl 
alcohol, but this was not true in all cases. Usually when amy] alcohol 
was fermented ethyl and propyl were fermented also, but there were 
several exceptions. Only one of the cultures which fermented man-- 
nite also fermented the monoatomic alcohols. Cultures 121, 133, 
and 134, which fermented glycerin, were not able to ferment any of 
the monoatomic alcohols. 

TaBLE 9.— fermentation of the alcohols. 

Ethyl, grams per | Propyl, grams per} Amyl, grams per 
liter. liter. liter. M a 

Culture No. Pat cei ier nl rt aie Week Mee ik Ty mee eee DOTY 
nite. | cerin. 

10 5 3 10 5 3 10 5 3 

TORE SA SESEL CLARE SECs Se — — = — = = ae eS eo re bb, 

Wao desea cdo onccoass sageaos0ege¢ — _ — _ — — = = = a as 
Bil. oop ssscsuscosscosusasossesessz° = 3: + — + + + — = eve od 
LAO Se aren bbaansoosenacasnausdsooene — + + — ate ak + = = pe i 
RD aoe sb codsdosoSepccececusaess + + — + a ge = _ of Li 8 

MO sacs cccassassesaccsssuersconssce + + + + + + + + at es ae 
Go ogoecs sees seasspesbacsonassses + + _ ar + - + — — = = 
(Pn so ca8gc2esssensccseateaossae5e3 = = — + + + te - = ss a 
ROO ED os Sere ern Soe erae Sam + + = + + ae se ae ave pa = 
TSR yee polek Ne Gas de ao a RH = = = = = = = a. is) ah it 

LSE SR SOAPS 2S. Sar 2 AE es ey ae ae = = =“ = =: = ey ae ne 

WO Seeessosscassessnosscecasdsdes ~ - — + = ae = = = = = 
102F RA ea SSR. eas Aa =f a8 = + + + = = as af rs 
103). 212 Sees eee risa seen cts ee — — — — — — = = = = ee 
LOSE EVE RELIST FER ENG. 22 = mg a st # a if Be it if a3 

LOSSES ES CRS RASTA ES = = ae at = = oot =a af) em Le 
MOO oocssscne sescocose acesseessce aa + — + + + + at ze = = 
LOTR Ree SAS SSE eee ee — + = — ae + = = a Pa BX 
TOS aye eA aes pet Ne OS Adige ab + = ae Je ate = as = a oe 
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TABLE 9.—Fermentation of the alcohols—Continued. 

| Ethyl, grams per | Propyl,gramsper| Amyl, grams per 
liter. liter. liter. 

Man-| Gly- Culture No. nite. | cerin. 
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NotE.—N ofermentation in the following alcohols—methyl, dulcite, adonite. 

It is evident from these results that the polyatomic alcohols ado- 
nite, dulcite, mannite, and glycerin are satisfactory sources of carbon 
for the alkali-forming group of bacteria and were of no particular 
value in the study of the bacteria under discussion in this paper. On 
the other hand the monoatomic alcohols ethyl, propyl, and amyl 
were fermented by a larger number of cultures, and while the fer- 
mentations were relatively slight it is believed that they may be of 
some value in further studies of the alkali-forming bacteria. 

FERMENTATION OF SALTS OF ORGANIC ACIDS. 

It has been shown previously in this paper that the alkaline reac- 
tion in milk produced by the alkali-forming organisms was due to the 
oxidation of the salts of citric acid. Since these bacteria can ferment 
the salts of citric acid it seemed quite probable that other organic- 
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acid salts might be utilized as a source of carbon and thereby become 
valuable substances for fermentation tests. 

In 1895 Maassen (7) studied the fermentation of 21 different or- 

ganic-acid salts by 52 varieties of bacteria. He obtained some growth 
with all these cultures in media containing the various organic-acid 
salts. As Maassen used these salts in a medium containing pep- 
tone, it is not surprising that he obtained positive results with all 
the organic acids, for the reason that the carbon could probably have 
been obtained by the bacteria from either the organic acid or the 
peptone, according to which one was the more available. If these 
organic-acid salts are to serve as carbon-containing test substances 
they must be used in a medium containing no other source of carbon. 

In order to determine the value of the salts of the organic acids as 
a source of carbon, the fermentation of 24 of these salts by the alkali- 
forming group of bacteria was studied. The fermentation was deter- 
mined in a synthetic medium of the following composition: 

INN IETS O) Mee) Ler Eve ee Ee cy Sta nena gram 0.50 

DASH (3 £4 0 De sy mn Ae On ee A I a mS do 17 
ECO iat A Ad ME YE ati; Metairie eminem ate te alle SNL Megas eat C@sce5°) AU) 

Watersdistilled te: cti.) ee ee Oe FERN AD SIE Me sis aa ees: 1,000 
Acidi(meutralized) wath Na@l)) yeh sees eee Ee a crams... © 1.2 

Urea and hippuric and uric acids were also used in the following 
media: 

Unea lt faisas. grams.. 2.00 | Hippuricacid-.gram. 1.0| Uricacid....gram.. 1.0 
Na,HPO,...-gram.. .50| NaOH quantity suf- NaQOH...... erams.. 8.00 
KO ies ore does Si ye LO ficient to neutral- CMR see en erame, 2. HO 

NaH,PO,....do..-. .17| izetheacid.gram. .50/ Water, distilled.c:c.. 1, 000 

Water, distilled.c.c.. 1,000 | NaH,PO,.----- dose 127 
Filter through Berke- 1 Oe aes eee does l0 

feld). Waterse.: ice Creme O00 

It is evident from the composition of the medium that if growth 
occurs the carbon must be obtained from an organic-acid salt. The 
fermentation of the organic-acid salts was measured by the change 
in the hydrogen-ion concentration. A change of more than P, 0.2 
being recorded as a positive fermentation. An exception is taken 
in recording the results of the fermentation of butyric, valeric, and 
caproic acids where any change from the control is recorded as posi- 
tive because of the possibility that these acids were split into simpler 
acids, and these simpler acids in turn oxidized to alkaline carbonates. 
The final hydrogen-ion concentration of the medium would in such 
cases depend upon the point in the fermentation at which it was 
determined. In every case a change in hydrogen-ion concentration 
from the control showed growth in the tubes. The complete result 
of the study is given in Table 10. It will be seen in the tabulated 
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results in the table that nearly all the organic-acid salts used were 
fermented to a greater or less extent. In the table are the results 
of hippuric and uric acids and urea, these substances being included 
merely for the sake of convenience; their fermentations will be dis- 
cussed later. 

Before proceeding with the fermentation of the salts of the organic 
acids it is necessary to call attention to the fact that the growth in 
the synthetic medium as used in this investigation with the organic- 
acid salts as a source of carbon was usually quite different in appear- 
ance from the growth obtained in the sugar broths. It was found 
that the alkali-forming bacteria frequently grew in a mass in the 
bottom of the tube and left the medium perfectly clear. Often when 
the greatest change in the hydrogen-ion concentration was noticed 
there was little appearance of growth in the tubes; at other times 
the medium became extremely cloudy. 

In connection with the fermentation of these organic-acid salts 
an attempt has been made to determine from which radical or 
radicals the carbon was obtained. The organic acids are grouped, 
therefore, in Table 11 according to the radicals they contain. For 
example citric, malic, and lactic acids are grouped together for dis- 
cussion because they contain a secondary or tertiary alcohol radical 
linked to a carboxyl] and to a methyl radical. 

It will be seen in Table 11 that all the 68 cultures studied were 
able to utilize carbon from the sodium salt of pyruvic acid. The 
table gives the structural formula of the different acids but it must be 
remembered that the sodium salt was employed. Pyruvic acid 
(CH,COCOOH) comprises a ketone (CO) radical connecting a methyl 
(CH,) and carboxyl (COOH). It seems that carbon was readily 
available from an acid of this structure. This acid was sterilized 
by passage through a Berkefeld filter so as to prevent decomposition 
by heat. The cultures also obtained their carbon readily from other 
oxyacids, such as citric, malic, and lactic. In such acids an alcohol 
radical connects the carboxyl to the methyl group, as illustrated by 

CH, 

| 
lactic acid, CHOH. The cultures were able to obtain their carbon 

| 

COOH 
almost as well from salts of such acids as succinic, acetic, propionic, 
butyric, valeric, and caproic, in which there is no alcohol radical, 
but one methyl group is linked to a carboxyl. 
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of the organic-acid salts and urea in terms of Py values. 
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TaBLE 10.—Complete results of the fermentat 
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The table shows that only a few cultures were able to ferment 
mucic, tartaric, and glyceric acid, in which there is a secondary 
alcohol radical connecting a carboxyl with another alcohol radical, 
as in mucic COOH(CHOH),COOH, tartaric COOH(CHOH),COOH, 
and glyceric CH,OH(CHOH)COOH. It seems to be somewhat easier 

for this group of bacteria to obtain carbon from glyceric acid when a 
primary alcohol radical (CH,OH) replaced a secondary (CHOH). 

Only 7 cultures were able to ferment tartaric acid, while none of the 
68 cultures were able to utilize glycolic acid. Tartaric acid has a 

CHOH COOH 
structural formula | where an alcohol radical is linked 

CHOH COOH 
CH,OH 

to a carboxyl and another alcohol, while in glycolic | an alcohol 
COOH 

radical is merely linked to a carboxyl. This difference in manner in 
which the alcohol radical is linked to the carboxyl may make it 
possible for*some bacteria to ferment tartaric acid. In malonic 

/ COOH 3 : 
acid CH, two carboxyls are linked by a methyl group and it was 

\ COOH 
found that 11 of the 68 cultures were able to obtain carbon from 
this source, while none of them were able to ferment oxalic acid 

COOH 
| when 2 carboxyl groups are joined directly. In this case 

COOH 
it seems that the presence of the methyl group connecting the carboxyl 
group makes it possible for a few cultures to obtain carbon, probably 
from the methyl radical. Our results indicate that carbon is not 
obtained from the carboxyl group, since none of the cultures were 
able to utilize oxalic acid. This, however, may be due to the poison- 

ous character of the acid. Whether this nonfermentability of the 
exalate is due to the configuration of the molecule or to the poisonous 
character of the compound, it is interesting to note that the work of 
Doryland (5) confirms this result as he was unable to obtain fer- 
mentation of oxalate when used as the only source of carbon in a 
synthetic medium in which 225 different bacteria were studied. 
A large number of the cultures could utilize carbon from the 

sodium salt of formic acid. It is possible to consider the structure 
ZO 

of this acid HO-C and it seems evident that the carbon can be 
\H 

obtained from the aldehyd radical. If the structure is taken as 
H-COOH the organism would have to obtain carbon from a carboxyl 
group, and if they are able to do this with formic acid they should be 
expected to ferment oxalic acid. 
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TaBLE 11.—Sumary of the fermentation of the organic-acid salts. - 
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Some of the bacteria were able to obtain their carbon from benzoic 
and salicylic acids, in which case it was apparently necessary for the 
bacteria to split the benzol ring. If they could obtain their carbon 
without splitting the benzol ring they would have to take it from the 
COOH group, and if it was possible in this case, it would be expected 
that they could also obtain carbon from the COOH group of oxalic 
acid. The sodium salt of benzoic acid was fermented by more cul- 
tures than that of salicylic acid, as is shown by the fact that 16 cul- 
tures fermented benzoic and only 12 salicylic. The stronger anti- 
septic property of salicylic acid, which possibly is due to the presence 
of the hydroxyl group, may make it difficult for some of the bacteria 
to grow in the presence of the acid salts. 
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The results of the study of the fermentation of the organic-acid 
salts indicate that some of the bacteria could obtain their carbon 
from the methyl, alcohol, or aldehyd (as in formic acid) radical of 
the salts of organic acids but not from the carboxyl group. Carbon 
was most easily obtained from the methyl group, as is shown from 
Table 11, where it is seen that most of the cultures were able to obtain 
their carbon from acids which had no alcohol radical, such as succinic 
or acetic. They were able to obtain it to about the same extent 
from citric, malic, and lactic acids, which contained both the methyl 

and alcohol radicals. In this case it is believed that the methyl 
radical supplies the carbon, since acids containing merely the alcohol 
radicals were not readily fermented. Only a small number of the 
cultures utilized the carbon from the alcohol radical where it was 
linked with a carboxyl and another alcohol radical, as in mucic, 
tartaric, and glyceric acid. The carbon did not seem to be utilized 
from an alcohol radical linked only to a carboxyl radical, as in 
glycolic acid. Pyruvic acid was easily fermented by all the online, 
and in this case the carbon may come from either the methyl or 
ketone radical. A. Fischer mentions in his book ‘‘The Structure and — 

Functions of Bacteria,’’ published in 1897, that bacteria are able 

to utilize carbon from the methyl radical more readily than from the 
alcohol radicals and they are unable to utilize the carbon from the 
carboxyl radical, as in oxalic acid. Our results confirm his opinion 
in the matter. 

When the salts of organic acids were eed an alkaline reaction 
was produced in most cases, the exceptions being butyric, valeric, 
and caproic acids. In the case of these acids the fermentation may 
proceed in one of two ways: Either the methyl radicals may be 
oxidized until a carbonate is produced and the medium becomes 
alkaline, or the acid may be split into other acids containing fewer 
carbon atoms. For example butyric may be oxidized as follows: 

CH, CH, CH, COOH+0,=2 CH, COOH 
butyric acetic 

CH, CH, CH, COOH+0,=HCOOH+CH, CH, COOH 
butyric formic propionic 

The oxidation of butyric acid to other acids may account for the 
increased hydrogen-ion concentration produced by certain alkali 
bacteria, since under ordinary conditions this concentration is lowered 
by the production of carbonates. Both these forms of fermentation 
may take place at the same time, but in the great majority of cases 
one or the other predominated, as is shown in Table 10. While 
many of the cultures produced an acid reaction in n—butyric and 
n-valeric acids, all those which fermented isobutyric, a or B oxy- 
butyric, and isovaleric acids produced an alkaline reaction. 
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In order to show whether the alkaline reaction was due to the 
production of carbonates or bicarbonates, or both, Table 12 has been 
prepared, using the organic acids which were utilized as test sub- 
stances in this investigation. Here again attention is called to the 
fact that the essential process in the production of an alkaline reaction 

is the replacement of the relatively strong organic acids by the 

relatively weak carbonic acid. The figures in the table are based 
on the complete oxidation to the carbonate or bicarbonate of 100 c. ¢. 
of a 0.1 per cent solution of the acid. In the next to the last column 
of the table the tenth-normal equivalent is given in cubic centimeters 
for both the carbonate and bicarbonate. This table should be 
studied in connection with the plot in figure 1 which represents the 
change of any of the 
test acid salt media 
from the initial P, 6.9. 
The resulting hydro- 
gen-ion concentration 
obtained when known . 
amounts of tenth-nor- 
mal NaHCO, were 
added to the medium 
above is represented 
by one curve. The 
other curve was ob- 
tained similarly by 
plotting the resulting 
hydrogen-ion concen- 
tration when known 6 BG 
amounts of tenth-nor- 
mal Na 2 CO, were Fic. 1.—Curve showing effect of addition of bicarbonate and sodium 
added to the same carbonate on the reaction of the sodium-ammonium-phosphate 

medium. 

40 45 20 
Cubic centimeters of & alkal 

syntheticmedium. It 
will be noted that the large quantity of alkali generated by some 
of the fermentations could not possibly be due to the complete 
oxidation of the acid to bicarbonate. Let us take, for example, 
propionic acid; on complete oxidation this acid yields an equivalent 
of 1.3 cubic centimeters of tenth-normal alkali. From the curve it 
is seen that 1.3 cubic centimeters of tenth-normal alkali gives a hy- 
drogen-ion concentration of P, 7.9 while the average hydrogen-ion 
concentration of the alkali group of bacteria which fermented pro- 
pionic acid was P,, 7.4. 

From this it is evident that the entire amount of alkali produced 
from this organic-acid salt might be accounted for by the production 
of sodium bicarbonate. On the contrary, if we examine the figures for 
glyceric acid it will be found that this acid on complete oxidation yields 
an equivalent of 0.94 cubic centimeters tenth-normal alkali, which corre- 
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sponds on the plot to a hydrogen-ion concentration of P, 7.65. The ay- 
erage hydrogen-ion of the cultures which fermented this acid was Py, 
8.1; therefore the alkali produced by the fermentation of this organic- 
acid salt can not be due to the formation of sodium bicarbonate alone 
but must be due to sodium carbonate, or a combination of the two. 
In the 14 acids calculated and shown in Table 12 by similar manip- 
ulation of the plot, it was found that 6 of the acid salts, namely, 
citric, malic, succinic, glyceric, tartaric, and malonic produced 
alkali enough to account for the production of sodium carbonate 
alone, or the carbonate and bicarbonate together. The remaining 
acid salts can furnish alkali enough upon complete oxidation to 
account for the entire alkalinity either through the formation of 
sodium bicarbonate alone or a combination of the two. These plots 
do not show exactly the conditions found in the cultures when there 
is a replacement of a strong acid radical by the weak carbonic acid. 
Although these plots show only the effect of the addition of car- 
bonates, they nevertheless clearly indicate the tendency of both the 
carbonate and bicarbonate to decrease the P, value of the medium. 

They further show the relatively weak effect of bicarbonate when 
the medium is at a P, included in the zone where the carbonic- 
bicarbonate equilibrium is obtained, and indicate very nearly the 
quantitative effect of the replacement mentioned above provided the 
acid replaced has a dissociation constant much larger than that of 
carbonic acid. This last condition does in fact apply to all the acids 
studied. 

TaBLE 12.—Theoretical carbonate production from organic-acid salts, together with the 
average Py value produced by the alkali-forming bacteria. 

Na:CO3 ob- | NaHCOs ob- . 
tained by tained by nay verage 

Aga complete complete nak hydrogen- 
: oxidation of | oxidation of N/10 Alicali ion con- 

0.01 gram of | 0.01 gram of ‘| centration. 
acid. acid. 

Gram. Gram. C. c. Pq. 
Citrict ie Se a et ne BSR, 0. 008275 0. 01311 1. 562 8.53 
0.9 Wey eae gS ors eee en ae sey erg ae - 007905 - 01252 1. 490 8. 56 
TACTIC ESS I A oe etre komelttas ak ekeccmotenieeee - 005887 - 009333 1.110 7.72 

Suceinieve ye fe). CES Ie rhe. HEEB Re eS . 008974 - 01422 1.693 8.32 
INGOT CEE eae nace n ace ene seisaeen one women ae wae - 008822 - 01399 1.665 8. 00 
IProprioniciey sss 3232 Soka e Ns SIAUEE pA Shae - 007158 - 01134 1.351 7.42 

Butyriessas. Sel eRe ee eel adeec ba asok - 006019 - 09541 1.136 7.27 
IMA CTO ye fs a ai spe es ae pe Nees e - 005165 - 007997 - 9520 7.53 
Gly ceric are eee Ss eae apn ee ee ee - 004996 - 007921 9429 8.10 

MartariCsa sash Se ye sibs eee eke ayo. Meet see LS ON - 007062 - 01119 1.333 8.33 
11 By Lokal (eee 4 ae SOE Be a ON SA eer a ee tee ome - 01020 - 01615 1. 923 8. 66 
OTIC Ae hs ee een eee Nee eek Nes eee hie ee - 0152 . 01826 2.169 8. 20 

BBY 3 0110) (hes a ape ae a a ae eng Rima Ss - 004341 - 006882 - 8191 e's 
SPIEL GNUKOAUENL SURE aa 2 rae CT alee ee Sees Peers ten Moly oe - 003838 - 06084 . 7241 7.25 

When hippuric and uric acids and urea were used no other source 
of nitrogen was supplied; therefore the organisms had to obtain both 
their necessary carbon and nitrogen requirements from these com- 
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pounds. The urea was sterilized through a Berkefeld filter, so there 
was no ammonium carbonate present as would have been the case 
if the ordinary method of steam sterilization had been employed. 
Ammonia was an end product from all three of these test substances, 
and with urea the only alkali end product possible. Reference to 
Table 10 shows that 13 of the cultures fermented hippuric acid, 8 
uric acid, and 41 urea. In addition to the 68 cultures of alkali- 
forming. bacteria isolated from dairy products, the fermentation of 
the organic-acid salts was tried with 55 known cultures, namely, 37 
strains of dysentery, 6 of proteus, 6 of typhoid, 3 of paratyphoid, 
and I each of B. abortus, B. bronchisepticus, B. fecalis alkaligenes, 
and B. enteriditis. The results of the fermentation of the citric and 
lactic salts and ltmus-milk reaction are given in Table 13. It is 
evident from the results that all the cultures fermented the citrate 
and a large number of them the lactate. Many of the cultures gave 
characteristic milk reaction of the alkali-forming group of bacteria. 

TaBLE 13.—Fermentation of the sodium salt of citric and lactic acid together with the 
milk reactions of known cultures. 

Pu value, 3 Pu value, 3 
Litmus-milk days at 37° C. Litmus-milk | days at 37°C. 

Culture. reaction, 7 days Culture. reaction, 7 days 
at 30° C. at 30°C. 

Citric. | Lactic. Citric. | Lactic. 

Controle senate | eee Sass s occcee 6.8 7.2 || Dysentery— 
Continued. 

Proteus: Sie cee No change...... 7.4 7.3 
JCI ie Seales Alkaline........ 8.4 6.9 Qe on caeneaee Slight acid.....- 7.4 Teil 
ACN Eee Listes dole. ta xs 8.8 8.6 IO nec eee No change. ..-.- 7.4 7.4 
CU eee don esr 8.3 7.2 i i Ieee ea Pas Gopstetesce: 7.4 Uo 
JNO pene Bees dOnt Ga 8.3 7.0 V2 ais noean Sess (10) Soc eeeee 7.4 ee 
/\ Da aac Seas dolls ints 8.4 1B 1 Eee Coa eted, acid. 7.4 7.4 
ACD Gitew eens: Lae Gorse soe 8.3 7.0 1 Ve epee s Aguas he) Slight acid. ..... 7.4 7.3 

Typhoid: 15S s 522 Ae ee GOL eee Iey, 7.4 7.4 
(7 Gepsee eee Seas uaied, acid. 7.5 7.3 1 as Soe Alkaline.-....-. 7.4 fe 
GOS eee ne No change. -..-- 7.4 7.3 LCS oe oi No change .....-. 7.4 7.4 
Rowd.....- Alkaline. -...... 8.4 9 1 eee sees CO Sa aeaosoe 7.4 dell 
M. T. S_.-:| Slight acid. .:-.2 7.3 7.3 PAs ees Se ae eed ap Fe eee 7.4 Tee 
Hop.....--| Coagulated, acid. 7.4 CS DU EM sana ROL oss. 535 /5 7.4 eee, 
EG p22: 225 = leeeos (0 (0 een ds Woe 7.0 22 2 Sef 2 Gee nied: acd- 7.4 7.8 

Paratyphoid: Slight alkaline... 8.6 Lost. 
GaSe No gu auee eevee 7.4 7.0 Slight acid-.-..- 7.4 7.0 
ase emia eTeoline: S 8.5 CeGyl ||. 7A Sdogodasee| coaee Goss 2s eee 7.4 7.0 
re eee none eeere do aa as 8.5 TEEN Ot rddeisesae ean e|oecee doe ee. 7.4 7.0 

B. enteriditis...|.....do......--.- 8.5 UB No change: aS one 7.4 7.4 
TS MLUOT EUS eee te) 5 28 doses ioe. 8.4 Toa WW Peeceesoekeclesooe do. 7.4 7.3 
B. bronchisepti- |.---- GOs seheecac: 7.3 Usd [ly eng, 20a ae om eet a ie GOs mecca ces 7.4 183 

CUT tp eo ter He Sh el ee SORA Se Cas dows sates 7.4 7.4 
Deysentery: Bae oes ete GO eae = 7.4 7.3 

No change. ...-- 7.4 7.3 y Slight acid-.-... 7.4 ie 
Sa Bema Bore (3 ot irae Teas gr ied No change. ...-.. 7.4 7.9 

Slight acid...... 7.4 7.3 do 7.4 (i533 
No change. -..-.. 7.4 1.3 7.4 dias} 
Slight acid. ...-. 7.4 7.4 do. 7.4 1583 

HEE Sel ere GOs i Leas 7.4 7.4 Slight acid.. 7.4 7.0 
No change. -.--.-.. 7.4 7.0 Bis eee ee No change. --..-- 7.4 7.4 

The salts of organic acids not only serve as a source of carbon 
for the alkali-forming bacteria and, therefore, are valuable test 
substances, but their use need not be limited to the bacteria of 

this group. In fact, it seems probable that they may have an 
extensive application in the study of other groups of bacteria. 
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REDUCTION OF NITRATES AND NITRITES. 

In view of the fact that all the organisms of the alkali-forming 
group of bacteria could utilize nitrogen from nitrates, it is certain 
there must be a reducing action. It is of interest, therefore, to 
point out the action of these bacteria in reducing nitrates to nitrites, 
as is shown by the ordinary tests for reduction generally used in 
bacteriological work. The reduction of nitrate to nitrite was first ~ 
tried in the ordinary nitrate broth, which consisted of 0.1 per cent 
peptone and 0.02 per cent potassium nitrate. Cultures were incu- 
bated in the broth for seven days at 30° C., then tested for the 
presence of nitrite. The results of these tests are shown in Table 
14. It will be seen that according to this test only seven cultures 
reduced nitrate to nitrite. Reduction of nitrate was then tested 
by using a medium in which beef extract was the source of nitrogen. 
In one case 0.2 per cent extract was used with 0.02 per cent nitrate, 
and in another case 0.1 per cent extract with the same amount of 
nitrate. The results in the table show that after 24 hours in the 
0.2 per cent beef extract 11 cultures reduced the nitrates, while in 
the 0.1 per cent beef extract 18 cultures gave a nitrite test. After 
seven days’ incubation 47 cultures reduced nitrate in 0.2 per cent 
beef extract and 40 cultures in 0.1 per cent beef extract. 

Taste 14.—Reduction of nitrates and nitrites in simple and complex media. 

podium nitrate, pone nitrite, 
pep: .2 per cent; so- .2 per cent; so- 
tone, Oper cont beet paver cent Beet dium-lactate, dium lactate, 

0.02 per ar cent 1 IDR ér cent 1 alee 0.25 per cent; 0.25 per cent; 
cent Lee meee 2. ee Pet 5 sodium-dibasic sodium-dibasic 
potas- 2 ; phosphate, 0.1 phosphate, 0.1 

Culture No. sium per cent. per cent. 
nitrate. 

Nitrite | Nitrite | Nitrite | Nitrite | Nitrite | Nitrite| Change | Ammo-| Change 
test, 7 | test, 24 | test, 7 | test,24| test, 7 | test, 14} in titra- |nia test,| in titra- 
days. | hours. | days. | hours. | days. | days. tion. |14days.| tion. 

= = = = = = =0.05 | = —0.10 

— — + — — + — .61 — —0.72 
— = + — — + = 08] = — 584 
= = ae = ue = = 15) = — .59 
= — + — — + = 3) = — .76 
= = = = = dL =i, = —1.28 

— — + - + + 15 —1.08 
= = = = = a —1.05 = =i 91 
= = = = = a Sig = 1.3 
= = ar ar ae + =—1.21 — —1.16 
- = + — + + — | = — .66 

UB race meas cata apaeteratspsisie + + ar ar ar at 0! = 42 
UGE Sere Aes a aE eas a _ + _ + + — .95 — — .99 
OD a aN cena = = = = = + = 0 |. = — .95 
OS See ae Se — — - — + 02 0 — 0 
Le Sed See eee Tas = — + + + + — .84 =_ — .87 

ASRS cared pal — — + — + + — .92 — —1.26 
LOG eee ee DI Cie detec —_ — + — =— + —1.12 — — .&6 
LO Ticket a oer SS —_ — — —_ — + — .82 — — .49 
AAO Se et ie es Os Gia a ty — — + + + + — .89 = — .90 
DALES TRE Se A eg a a — _— + — + + —1.27 _ —1.05 

1 “0”? means no change in titration. 2‘Q”” under nitrite test means no growth of culture. 
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TaBLE 14.—Reduction of nitrates and nitrites in simple and complex media—Contd. 

= 0.1 per 
cent aa dium nftrate, | Sodium nitrite, 
ep- .2 per cent; so- | 0.2 per cent: so- 

fone UL 2INSE Cony Tee | Uo. ee cae De dames. dium lactate 
extract, 0.02 extract, 0.02 y 2 

DOZEN || ss Gasaie TTT II TOSI GETIE GOGE 0.25 per cent: 0.25 per cent; 
cent hate aaa eee Seah «| Sodium-dibasic | sodium-dibasic 

potas- : : y phosphate, 0.1 phosphate, 0.1 
Culture No. sium per eent. per cent. 

nitrate. 

Nitrite | Nitrite | Nitrite | Nitrite | Nitrite | Nitrite; Change | Ammo-| Change 
test, 7 | test, 24| test, 7! test, 24] test, 7 | test, 14| in titra- Inia test,| in titra- 
days. | hours.| days. | hours. | days. | days. tion. |i4days.| tion. 

= — + — + + = 05) = = BY 
= = + = = + — .63; — — .40 
- = = esas sigh e + + — .92] — = 8 
= = qe Se ar = = off — — .99 
= = ar = ote ar — .97 — = arith 

= = - — + + ay | = —1.20 
cle = = = + — — .93 _ — .86 
— — + - + + = 5 = .35 
+ + + + ae + = i | = — .66 
if a = es pa = = 7 | = —1.40 

Dota termes = hen siesta — = 45 + = + =. 97 — — .63 
Oils SanSapeeas-O sc seener — = + — + + = -e7 — — .99 
(OR oo .o3 JS RC URS ee aE Sam — = ar + Ss + —1 03 — — .96 
1.GS Soe Seoose Ae eereee a = + _ + + —1.01 _ — .84 
WAS Reine aia = Seeesacee tae a — + — + + — .85 — — .85 

Tg)1 SAS SRC see es Es = = = = + 1.09 | = =, 19) 
Blo 3h gasses sneaee es ree - = — — _ = — .97 _ — .68 
1gWig Quee ase ee gee ee eae = — = — + — .93 — — .91 
1BBise comcSde seer DeeEeeese + + - + an ae — .05 — — .62 
pape ea BENT LL) de - + + + = oil = == fail 

= - j= = — + =1.02 |} = = Si 
— = aF = oil — — .88 
— = + — .89 - — .63 

ae 5 | = =i1,0i 
i = = S = + 1,10) = —1.33 

- = ae _ + ae = 06 | = = i 
= — + = + ab 11.03) = —1.45 
te a ne ie as ae = 16 |) = =P 
= — ae = + + il. as —1.01 
= ae + = AE a — .97 = —1.34 

= a + = ip = —1.05 — —1.00 
= = = = 0 (a =i il 
— = — — = 0 a0) = 0 
— ete + — ar 0 0 — 0 
= = al ak ate + —1.19 — —1.52 

= = ae = — 0 QO} = = fil 
= = ab a + -- — .88 = — .26 
= + ar SP ae + — .75 = — .72 
te + ar ar te + — .94 — — .97 
= + aF ar ae AP — .90 — — .48 

BO Glesers ners oe ers sissalejeiaa — + + + + + —1.00 — = oil 
Sh) sae bale nene eee eran = ae de = + 0 QO} = 0 
S158). scomermeunce Jememeete + + ae + + + — .4i = — .23 
Sills As, 5S Skee ANA aga ee = es = = = ae = Sh |} oe = . (Bil 

DOOR RIICEEEE cise sacisice enacts + + + + + + —1.10 — — .62 
GiGi asst a ei = = ae = 4 + = .89 |. = — .18 
20) 2b. Sat aaa = = + + ae + = 18) = — .43 

It is interesting to compare the number of positive nitrite tests 
in the peptone nitrate broth, where only seven cultures gave a 
positive nitrite test after seven days, with the 0.2 per cent beef- 
extract nitrate broth where 47 out of a total of 68 cultures showed 

This small number of reductions a nitrite test after seven days. 
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of nitrate to nitrite in peptone broth was probably due to the fact, 
which has been previously explained, that the organisms of the 
group did not develop well in peptone solution. While they could 
use it as a source of nitrogen with a suitable source of carbon, it 
was a poor source of nitrogen when used alone. With beef extract 
a source of carbon was probably supplied for the alkali-forming 
bacteria from the salts of the organic acid present in the ex- 
tract; consequently these bacteria could grow better, and as a 
result there was a larger number of cultures which could reduce the 
nitrate to nitrite. 

It has been seen, however, that these bacteria could utilize nitrogen 
from nitrate; consequently it should be expected that all the cultures 
should show a reduction and a positive nitrite test. Tests were 
made, therefore, in a medium containing 0.2 per cent of sodium 
nitrate, 0.25 per cent sodium lactate, and 0.1 per cent sodium- 
dibasic phosphate in distilled water. This medium was inoculated 
and incubated at 30° C. for 14 days and then tested for the presence 
of nitrite. Table 14 shows that 57 cultures gave a positive nitrite 
test. Seven did not grow in the experiment, although at other 
times they grew in the same medium. The remaining four cultures 
did not show a positive nitrite test. In order to show that there 
was a growth in all cases except the seven mentioned, titrations 
were made to determine the production of alkaline carbonates due 
to the oxidation of the sodium lactate. It will be seen from the 
table that all the cultures except those which did not show any 
growth produced an alkaline reaction. Even the five cultures 
which showed negative nitrite tests produced an alkaline reaction, 
showing that the nitrogen for growth must have been obtained 
from sodium nitrate; consequently there must have been a reduction. 
The probable reason why there was growth without a nitrite reaction 
is because nitrites may be utilized by this group of alkali-forming 
bacteria as well as nitrates. This is shown in Table 14 through the 
alkaline change in reaction in the medium composed of 0.2 per cent 
sodium nitrite, 0.25 per cent sodium lactate, and 0.1 per cent dibasic- 
sodium phosphate and distilled water. 

It will be seen from the results that all but 5 cultures produced an 
alkaline change, showing the ability of the organisms to utilize sodium 
nitrite as a source of nitrogen and consequently reduce it. The five 
cultures that failed to show the nitrite test in the sodium-nitrate 
medium all produced an alkaline change in the sodium-nitrite-lactate 
medium. It is probable that these organisms failed to show a 
positive nitrite test because the nitrite was used up as soon as formed 
from the nitrate. Since these alkali-forming bacteria could reduce 
nitrite, it was natural to expect that it might be possible to determine 
the reaction by means of the determination of ammonia as shown by 
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Nessler’s reagent; consequently all the cultures in sodium-nitrite- 

lactate medium were tested for the presence of ammonia. ‘The test, 
however, was found to be negative and since it was known that these 
bacteria could utilize ammonia as a source of nitrogen the results 
indicate that as the nitrite was reduced to ammonia the latter 

was immediately used up. 
The results showing the reduction of nitrate and nitrite by the 

- alkali-forming group of bacteria are of particular interest, since they 
point out the difficulty of obtaining accurate tests for these reductions 
without a thorough understanding of the physiology of the bacteria. 

ARBITRARY GROUPING OF THE ALKALI-FORMING BACTERIA FROM MILK. 

An attempt has been made to arrange into groups the 68 alkali- 
forming bacteria used in this study in order to show the possibility 
and emphasize the use of the organic-acid salts, carbohydrates, and 
alcohols as test substances when used as the only source of carbon 
in a synthetic medium. In the chart, figure 2, it may be seen 
that the cultures have been divided first according to their morphology 
into cocci and bacilli, then further subdivided on the basis of their 
fermentation of dextrose. After the division of the cultures into 
positive and negative dextrose, they are again divided into sub- 
groups according to their ability to ferment mucic, tartaric, malonic, 
or glyceric acid salt. In this grouping, in order to differentiate fur- 
ther and bring out the main points of difference in the cultures, the 
following organic salts were used—formic, butyric, valeric, hippuric, 
uric, and urea. While these organic-acid salts were used to group 
the cultures, it often happened that other easily fermented organic- 
acid salts not mentioned had to be utilized to distinguish the different 
subgroup members further. Examples of such are the salts of 

. malic, acetic, and citric acids. 
For the convenience of those who may study alkali-forming organ- 

isms each subgroup has been given an arbitrary number. The fer- 
mentation of dextrose and the salts of the organic-acid salts men- 
tioned were, for the purpose of this paper, considered primary char- 
acteristics in distinction to the secondary characteristics which are 
shown in the lower half of figure 2. It is of interest to observe that 
the alkali-forming bacteria studied in this work and grouped accord- 
ing to what are considered primary characteristics, also had secondary 
characteristics which correlated with the primary. Thus by refer- 
ring to the chart it may be seen that all the fluorescent cultures fell 
into subgroup 4, all the gelatine liquefiers fell into subgroup 6, while 
all the cultures that fermented the alcohols, such as mannite and 
glycerin, fell into subgroup 9. The only cultures that showed gas 
in dextrose broth also were in subgroup 9. The pigment formers, 
which were also the cultures that fermented saccharose, fell into 
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ALKALI-FORMING BACTERIA FOUND IN MILK. 85 

subgroup 11. Another noticeable secondary characteristic was the 
uniform limiting P, value in dextrose medium A, the composition 
of which was given on page 13. Each subgroup of the dextrose 
fermenters utilized the carbohydrate to a practically constant limit- 
ing hydrogen-ion concentration, as is shown for example in subgroup 
10, where all the 6 cultures fermented dextrose to P, 6.2 after 7 
days’ incubation at 30° C. The reaction in milk was similar in sub- 
croups 4,5, and 6. In these 3 groups there was first a primary alkali 
fermentation which was followed by what was apparently a second- 
ary acid fermentation, during a period of 30 days’ incubation. The 
secondary characteristics of this group have been given in detail so 
as to emphasize further and show the possibility of the new method of 
grouping alkali-forming bacteria according to their ability to utilize 
carbon when supplied in a synthetic medium from organic-acid salts, 
carbohydrates, and alcohols. It was impossible to make this study 
cover all types of the alkali-forming bacteria, because the definition 
chosen for this group is so simple and yet so comprehensive that it 
must include a very large number of species of bacteria. Therefore, 
the scheme for grouping this particular collection of alkali-forming 
organism is not intended for a definite classification of all the alkali- 
forming group of bacteria. It should serve, however, as a possible. 
basis for future work along this line and particularly to draw attention 
to the fact that the fermentation of organic-acid salts is a reliable and 
important means for classification, especially for organisms of this 
type occurring in soil. 

SUMMARY AND CONCLUSIONS. 

1. The alkali-forming bacteria may be defined as those bacteria 
which produced an alkaline reaction in milk without visible signs of 
peptonization. In litmus milk this reaction appeared sometimes 
within 48 hours, usually within 5 days, while occasionally a longer 
period was required. The alkaline reactions were caused primarily 
by the oxidation of the salts of citric acid to alkaline carbonates. 
Other organic-acid salts if present in milk may also be similarly 
fermented. Ammonia played little or no part in causing the alkaline 
reaction during the first 7 days of incubation, but at later periods 
a few cultures produced considerable ammonia. Several cultures 
showed a primary alkaline fermentation which was followed by what 
was probably a secondary acid fermentation. 

2. The alkali-forming bacteria studied were isolated principally 
from milk, a few being obtained from ice cream. These organisms 
were found in large numbers in numerous samples of soil and also 
water. They were present in large numbers on the hands of farm 
laborers, and in unsterilized milk utensils. While not present in 
the udders of cows, the alkali-forming bacteria were present in 
relatively small numbers in cow feces. It seems evident that the 
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organisms of this group found in milk were principally soil bacteria 
introduced into milk largely from unsterilized utensils, with dust, 
or from the dirty hands of milkers. Cow feces may also play a small 
part in the contamination. In general, soil can not be considered 
the only source of these organisms, because there are many bacteria 
from other sources, which would be placed in this group on account 
of producing the characteristic milk reaction. 

3. Cultures of the bacteria included both cocci and bacilli which 
grew best aerobically at temperatures ranging from 20° to 30° C. 
When heated in milk for 30 minutes, the thermal death point. of 
these organisms ranged from 60° to 65.6° C. No spores were ob- 
served. Most of the cultures produced aslimy growth on agar, several 
showed fluorescence and a few showed pigment formation. 

_ 4, Sodium-ammonium phosphate was used as a source of nitrogen 
in the study of the alkali-forming bacteria. While the organisms 
could utilize nitrogen from numerous organic materials when suitable 
sources of carbon were supplied, either contained in them or supplied 
from other sources, it was found necessary in studying the fermenta- 
tion of test substances to have a definite source of nitrogen free from 
carbon. 

5. In studymg the fermentation of test substances, nitrogen was 
supplied by sodium-ammonium phosphate, while the test substance 
furnished the carbon. The ordinary beef-extract broth was not 
found to be suitable for the determination of the fermentation of 
carbohydrates, because carbon was available either from the carbo- 
hydrate used or the organic-acid salts present in the beef-extract 
broth. It was possible, therefore, for a simultaneous acid (from the 
carbohydrate) and alkaline (from the organic-acid salts) fermenta- 
tion to take place, in which case the final reaction would depend on 
the rate of the two fermentations. It was often found that in beef- 
extract broth the acid fermentation was entirely masked by the 
alkali fermentation. To overcome this as far as possible a synthetic 
medium was used which contained a single source of nitrogen and 
single but different source of carbon. Dextrose was the most easily 
fermented of the carbohydrates tested. Of the 68 cultures examined 
44 fermented dextrose, 11 lactose, and 2 saccharose, while none fer- 
mented raffinose. Dextrose and galactose were fermented to about 
the same extent and many media showed a high hydrogen-ion con- 
centration, while lactose and saccharose were fermented only slightly. 
In extract broth there was no evidence of a lactose fermentation— 
in fact, the reaction went alkaline—but in the synthetic medium a 
sight but distinct fermentation was observed. 

6. The monoatomic alcohols ethyl, propyl, and amyl were more 
readily fermented than the polyatomic alcohols mannite and glycerin. 
The alcohols tested were the only source of carbon in the sodium- 
ammonium-phosphate medium. 
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‘7. Organic-acid salts were easily available as sources of carbon 
when used in-the synthetic medium, and in most cases an alkaline 
reaction was produced, due to the formation of bicarbonates or car- 
bonates. The exceptions were when the salts of n—butyric, n- 
valeric, or caproic acids were used. These acids may be split into 
other acids and if the fermentation is not carried far enough the 
reaction may become acid. 

An attempt was made to determine from what radical or radicals 
the alkali-forming bacteria obtaimed their carbon. The results of 
the study indicate that it may come from the methyl, alcohol, or 
aldehyd (as in formic acid), but not from the carboxyl group (as in 
oxalic acid). Carbon was most easily obtained from the methyl 
group (as in succinic, acetic, etc.), and about as well from the methyl 
and alcohol group when attached (as in citric, malic, or lactic acid). 

Carbon was not easily available from the alcohol radical when it was 
linked to a carboxyl and another alcohol radical (as in mucic, tar- 
taric, and glyceric acids). It was not available from an alcohol 
radical when linked to a carboxyl (as in glycolic acid). Apparently 
the benzol ring can be split by some bacteria, for a few of the cul- 
tures were able to obtain their carbon from the salts of benzoic and 
salicylic acids. 

Some of the cultures were able to obtain both autronet and carbon 
from urea and also from uric and hippuric acids. Numerous known 
cultures, some of which give the characteristic alkaline milk reaction 
of the alkali-forming group, were capable of utilizing the salts of 
organic acids as a source of carbon when grown in a synthetic 
medium. Among these were cultures of proteus, typhoid, paraty- 
phoid, and dysentery; also B. abortus, B. bronchisepticus, B. fecalis 
alkaligenes, and B. enteriditis. It is believed therefore that the 
salts of organic acids may serve as valuable carbon-containing test 
substances for the further identification of bacteria. 

8. The alkali-forming bacteria readily used the nitrates and 
nitrites as sources of nitrogen, but when tested for the reduction of 
nitrates and nitrites in the commonly used peptone medium very 
few showed any evidence of reduction. The ordinary method of 
testing the reduction of nitrates to nitrites is of no value when 
alkali-forming bacteria are being studied. This may be equally true 
of other groups of bacteria. Special media should be used, there- 
fore, whenever possible. 

9. An arbitrary division of the alkali-forming bacteria found in 
milk has been made. This classification was based primarily on the 
fermentation of dextrose and the salts of organic acids, and serves 
to show the value of the fermentation of the organic-acid salts for 
this purpose. Each subgroup has been given a number as a matter 
of convenience for those who may study these types of bacteria in 
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the future. No attempt has been made to group these cultures on 
the basis of the accepted principles of classification. 

10. It is hoped that the results presented may give a clearer con- 
ception of certain types of alkaline fermentation. Probably many 
alkaline reactions presumed to be due to ammonia formation are in 
reality the result of the oxidation of organic-acid salts to alkaline 
carbonates. These alkaline fermentations, occurring as they may 
with acid fermentations, greatly complicate the fermentation of 
various test substances. This type of alkaline fermentation may 
explain many obscure results which occur in bacteriological studies. 
Furthermore, since organic acids are suitable sources of carbon for 
many bacteria, they may serve as an extensive set of test substances 
by means of which the physiological characteristics of bacteria may 
be further studied. The fermentation of organic-acid salts should 
be of particular value in the study of bacteria which fail to ferment 
the usual test substances, such as carbohydrates, alcohols, and starches. 
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INTRODUCTION. 

Among the insect enemies of stored products which have been ob- 
served recently in this country, a small whitish larva or caterpillar 
of the moth Corcyra cephalonica Stainton (Pl. 1) has attracted atten- 
tion by its injuries. It resembles somewhat the better-known fig 

‘moth (EL phestia cautella Walk.). It has not been noted as a pest of 
importance, and has been given no common or English name. As it 
is somewhat widely reported as destructive to stored rice it may 
be called the rice moth. Beginning with October, 1911, complaints 
of damage by this insect were received from a firm manufactur- 
ing chocolate in western Pennsylvania, and a year later from an- 
other manufacturing firm in the same State, but the species was not 
positively identified until 1916. 

NATURE OF INJURY. 

The first correspondent of the Bureau of Entomology who wrote 
of this insect stated that beans of cacao (Theobroma cacao) imported 
from the Tropics were subject to attack by the larva. Apparently it 

104409°—19 
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laid its eggs in the beans, which are sometimes warehoused for several 
months, in the country from which they were shipped. During this 
period of storage additional generations of larve are hatched which 
destroy large quantities of the cacao beans or render them unfit 
for sale. The rice moths have been found most numerous in the 
older beans and also occur abundantly in cocoa nibs, in cocoa in 
powdered form, in refuse cocoa dust, and in ground cacao shells, 
so that they may be said to feed on any form of the cacao bean from 
the shells to the finished or edible article, cocoa or chocolate in 

powder, in cakes, and in confections, whether the substance is sweet- 
ened or unsweetened. 

Later moths and lar- 
vee of this species were 
received in rice from 
different sources which 
will be mentioned here- 
after. 

This species works in 
much the same manner- 

=. as do the fig moth (Z'ph- 
oo = a= estia cautella Walk.) 

SASS = QS and the Indian-meal 
' INS moth (Plodia  inter- 

a punctella Hbn.), form- 
MT tre Sree SS ing a still stronger 
a ae thread than do these re- 

Fig. 1.—Diagram showing wing venation of the rice moth lated forms, and mat- 
(Corcyra cephalonica). (After Durrant and Bever- ting the infested ma- 

Te ‘ terial more closely. In- 
deed, this thread or webbing in the case of powdered cocoa becomes 
so dense that in close quarters the moths when emerging are scarcely 
able to make their exit. As a consequence of this and of the further 
fact that the food supply becomes too dry to be eaten, many of the 
larve perish. This is true not only under artificial conditions in the 
laboratory but has been noted in manufacturers’ storerooms, 

DESCRIPTIVE. 

THE MOTH. 

While, as previously stated, the rice moth resembles in certain re- 
spects some of our common moths which breed in stored cereals, 
dried fruits, and similar material, it does not belong to the same lepi- 
dopterous group, being a member of a different family, the Pyrali- 
dae, and subfamily, the Galleriinae, and closely related to a small 
group of moths which are best known as occurring in the combs of 
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honeybees and certain species of wasps. Indeed, it is most closely 
related to the lesser bee moth (Achroia grisella Fab.), a somewhat 
uncommon species in this country, but well known abroad. 

Corcyra cephalonica is extremely variable in size, specimens which 
were first reared from material received from western Pennsylvania 
being quite small, while individuals from later generations are much 
larger, and in some cases show markings on the forewings more dis- 
tinctly. A moth is shown in Plate I, A, with wings extended; the 
natural position at rest is shown in Plate I, B; and the wing venation 
is illustrated in text figure 1. 

The following technical description is reprinted from Durrant 
and Beveridge: 

Antennae whitish fuscous; basal joint with some darker fuscous scales. 

Head and Thorar very pale fuscous, sometimes whitish fuscous, or darker 

fuscous. Fore wings very pale fuscous, the veins more or less indicated by 

darker fuscous scaling, and with a tendency to suffusion over the whole wing, 

except along the dorsum which remains of the pale ground-color; in some 

specimens the darker markings are almost absent, in others there is a tendency 

to form two irregular transverse dark lines, one at the end of the cell, the 

other at about half the wing-length, with some dark shading toward the base; 

a more or less distinct dark spot occurs on the margin at the end of each vein; 

cilia pale fuscous, with some admixture of darker scales. Hzp. al. 14-24 mm. 

Hind wings, ¢ fuscous; 2 shining whitish fuscous; cilia with a slightly paler 

line at their base. Abdomen and Legs pale fuscous. 

SYNONYMY. 

Corceyra cephalonica Staint., Ragonot, Ent. Mo. Mag., v. 22, p. 22, 23, 1885. 

Melissoblaptes (?) cephalonica Staint., Ent. Mo. Mag., v. 2, p. 172-173, 

1866. 

Melissoblaptes translineella Rag.-Hamps., Mém. Lep., p. 491, pl. 45, fig. 

23; pl. 51, fig. 26, 1901. 

Tineopsis theobromae Dyar, Ins. Inscit. Mens., vy. 1, no. 5, p. 59, 1913. 

THE EGG. 

PALI 

The eggs have a pearly luster, are variable in shape, and have at one end 

usually a decided nipple, somewhat like that of certain fruits. The eggs are 

sufficiently large to be readily seen without the aid of a lens, and resemble 

somewhat those of the Mediterranean flour moth (EHphestia kuehniella Zell.). 

The exact dimensions have not been obtained. 

THE LARVA. 

Pl. 115, A: 

The larva when fully developed bears some resemblance to that of Plodia 

interpunctella. The sutures of the joints are somewhat more pronounced ; the 

general color varies from white to a dirty, slightly bluish gray with occasional 

faint greenish tints. This dirty appearance of the larve is due to the dark 

material on which they feed and is especially evident in the immature stages. 

Larvee which have fed on rice are more nearly white than those which develop 

from cacao preparations. 
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The head, without the mandibles, is truncate anteriorly and subtruncate 

posteriorly. The general color is rather dark honey-yellow, inclined to brown. 

The thoracic plate is pale honey-yellow, well divided at the suture and, while a 

little darker on the outer margin, is nearly uniform in color. The anal plate 

is very pale, scarcely darker than the joints. The three pairs of fore legs are 

rather long and prominent. The prolegs, with the anal legs, are also prominent 

but shorter. Observed under a strong lens the spiracles and piliferous tubercles 

are minute but distinct, and the pubescence, although sparse and of fine texture, 

is rather long, some hairs being nearly as long as the width of the body. 

The average length when extended is about 13 mm. and the greatest width 

about 1.5 mm. 
THE PUPA. 

Pl. Ill, B, C. 

In general appearance the pupa resembles that of other cereal-feeding moths. 

The general color is pale yellow. The form is robust, and the arrangement of 

the segments is well shown in Plate III, B and C, the latter illustrating’ the 

ventral arrangement of the legs and wing pads. These latter extend nearly to 

the antepenultimate abdominal segment. ‘The eyes, in fresh specimens, show 

merely as circular areas but when nearing transformation they become black. 

The antennal sheathes slightly overlap on the posterior margin. The best 

characters appear on the dorsum, the short median parallel elevated longi- 

tudinal lines evidently being characteristic, as they are nearly black and quite 

distinctly marked. The spiracles are small but distinct. The anal segment 

bears at the apex four processes, the anterior ones being in the nature of 

short spines. 

Naturally there is a difference in the proportions of the pupa of this species 

as in the adult, the length varying from 7.5 mm. to 9 mm. 

When about to transform the larva prepares a cocoon by joining 
together, by means of silken threads, a mass of the material on which 
it is feeding, as shown in Plate IV, A. An exposed cocoon is illus- 
trated in Plate IV, B. 

DISTRIBUTION. 

While Coreyra cephalonica 1s known to occur in portions of 
Kurope, Asia, Africa, and southern and insular America, it is by no 
means truly cosmopolitan. Durrant and Beveridge (9)' record the 
Mediterranean region, India and Ceylon, the Cocos Keeling Islands, 
Christmas Island, the Kei Islands, western Sudan, Nyassaland, La 
Réunion, Para, Brazil, and Cuba and Grenada, West Indies. Rago- 
not (7) records Italy, the Ionian Islands, and the Seychelles. To 
this list may be added Porto Rico, Mexico, Hawaii, and Penn- 
sylvania. 

FOOD HABITS. 

According to the authors just mentioned the rice moth would ap- 
pear to be of eastern origin, introduced into Europe and elsewhere 
by the rice trade, and this is undoubtedly true. They further state 

1 Figures in parentheses refer to “ Literature cited,” p. 14. 
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THE RICE MOTH (CORCYRA CEPHALONICA). 

A, Mature moth; B, same in natural position at rest. Much enlarged. 



Bul. 783, U. S. Dept. of Agriculture. PLATE II. 

EGGS OF THE RICE MOTH. HIGHLY ENLARGED. 



Bul. 783, U. S. Dept. of Agriculture. PLATE III. 

STAGES OF THE RICE MOTH. 

A, Larva; B, pupa, dorsal view; C, same, ventral view. Much enlarged. 



Bul. 783, U. S. Dept. of Agriculture. PLATE IV. 

COCOONS OF THE RICE MOTH. 

A, Exterior, showing grains of rice; B, cocoon exposed by removal ofrice grains. Enlarged. 



Bul. 783, U. S. Dept. of Agriculture. PLATE V. 

WORK OF THE RICE MOTH. 

A, Mass of rice closely matted together by larve; B, cacao beans similarly attacked. 
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that it was thought to be especially attached to currants, that it is 
imported into England with Rangoon rice, which seems to be its nat- 
ural food, and that there is little doubt that anything that will suf- 
fice for the genus Ephestia will be equally nourishing to the pres- 
ent species. This insect was also obtained in tins of army biscuit, 
but no particulars are given as to its breeding habits beyond what 
has already been said. The larva has been observed in Paris in the 
grain of sesame (Sesamum orientale) from Sudan, West Africa. 

Plate IV and Plate V, A, illustrate the manner in which the 
cocoons of the rice moth are made by the larva in confining the 

Fig. 2.—Army biscuit showing holes eaten by larve of the rice moth and webbing by 

same. (After Durrant and Beveridge.) 

grains of rice by means of silken threads. Text figure 2 shows in- 
jury by the larve to an army biscuit, and Plate V, B, injury to cacao 
beans. 

REPORTED INJURIES. 

One of the firms which experienced trouble from this pest stated 
that the raw cacao beans, when received in bags, are stored in rooms 
about 16 feet high, some of the bags being piled nearly to the ceiling 
and others about 8 feet high. When the bags are disturbed the moths 
fly from between them and on examination numerous larve and 
cocoons may be found in such locations. Cocoons occupied or empty 
may be observed in almost any crevice in the walls of the storerooms. 
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Correspondents also note that the oldest cacao beans are, as a rule, 
the most heavily infested. 
May 6, 1914, 10 moths of this species were placed in a rearing jar 

with cacao beans as food. One moth was still alive on May 27, but 
was found dead the following day, having lived 21 days without food. 
According to Dyar the tongue is completely absent in this moth, so 
it is unable to feed. No evidence of insect attack could be noted 
through the glass jar when examined on July 9, but when some of the 
beans, which had become moldy on account of the moist weather dur- 
ing this period, were opened, a mature larva and a cocoon contain- 
ing a pupa were found. Attack was confined chiefly to beans that 
already had been injured more or less. 
March 8, 1916, Dr. Carl Michel, United States Public Health Sery- 

ice, San Juan, P. R., furnished moths and pupa, the latter in webbed- 
up rice, and stated that the species infests warehouses in Porto Rico, 
that the eggs are laid in sacks of cereals, and that the developing larvee 
render the cereals unfit for human consumption. The merchants at 
San Juan claim that the rice is infested before it reaches that port - 
and that nearly all of it is concentrated at New Orleans or Galveston 
for shipment. The claim is not made, however, although it is in- 
ferred, that the insect is shipped from the United States, but it 
seems more probable that the moth has been established in Porto Rico 
for a number of years. Agents of the Bureau of Entomology spent 
much time from 1908 to 1916 investigating insects injurious to rice 
and other stored products from New Orleans and Galveston, but they 
did not observe this insect at these or other ports. It may have been 
introduced recently through carelessness in vessels returning from 
Porto Rico containing foodstuffs on which it was able to subsist. On 
March 22 Dr. Michel sent additional specimens of larve in infested 
rice. The larve were all paler than were those reared from darker 
substances, such as chocolate and similar products, and as a result it 
was noted that the piliferous tubercles were plainly visible, whereas 
in the darker forms they were scarcely noticeable. September 12, 
1916, numerous larvee and some pupe of this species were received in 
rice from the same source. The correspondent stated that some of 
the moths had been breeding continuously since the previous Feb- 
ruary, and that they thrived at room temperatures. 

May 19, 1916, samples of rice infested by this species were again 
received, and on September 18 the Bureau of Chemistry reported 

that this specific shipment of rice was California grown, milled in 
San Francisco, and shipped via Panama Canai to New York City 
where it was held for about 30 days, and then reshipped to San Jaun, 
P. R., where upon its arrival the buyers rejected it because the 
market had declined, but not on account of “ vermin,” as the rice 
was apparently in sound condition. The rice was kept until October 
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30, and in the meantime the rice moth and other pests developed and 
the rice was condemned by the United States Government. Finally, 
the rice was shipped to New Orleans to be reconditioned, and was 
put into a condition satisfactory to the Federal authorities. 

December 7 of that year, a chocolate firm in Pennsylvania, which 
previously had furnished specimens, wrote that the moths disappear 
with the arrival of cold weather and are not seen again until the 
following spring. During the late spring months and all summer 
they are in evidence. The greatest trouble is experienced from the 
laying of eggs by the moths on the finished chocolate and cocoa. The 
eggs hatch into larve and the customer naturally objects to “ wormy ” 
goods. Attempts were being made to avoid this as much as possible 
by keeping finished materials covered. 

LIFE HISTORY. 

The complete life history of the rice moth has not been ascertained. 
The progress which might have been made with other insects in 
similar investigations was prevented in this case by the fact that 
seldom more than two generations were obtained in a single rearing 
jar of cocoa or related substances. When confined in large numbers 
the larve, like others of similar habits, such as Ephestia, travel, evi- 
dently in an endeavor to secure a suitable location for transforma- 
tion to pupe, to a greater extent than do the other species. This might 
explain the fact that the pupal cases or cocoons usually are found 
either on the outside of the bags at point of contact in the piles, or in 
the folds of the burlap sacks, which provide more or less shelter. In 
the rearing jars, although small pieces of cloth were inserted to form 
shelters for the pupa, the thick webbing spun by the larve com- 
pletely covered the infested material, preventing the exit of the 
moths, which died without being able to reproduce. This fact is 
mentioned because it happened in the case of a half dozen rearing 
jars of large size (about 8 liters capacity). 

It has been ascertained, nevertheless, that the insect requires only 
a short time to develop from larva to adult, this period being de- 
dependent on temperature. The entire summer period for trans- 
formation from egg to egg is between 28 and 42 days, or from 4 to 6 
weeks, but this period would be prolonged considerably in cooler 
weather. 

Better results attended rearing experiments with this species in 
infested rice from Porto Rico. From a lot of moths which deposited 
eggs about May 26 a new generation of moths began to issue July 8, 
this period having been passed in 48 days, or approximately 6 weeks. 
The temperature ranged from 52° to 82° F., reaching the maximum 
only on a few occasions, and the average or mean temperature for 
the experiment was from 68° to 70° F. 
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The question has been raised by importers and manufacturers as 
to whether or not it is possible to retard the development of the rice 
moth in order that control measures may be undertaken at desirable 
times. 7 While it was not possible to undertake any experiments 
along this line, it is known from analogy that development could be 
considerably retarded by cold storage. The egg period might be 
extended from the normal length of time, 3 to 10 days, to about a 
month; the larval period to 6 months or more; and the pupal period 
from the normal of from 5 to 14 days to’4 weeks or longer, making 
a possible total of about 8 months. 

While complete life-history data of this species would be desirable, 
what has been learned is sufficient to show that such life-history 
studies would not differ essentially from those of related species, 
such as the Mediterranean flour moth and the Indian-meal moth, 
and it has been developed that there is a practical certainty of four 
generations annually and a possibility of as many as six in high 
temperatures. 

ASSOCIATED INSECTS. 

The fig moth (/'phestia cautella Walk.), as previously stated, has 
been associated with this species in infested rice and cocoa products. 
In one rearing jar containing the rice moth breeding in cocoa, 
received June 18, 1915, the larve of the latter were full grown on 
August 27. The jar was examined again on September 10 and appar- 
ently contained only the fig moth with its larve. This latter had evi- 
dently “run out” the former, its larve perhaps feeding on the larve 
and pupe of the rice moth, which in nature is not an unusual occur- 
rence.t Some, however, remained, and in a few days the rice moth 
reappeared. In this particular rearing cage the fig moth must have 
deposited her eggs through the mesh covering the jar, although this 
was decidedly thick and closely woven. Fig-moth females have been 
known to do this in previous instances. 

The Indian-meal moth (Plodia interpunctella Hbn.) developed in 
great numbers in a lot of chocolate in which the rice moth had been 
reproducing abundantly, completely devouring the edible material 
and then perishing. 

It may be noted that when closely confined with edible material 
the three moths mentioned, in common with others which feed upon 
stored products, frequently perish because of the compact webbing 
which prevents escape and the lack of moisture which produces 
excessive drying of their food supply, curtailing the longer repro- 
duction period of the species. 

1The larve of the cabbage worm (Pontia rapae L.) have been noted feeding on the 

eggs of the cabbage looper (Autographa brassicae Riley). The corn earworm (Chloridea 

obsoleta Fab.) is also well known to be cannibalistic. 
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Some forms of beetles, however, are able to continue feeding in the 
absence of moisture until the supply of food is exhausted. 
The saw-toothed grain beetle (Silvanus surinamensis L.) has been 

found in several instances associated with the rice moth. Obviously 
it plays the same role with this species as with other moths—a scay- 
enger, although a decidedly noxious pest. 

The rust-red flour beetle (Tribolium ferrugineum Fab.) has been 
observed in the same situations as the saw-toothed grain beetle. 

The lesser grain-borer (Rhizopertha dominica Fab.) was received 
in rice from Porto Rico associated with stages of the rice moth. _ 

The Siamese grain beetle (Lophocateres pusilla Oliv.) was ob- 
served breeding in numbers in a sample of Porto Rican rice some 
time after receipt, showing that the immature stages were present at 
an earher date. 

The rice weevil (Calandra oryza L.) was present in small numbers 
in most of the samples inspected. It was noticeable in broken rice 
that the beetles which developed in such small quarters were not as 
large as those which are found in soft kernels of corn and wheat. 
The color of the beetles taken in broken rice was brighter and they 
had the appearance of being a distinct species. 

HISTORY AND LITERATURE. 

While the rice moth probably has been present in Europe for 
many years, it was not until 1866 that it was discovered in York, 
England, and described as a new species by Stainton (1). It was 
found in imported dried “ currants” (Passulae corinthicae), called 
“ Corinthian currants,” but in reality a well-known species of grape. 
In 1875 Barrett (2) mentioned the occurrence of this species in fruit 
warehouses in London, together with other insects of similar habits. 
In 1885 (3), 1893 (4), and 1901 (7) Ragonot wrote, in technical 
articles, in regard to the classification and characters of this species, 
without reference to its injurious habits. In 1895 Meyrick (5) gave 
a brief technical description of the adult, stating that the larva 
occurs in dried “ currants.” In 1897 (6) the author mentioned this 
species in a list of insects likely to occur in this country in dried 
fruit. In 1909-10 Fletcher (8) recorded the species as occurring in 
rice from the West Indies. 

In 1913 Durrant and Beveridge (9) wrote the most extensive ac- 
count of the insect which had appeared to that date, referring espe- 
cially to its occurrence in army biscuits and the temperature which 
would destroy this and other species of related habits. An article 
dealing with this insect, by Otto H. Swezey (10), appeared the same 
ear. 

i Tn 1908 the rice moth came to the attention of Mr. Jacob Kotinsky 
of the Bureau of Entomology, at that time in Hawaii, who found it 
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breeding in a feed warehouse in Honolulu in July. On July 10, 1909, 
it was captured at Kaena Point by Mr. Swezey. The latter part of 
the same month moths were found emerging from a package of 
cracked wheat obtained from a Honolulu grocery. Mr. Swezey 
expressed the opinion that although the species is a European moth 
apparently not recorded at that time in the United States, it certainly 
must have reached Honolulu from the United States. 

The habits of the moth are well described by Barrett (2). He 
states that when disturbed in flight, unlike Ephestia and Plodia, it 
darts down in a zigzag and almost immediately comes to rest. To- 
ward evening the males run about, quivering their wings in a peculiar 
manner. The moth shows considerable skill in selecting for a resting 

. place the projections of rough beams, to which, owing to its rough, 
blunt head and closely folded wings, it bears so close a resemblance 
that Barrett states he has taken specimens between his fingers before 
he could satisfy himself that they were not projecting splinters. 
This can be readily appreciated by reference to Plate I, B, which 
shows the moth at rest. The moth is peculiarly sluggish, even more _ 
so than those of the other genera. Barrett writes of this and of a 
related species (Ephestia) that they were being replenished con- 
stantly from imported dried fruits, since every cargo of fruit 
swarmed with the larve, some of which died from change of climate 
and other causes, but many of which came to maturity. He states 
that it is obvious that places in which old “currants” have been 
stored are the most potent sources of infestation, the new fruit coming 

into harbor during the month of September when the moths are al- 
ready plentiful. He believed that the different species occurred in 
about equal numbers and was certain that they had formed a settle- 
ment from which it would be no easy task to expel them. 

CONTROL MEASURES. 

Warehouses and other structures in which the rice moth has be- 
come established should be cleansed thoroughly. Any bags which 
contain or have contained infested rice or other cereal, cacao beans, 
cocoa or similar material, or dried fruits should be fumigated; all 
corners, cracks, and crevices which may harbor the insect should be 
brushed out; and all refuse promptly destroyed by burning. The 
walls and floors then may be washed down with a soluble creosote 
disinfectant, or a solution of common salt. The brushes used should 
be stiff and strong, and every point should be reached so as to make 
the compartment perfectly clean. 

The machinery also should be cleaned thoroughly and the entire 
plant fumigated with hydrocyanic-acid gas. In small plants either 
carbon disulphid or sulphur dioxid may be employed for fumigation, 
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but if the buildings are so constructed that heat of 120° to 130° F. 
may be applied for several hours, the same result will be accom- 
plished. 

Secondhand bags should not be used without first disinfecting 
them and bags previously used for the transportation of cacao beans 
or other food materials which the rice moth is known to attack should 
be examined for the presence of the insect in its various stages. When 
insects are found it is best to establish a quarantine bin, room, or 
fumigator in which the infested bags may be thoroughly baked or 
fumigated before they are taken into the main building. [If it is 
desired to fumigate a compartment containing bags filled with cacao 
beans, rice, or similar material the bags should first be brushed off 
carefully and the tiers of bags so separated as to leave air space be- 
tween in order that the gas may penetrate the contents more readily. 
Even after fumigation there is always a possibility that a small per- 
centage of the insects may remain and revive. 

DESTRUCTION BY HEAT. 

Treatment of insect-infested stored products by heat is by no 
means a new remedy, but large-scale work with this method had not 
been conducted to any extent until about 10 years prior to the time 
of writing. This method appears to have been first successfully 
used in the control of mill pests at that time by the Kansas Agri- 
cultural Experiment Station, for the control of both the Mediter- 
ranean flour moth and the Indian-meal moth. Soon thereafter Mr. 
C. H. Popenoe, of the Bureau of Entomology, conducted experiments 
in Virginia, under the writer’s direction, which were quite successful 
against both of these pests. 

The heat method is equally applicable for the rice moth, although 
it is valuable only for mills or other structures heated or operated by 
steam, since it presupposes the installation of necessary heating pipes 
and radiators. The temperature required, from 120° to 130° F., 
can be obtained readily in a mill provided with sufficient radiation 
surface to maintain a winter temperature of 75°. A warm, quiet 
day should be selected for best results, and the temperature after 
being reached should be maintained for 8 hours or more in order to 
insure penetration. Should additional radiation surface be required, 
it may be provided by the installation of temporary supplementary 
coils of 14-inch pipe, which will operate to best advantage if placed 
near the floor. In mills where a complete installation is required, 
radiators should be calculated on a basis of 1 foot of heating surface 
(24 linear feet of 14-inch pipe) to from 50 to 100 cubic feet of space, 
depending on the construction of the building and the situation of 
the coils. The maximum figure should be applied to the lower floors. 
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A steam pressure of from 75 to 100 pounds may be employed advan- 
tageously. Since bags of compact material are heated to the center 
with difficulty, so far as possible they should be separated before 
treatment to facilitate uniform heating, for insects and their larve 
become more active upon the application of the heat and may work 
their way to the center of the bags in their efforts to escape it. 

Better results may be obtained by providing the radiators with 
water traps or vents. 

Rice and cacao beans should not be exposed to a temperature above 
130° F. for more than one hour, as excessive splitting takes place in 
rice, especially if bleached, and, owing to the excessively oily nature 
of cacao beans, they may become rancid. 

Germination in the case of some seeds, such as peanuts, is not af- 
fected even by an exposure of six hours to a temperature as high as 
140° F., but it is best to be on the safe side in the treatment of com- 
modities affected by this moth until we have had more experience 
along this line. It should be added that a temperature of 140° F. is 
fatal to most forms of insect life in a short time—larve, pupe, and- 
adults. The Indian-meal moth, it has been learned by experiment in 
the Bureau of Entomology, dies m less than half an hour when so 
exposed. 

FUMIGATION METHODS. 

HYDROCYANIC-ACID GAS. 

For the fumigation of buildings and other structures inhabited by 
the rice moth, the hydrocyanic-acid gas process is the most useful. 
Indeed, it is now the standard remedy for practically all insects 
affecting stored products. It has been in use for this purpose for 
about 20 years and most progressive millers are familiar with the 
method of application. Information in regard to hydrocyanic-acid 
gas fumigation has been furnished by the Bureau of Entomology in 
various bulletins and other publications. In the earlier ones the use 
of cyanid of potash or potassium cyanid was advised, but owing to 
conditions brought about by the war it is now impossible to secure 
this chemical, and as a result cyanid of soda or sodium cyanid is 
being used, and while somewhat expensive, is much cheaper than the 
corresponding potash salt. The formula is as follows: 

SO GMM @ry pir d A ese a eae avoirdupois ounce__ 1 

Sulphuric acid_____ EE wee noes ees 2 SAT GeOUNCES =) ele 
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Information in regard to this method is furnished in Farmers’ 
Bulletin 699, “ Hydrocyanic-acid Gas Against Household Insects.” 
While this, as the title shows, is especially for dwellings, the methods 
advised can be adapted readily to mills and storehouses. 
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Hydrocyanic-acid gas, it must be stated, is the most poisoncus 
substance in common use, but it is still employed very extensively 
in fumigating mills and dwellings, and if the directions in the 
bulletins cited are carefully carried out there is really no danger to 
human beings. : 

CARBON DISULPHID. 

Before the general adoption of hydrocyanic-acid gas as a means 
of fumigating buildings, carbon disulphid was considered a standard, 
and it is still of value, particularly on a small scale, as a substitute 
for hydrocyanic-acid gas. It is extremely inflammable, however, 
which has led to its abandonment in many localities. Directions for 
its use are given in Farmers’ Bulletin 7991 “ Carbon Disulphid as an 
Insecticide.” 

SUMMARY. 

1. The rice moth (Corcyra cephalonica Staint.) has been known 
to occur in the United States only since 1911, and was not identified 
until 1916. 

2. Its origin is unknown, but it has been introduced at many points 
in other continents and is as yet not strictly cosmopolitan. It has 
been found commonly in England, where it was introduced in rice, 
chiefiy from India and Burma, and also in dried fruits. 

3. Its habit of feeding on cacao beans is probably an acquired one. 
Evidently it is inclined to be omnivorous, since it breeds in rice, 
dried fruits, the various products of cacao, such as cocoa, cacao 
shells, and sweetened and unsweetened chocolate, ship biscuits, and 
sesame seeds. It displays, however, no partiality for any of these 
food substances. 

4, Its complete life history has not been traced, but, like other 
indoor species, it reproduces nearly the year around under average 
conditions. In the United States infestations appear to die down 
from time to time, but are stimulated through new shipments of 
cacao beans from South America and Central America. 

5. It produces copious and dense external webbing to which food 
materials, such as rice, cocoa, and other matter, strongly adhere. 
In this respect its work and injury resemble those of the fig moth 
(E'phestia cautella Walk.) and related species, and the Indian-meal 
moth (Plodia interpunctella Hbn.). 

(6) While it has been recognized only from western Pennsylvania 
and Porto Rico, it occurs without doubt at other points, and dealers 
in rice, chocolate, and similar imported dry edibles should keep a 

1The Farmers’ Bulletins mentioned may be obtained free on application to the Division 

of Publications, United States Department of Agriculture. 
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lookout for the species to prevent it from gaining entrance and be- 
coming established in large warehouses and similar plants. 

7. It will undoubtedly increase in injuriousness in time unless 

proper measures are taken to stamp it out by thorough treatment. 
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INTRODUCTION. 

Importance.—The potato is one of the most widely cultivated of 
the agricultural plants, and, next to Indian corn, it is the most im- 
portant contribution of America to the food supply of the world. 
Probably no crop except rice is eaten by a greater number of people. 
In the more thickly populated regions of Northern Europe, the potato 
is now the most important of human foods, furnishing about 25 per 
cent of the food of the continental and English peoples. Only the 
Oriental peoples exist without it. Not only are the tubers used for 
food, but they have important industrial uses. The plant is allied 
botanically to several powerful narcotics, such as tobacco, henbane, 
and belladonna, and also the tomato, eggplant, and pepper. 
As our American population increases, the potato will become more 

and more important in this country, there being no other crop which 
will give such a large yield of food suitable for man, under such vary- 
ing conditions. 

Educational value-—The importance of the potato crop as briefly 
indicated above and the fact that it can be grown successfully in 
every State in the Union, should give it a place in courses in general 

105900°—Bull. 784—19 1 
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agriculture and farm crops in nearly every school where such subjects 
are taught. At least one aim in the teaching of agriculture should be - 
the training of farmers for the future, and as a result of such teach- 
ing the world should be better fed. The immediate aim in teaching 
this subject may be to aid in securing a production of better potatoes 
at a lower cost, but it may also be a medium for developing and apply- 
ing many of the general principles of plant production. Applying 
these lessons to a home project will not only have greater agricultural 
value, but also will do much toward developing the student into a 
self-reliant husbandman. 

Sources of information.—Nearly all the subject matter for class dis- 
cussion and instructions for home project work will be found in bulle- 
tins available either free or at a small cost. Almost every State 
college of agriculture has published potato bulletins, and in many 
cases the extension service has issued circulars for school and elub 
use. These may be obtained by addressing the dean of the agricultural 
college. i 

The Farmers’ Bulletins of the United States Department of Agri- | 

culture cover most of thetopics to be studied, and are suited to the use 
of the pupils. These bulletins may be obtained free as long as the 
supply lasts by applying to your Senator, Representative, or Delegate 

in Congress, or to the Division of Publications, United States Depart- 
ment of Agriculture, Washington, D. C. When this free supply is 
exhausted, a limited number are for sale by the Superintendent of 
Documents, Government Printing Office, Washington, D. C., at 5 
cents each.t. Seed houses frequently issue pamphlets on potatoes, and 
these may be obtained free. Farm journals from time to time pub- 
lish articles on potatoes. ‘These should be clipped and mounted. A 
good way to keep bulletins and clippings is to file them in pasteboard 
cases, grouping these references by subjects. Encourage pupils to 
bring reference material to school.? 

Illustrative material.—As potatoes may be secured at any time of 
the year, there is no excuse for attempting to study the potato with- 
out having specimens at hand which represent common varieties 
grown ‘in the district. The potato plant in the field should be studied 
during the different stages of development. Especially should the 
relation of the new tubers to the seed tuber and the root system of the 
plant be noted. If no plants are available, a diagram showing the 
plant as a whole will be useful. (The figure may be copied on the 

1 Classified lists of department publications on different phases of agriculture for 
teachers’ use, together with other information for teachers of agriculture, may be — 

obtained from the Division of Agricultural Instruction, States Relations Service, United 

States Department of Agriculture, Washington, D. C. 
2 Write to the Division of Agricultural Instruction, referred to above, for a circular on 

the essentials of a school library, describing a simple method of filing reference material. 



LESSONS ON POTATOES FOR RURAL SCHOOLS. 3 

board or made into a chart.) Charts showing the composition of 
the potato and its relative food values should also be made. Pictures 
clipped from bulletins, showing types of potatoes, may be mounted 
for class use. The teacher should keep in mind always the value 
of illustrative material in arousing interest and vitalizing the study 
of the subject. Continuous efforts should be made to visualize the 
lessons. 

The survey.—One of the best means by which the teacher may be- 
come informed about the potato interests of the district is the potato 
survey. This survey may be made either by the teacher alone, or 
with the assistance of the pupils, the latter method being more 
easily carried out. The survey should include such questions as size 
of farm acreage in potatoes, soil, varieties of potatoes, yield per acre, 
value, bushels marketed and bushels used at home, storage methods, 
ete. 

The general district survey as a means of obtaining agricultural 
information and as a basis for agricultural instruction may be set 
forth in the following outline: 

THE DISTRICT SURVEY. 

The aims— y 

To know the district. 

To obtain a basis for teaching agriculture. 

To interpret better State and national data. 

To observe progress by successive surveys. 

To provide vital correlation material. 

The method— 

Preparation of adequate lists of questions. 

Collection of data, all farms, each pupil. 

Tabulation of data by farms. 

Summary of tabulations. 

Mapping survey data. 

Utilization as— 

‘Basis of class instruction in agriculture. 

Problems, reports, and other correlations. 

Means of developing home projects. 

Entering wedge for community service. 

The home project.—it is agreed by teachers of agriculture that 
instruction in this subject should follow certain definite lines. 

1. It should be seasonal; that is, a monthly or seasonal sequence 
should be followed out as far as possible in the presentation of these 
lessons. 

2. It should be local in its interests and development. 
3. It should meet the interests of the pupils. 
4. It should be practical. 
The home project affords the best means for meeting these con- 

ditions, especially the practical condition. 
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The term “ home project” applied to instruction in agriculture in- 
.cludes each of the following requisites: (1) There must be a plan 
for work at home covering a season more or less extended. (2) It 
must be a part of the instruction in agriculture of the school. (38) 
There must be a problem more or less new to the pupil. (4) The 
parents and pupil should agree with the teacher on the plan. (5) 
Some competent person must supervise the work done at home. 
(6) Detailed records of time, method, cost, and income must be 
honestly kept. (7) A written report based upon the record must 
be submitted to the teacher. This report may be in the form of a 
booklet. The club project should be identical with the home project 
from the school point of view. 
A potato project may take one of two different lines. It may be 

a production project where the chief aim is to increase the produc- 
tion per acre at the lowest cost; or it may be an improvement project 
where the aim is to improve, by careful selection, the quality and 
quantity of a variety of potatoes grown. The potatoes produced on 
the first project will be placed on the general market for consump-_ 
tion, while the surplus crop produced on the second will, after selec- 
tion, be sold to dealers or producers for seed potatoes. The first 
type adapts itself the better to general conditions. 

Correlations—Some suggestions have been made in connection 
with each lesson, as to the use of this subject in vitalizing the 
other subjects in the curriculum. These correlation suggestions are 
not intended as a part of the lesson in which they appear, but should 
be used with recitations in other subjects. The teacher should seize 
every opportunity to link up the recitation with the life of the com- 
munity and to give the instruction purpose and direction by con- 
necting it with the problems of the home and farm. 

LESSON I. 

Subject.—Selection of seed potatoes in the field. 
Problem.—To improve the potato crop year by year. To develop 

a strain which will produce well and with uniformity under local 
conditions. 

Sources of information.—Farmers’ Bulletin 5383; Department 
Bulletins 176 and 195; bulletins and circulars from the State college 
of agriculture. 

Illustrative material—Four or five typical specimens of each 
variety of potatoes grown in the community. Typical plants of each 
variety. The entire yield of one good hill and of one poor hill, kept 
separate for contrast. Specimens of unmarketable potatoes showing 
defects. Pictures of ideal potatoes of the standard varieties should 
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be mounted and kept for class use. Obtain potato “balls,” if 
possible. 

Class exercise—The first step in the selection of seed potatoes is 
the inspection of the field while the plants are yet green and vigor- 
ous. Why? Select and mark plants which are true to type, free 
from disease, stocky, and vigorous. The typical plants of the varie- 
ties grown in the district may be brought to class and their char- 
acteristics studied. Why is a vigorous top growth essential? 

At the time of harvesting, select superior tubers from the best hills 

in the areas previously worked. Choose productive hills which have 
a good number of fairly large tubers and very few culls. If the 
grower is interested in selecting and breeding a superior strain, it 
may be desirable to keep separate the product of several especially 
good hills. All tubers selected should be normal in size, shape, and 
color, and free from scab and other signs of disease. Somewhat 
immature tubers make better seed. 
What varieties, early and late, are most common in this district? 

Which have only a local reputation? Which market readily? Why 
is it not as well to plant the seed from the “seed ball” as to use the 
tubers? Why not make the selection from the bin in the spring? 

Practical exercises—Have each pupil practice identifying in the 
classroom the varieties of potatoes to be found in the district. If 
any have peculiar local names, try to classify them. (See Depart- 
ment Bulletin No. 176.) Have each variety examined to observe: 
(1) Plants—size, branching, stockiness, color, and freedom from dis- 
ease. (2) Leaves—size, color, and peculiarities. (3) Color of the 
flowers. (4) In the spring the shape and color of the sprouts are 
important. (5) Tubers—shape, normal size, color, and markings of 
the skin, number and depth of eyes, color and condition of flesh. 

Arrange for a field trip during which the class shall examine some 
good potato fields and select the sections of the field from which the 
seed should be taken, giving reasons for the choice. If the owner is 
willing, have a few hills dug and the plant and tubers discussed. 
Show that the tuber is a stem and not a root. » Note any peculiarity 
of any variety as adapted to certain soil or climatic conditions. Have 
pupils apply this lesson in their own home project. 

Correlations —Have the pupils collect and compile the district 
survey of the potato crop as suggested by the form given below. -This 
will provide ample correlations in arithmetic, language, and spell- 
ing. Dictate a list of questions to the class and divide the farms of 
the district among them so that all may be reported on soon. In- 
clude also, questions as to methods, prices, shipping .rates, weights, 
capacity and kinds of packages, disposal of culls, and other data. 
Some of the information can not be given before harvesting. | 
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District SURVEY OF THE POTATO CROP. 

EINES O te CLS TT Ce Get oe ais ee Cr aks Pe Date. Seer 

Per | Total crop. Per acre. Income. 

min. | Actes cea Bush-| Rate Bush- 
Farmers. able land els a els 

acres. | 20° in So sold, | Push- for * | tatoes. p0- Early.) Late. | Early.| Late. *} el. | Gross.) Net. | home 

tatoes. 

DY Log gS eo Re ROS ac cy er a ie I ag a TO SR Le Sal Rea ean |S eS Oe eS ae 
IY AQT BAR RR We | Eel ete een ASS va FR Se yen eee fea Ue eter (eta [oe tee Nea 
DOS clastic sl aerscicrcrs) hie orietescl (seeeteaeiel ech mented Lar ease Kee pmlc | Poa bs eee ad |e ek eg EN! dasa i Ne 

MID OS Feo Pgs ee a ce el peta) | ar gS ST er er er fe ae eae ee a oad Ree ce |e ee 

POtALONCEOD eSUmMIN aay s eee Os cee Asie b-cese yeni 

Yield. Bushels stored for— 

Varieties. Acres Acre Bashers Price | Total 
planted. yield. | 52 DES a Seed Ganda Gulls field. | bushel.| come. | Home| Home| Mar- f 

: : use. | seed. | ket OF 
5 sale 

Early: 
MAP y POSE = sea eos sic scoot | aes et a | eles = inte oll Soteee cereals | Ste wiare saya orwimatetepe ell ecfe-ale eel siauersie cis lle varereperall orate | eres 
Cobbler 2 sae a Pee ROE A Ree Sy SSR eae nota eaie oes 

LESSON II. 

Subject Harvesting and grading potatoes. 
Problem.—To study the farm practice in harvesting and grading 

potatoes with a view to finding the most efficient methods of handling 

the potato crop. — 
Sources of information.—Farmers’ Bulletin 753; Document, Mar- 

kets, 7; circulars and bulletins from State college of agriculture; 

articles in the farm papers. 
Class exercise.—The application of this subject to the seasonal 

practice of the district and to the projects of the pupils will call for 
modifications to suit each case. Late potatoes are harvested in the 
Northern tier of States from the latter part of August to the middle 
of October. In the Northern States the main crop is planted during 
the summer and the harvest begins after the middle of October. In 
all cases this lesson should be taken at such a time that the class may 

observe or participate in the harvesting and grading soon after the 
school work in the same subject. The following items of farm prac- 

tice in the handling of potatoes should be noted: 
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1. The time to dig will vary with market conditions and other 
factors. They should be dug as soon as vines die, earlier if mature. 

2. Small areas may be dug by hand, with hooks or potato forks. 
All large acreages are now dug by machinery. 

3. Make field trials on the given soil before adopting any digger. 
Unless the field has been kept very clean it will pay to mow, rake, and 
burn all weeds before digging. Weeds and tops tend to clog digger. 

4. After digging, let tubers lie on ground long enough for dirt 
to dry out, also to toughen the skin against bruising. 

5. Careful handling pays at every stage. Bruised or cut potatoes 
decay readily and every tuber lost reduces the profits. Hardening 
process must not be prolonged to the extent of sunburn (especial care 

with some varieties). 
6. Sorter may be used in field if weather permits. Potatoes sold 

in field weigh more than stored potatoes. 
7. The careful sorting and grading of potatoes is quite as impor- 

tant as the grading of fruits. 
Practical exercises —Discuss the methods of harvesting potatoes in 

this district and elsewhere. Arrange for the class to take a field trip 
to observe the methods of harvesting and sorting potatoes at one of 
the most approved and successful potato farms in the district. Dis- 
cuss methods of sorting. Need of keeping varieties separate Sorting 
by sizes. Keeping out diseased potatoes. Find out what the farm- 
ers are doing with culls. If potato-digging machinery is used, make 
a study of the different machines with a view of finding out which 
one is best adapted to the soils of this section. Visit a dealer 

and inspect the machines he carries in stock. What is the common 
method of sorting potatoes? What sorting machines are used? 
What type seems to be the best adapted for its work? Note the 
methods of handling the crop, such as packing and hauling. 

Correlations.—Arithmetic: Use local yields and prices and make 
problems suited to advancement of the class. Obtain State records 
of potato crop and the market price for further problems. 
Language: Utilize for written or oral exercises such topics as: “ A 

trip to observe potato harvesting,” “ How to sort potatoes,” “ Potato- 
harvesting machinery.” 

LESSON III. 

Subject—Marketing potatoes. __ 
Problem.—To discover the best farm methods of marketing potatoes 

in order that they will bring the highest market price and reach 
consumer in first-class condition. a 

Sources of information —Farmers’ Bulletins 365 and 753; Office of 
Secretary, Circular 48; Document, Markets, 17; publications from 
State college of agriculture; articles in farm papers. 
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Illustrative material—Procure samples of typical marketable pota- 
toes of both grade No. 1 and grade No. 2, using varieties common in 
district, specimens of imperfect and diseased potatoes, pictures and 
drawings of various containers for marketing potatoes, samples of 
crates and baskets for marketing small lots, a map of the State and 
the United States showing railroad routes to the chief markets for 
the district, pictures or diagrams showing methods of loading in 
part or in full carload lots. Procure samples of potatoes for sale on 
the market and compare with the samples of typical grades. 

Class exercise.—Discuss the following topics with the class: 
1. The grading of potatoes for market, stressing quality as well as 

uniformity. 
2. Preparing for shipping—the package, crate, barrel, box, sack; 

advantages and disadvantages of each. What package is commonly 
used in this district ? 

3. The market for the crop, local and shipping. 

4, Prevailing prices. 

5. Cooperative shipping organizations. 
6. Are the potatoes shipped in small lots or by the carload ? 
%. What is the general practice regarding the selling and ship- 

ping—potatoes sold in the field, f. 0. b. the car, shipped to a com- 
mission merchant; open shipment, shipped with bill of lading at- 
tached, or shipped billed to the shipper ? 

Practical exercises.—Plan a field trip to a potato farm or a potato 
storage house to observe the methods practiced in preparing potatoes 
for market and shipping. If potatoes grown in the district are sold - 
in local markets, visit these markets to observe the way these potatoes 
are sorted and handled. Note prices for same and compare with prices 
received in other markets and when shipped. If there is a community 
marketing association, the class should make inquiries as to their 
methods of handling and shipping the crop, the number of bushels 
handled, markets supplied, and net price to shippers. Discover what 
use is made of culls. A class discussion as to the proper way to handle 
culls will be profitable. 

Correlations—On a map of the United States locate the attest mar- 
kets supplied. What railroads carry the potatoes? Locate the potato- 
grow ing sections of the State and of the United States. These exer- 
cises will afford good practice in geography. 

Arithmetic: From the information gathered in the practical exer- 
cises and class study make problems adapted to this lesson and grade 
of the pupils. 

Language: Written or oral exercises on “ Grading potatoes,” “ Pre- 
paring for shipment,” and “ Potatoes on the local market,” will give 
abundant practice in language. 
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LESSON IV. 

Subject.—Winter storage. 
Problem.—tThe preservation of the potato crop during the winter 

so that it may be available either for market or home use. 
Sources of information.—F armers’ Bulletins 847 and 879; bulletins 

and circulars from State college of agriculture; articles in farm 
papers. 

Illustrative material—Clip from farm journals pictures showing 
various types of storage and mount these for class use. From bul- 
letins and farm papers enlarge drawings of pit storage; show a 
cross and a vertical section. Do the same for a storage house, show- 
ing floor plans and vertical sections, giving arrangement of bins and 
shelves. If possible, secure photographs of community-storage 
houses and mount them for classroom use. Construct charts show- 
ing the advantages of storing products and the essential factors of 
storage. Small models of wooden storage houses may be constructed 
by the members of the class. 

Class exercise.—The following topics should be discussed with the 
class: 

1. Importance of storage. 
2. Object of storage—economy, holding a more or less perishable 

product in a salable condition as long as possible, providing for a 
uniform market supply. 

3. Essential factors in storage—(a) product well matured, (0) 
careful handling, avoid bruising, (¢) uniform temperature after stor- 
ing, (d) the moisture content of the air, (e) exclusion of light. 

4. Types of potato storage—(a) in basement of house; storage 
rooms constructed in cellars, plans, ventilation, containers, (0) out- 
side storage caves or cellars; advantages, location, construction; 
storage construction in mild regions, storage construction in regions 
of severe freezes, concrete storage cellars, advantages, site, construc- 
tion, (¢) storage in banks or pits; location, how constructed, ventila- 
tion, advantages, disadvantages, (d) community storage house; plans, 
construction, how conducted, advantages. 

Practical exercises—Make a study of the farm practice generally 
observed in storing potatoes. What method of storage is most com- 
mon? What other method might be more effective? What is the 
purpose of storing potatoes, for the home or for the market? Is there 
community potato storage in the district? How is it constructed? 
How managed? What quantity of potatoes is commonly stored 
there? What is the cost of storage? How well is it patronized? 
Does it seem to be successful? If possible, visit with the class a farm 
where potatoes are being stored and note the methods used in prepa- 
ration for storing and the methods used in storing. Note the con- 
struction of any storage houses that may be visited in the district. 

105900°—Bull. 784192 
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Correlations—A report on the general practice of the district in 
storing potatoes will provide good exercises in oral or written lan- 
guage. A detailed account of the making, filling, and covering of a 
storage pit will also provide good language material. Another inter- 
esting language study will be a comparison of the storage methods 
of the warmer regions with those of the colder regions. 

Arithmetic: Problems involving the amount and value of potatoes 
stored will be suggested by this lesson. The amounts from each farm 
and totals for the district. The values of the potatoes on the fall 
market compared with the value on the spring market will provide 
further material. 

Geography: Locate the sources of potatoes shipped into the dis- 
trict. How near does the district store its own supply of potatoes? 
If the stored potatoes are sold, trace their route to the consumer. 

LESSON V. 

Subject.—Potato judging. 
Problem.—tTo be able to identify the leading varieties of potatoes - 

and to recognize the chief characteristics of each variety. 
Sources of information—Farmers’ Bulletin 5383; Department Bul- 

letin 176; bulletins of State college of agriculture; extension leaflets; 
circulars; score cards from State college of agriculture. 

Illustrative material—From seed catalogues and farm papers, clip 
and mount pictures of varieties of potatoes. From the farmers or 
from dealers, secure at least three typical specimens of the different 
varieties of potatoes raised in the district or on sale in the market. 
These should be carefully taken care of for class study. 

Class exercise—This lesson is essentially a lesson of practice in 
studying the varieties of potatoes. The following leading factors 
should be noted: 

1. Trueness to type, uniform in size, shape, color, etc., according 
to variety of class; no mixture. 

2. Uniformity: General uniformity in shape, length, and circum- 
ference. 

3. Shape of tuber: Round, oval, or long, according to class or 
variety. 

4, Color: Conforming to class or variety and free from green. 
5. Size: Medium—average weight for early varieties 8 ounces, or 

late varieties 12 ounces. 
6. Eyes: The eyes of the potato should be medium deep, well de- 

fined, and not too numerous. Deep eyes cause waste in paring. 
Shallow eyes are low in vitality, and too many eyes denote poor stock. 

7. Skin: Smooth without cracks or blemishes.. The skin may be 
whitish, brown, reddish, yellowish brown, blue, or black, depending 
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upon variety. It may be thick or thin, tough or brittle. A thick, 
fairly tough skin is preferred. 

8. Flesh: When cut, firm, clear in color, free from hollow center, 
dark rings, discoloration, woodiness. 

9. Freedom from blemishes: No scab spots or skin ruptures from 
any other diseases, no cuts, bruises, scratches, or other defects. 

Practical exercises——Students should practice on identifying the 
different varieties of potatoes until they can be recognized at sight. 
The chief characteristics noted above should be studied and students 

taught to observe varieties from type. Use score card suggested be- 
low or ask the State agricultural college for enough to supply the 
class. Require the students to mark the points on the card. Com- 
pare with a typical potato (either a real potato or a good picture of 
one) to note any difference. Hold judging contests in which the 
students will be required to judge and score the different varieties. 
Ask for the help of the county agent in these contests. Make this 
work of a practical nature, and drill until the pupils are able to 
recognize readily the different kinds of potatoes and to score them 
fairly accurately. The following form of score card may be used: 

PoTATO ScoRE CARD. 

ESTED ET Ey SITY eal DR I AB Se 

: Student’s 
Scale of points. Standard. Sua. Corrected. 

Erueness totype:--2-----222---=5 2) een |Memiteciscees tates eases 
Uniformiliye: ea eee ake oe UB eo ee aie a cers oo aaheeane 
NAPOss sashes = See oe cece eee PAD tei be ee a i ea ae aS 

Colon ae eee me ae | Mier aia sa DRE a eS. aa 
IZ 0 see ee nd eee re A Oceana ne a ea 
IEAV.OS Sa sates Sete eis: 2). 2 Soba is ee eer Ee | Seer pal een 
Slane erie rede Detch [nomen [ins aeeecaee fe 
Wiech Aye Weekes eee So Le Sipe cere eS ka ie Se ees 
Freedom from blemishes......... UU fit Us i cee Sea Ci i 

Potalesessoa- case oa ICDs) ie aia (ere Stet ee 

SCC ORL CI Vee a ae es pe RAI SE ADS) ED Ge Ieee SEN Ses RR AE 

Note.—Give directions for using the above card. 

Correlations Language: Oral or written reports on the kinds 
of potatoes grown in the district or in the State; how to judge po- 
tatoes; a history of the chief classes of potatoes will all provide 
abundant language work. 

History: Write a history of the potato, an account of its introduc- 
tion into Europe, the story of Luther Burbank and the Burbank 
potato. 

Arithmetic: If potatoes scoring 100 points are worth $2.50 per 
bushel, what would be the value per bushel of the potatoes scored, 
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basing their worth upon the points scored? Rating in this manner, 
what would be the loss at current market prices, on a 10-acre crop 
of each variety scored if the yield was 175 bushels per acre? 

LESSON VI. 

Subject.—The potato tuber (and plant) structure. _ 
Problem.—To understand methods of potato requirements for 

growth. 
Sources of information—Farmers’ Bulletin 533; Department 

Bulletin 176; bulletins from State college of agriculture. 
Illustrative material—Potato tuber specimens. The entire plant 

showing roots and clinging tubers. Obtain, if possible, entire plant 
of the tomato, tobacco, and jimson weed and other relatives of the 
potato. If plants are not obtainable, a diagram showing the potato 
plant as a whole will be found useful. Pictures cf the related plants 
will be found in publications and may be used also. Charts may be 
used to show structure of the tuber and to illustrate types in connec- 
tion with such specimens as may be obtained. 

Class exercise.—The potato plant. Discuss with the class the fol- 
lowing topics: 

1. The potato-plant family, cultivated members, nature of some 
of the wild relatives. 
_2. What resemblances do you note between the tomato and the 
potato? Compare the fruit of the potato with the fruit of the 
tomato. : 

3. Make a study of the stem, branching flowers, and seed balls. 
_4. Note differences in the plants and flowers of different kinds of 

potatoes. 

5. Why do not all varieties of potatoes produce fruit ? 
6. The tuber: Note arrangement of eyes upon the tuber and trace 

their relationship to buds. Distinguish clearly between seed pota- 
toes and the real seed produced in the fruit. 

7. Study the root system of the plant and note the relation of the 
new tubers to the seed tuber. 

8. Cut the potato tuber into sections and note its different parts. 
9. What resemblance can you find between the structure of a tuber 

and the structure of the green stem of a plant? 
Practical exercises—Students should be required as far as pos- 

sible to study the complete plant of the potato and related plants. 
The characteristics of the plant should be noted and comparisons 
made between the different varieties of potatoes. Contrasting 
studies of the potato and related plants should be made. It should be 
clearly shown that the tuber is an underground stem and not a root. 
Cross and longitudinal sections of the tuber should be made and the 
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various parts of its structure noted. What distinguishes the potato 
from the other members of the nightshade family? A study of the 
characteristics of the various types of potatoes should be made with 
a view of aiding the student to identify the different groups. 

Correlations—Drawings of a tuber, showing parts, and of sections 
showing structure should be made. In studying the entire plant 
the student may sketch the plant or make a copy from a chart. 

Language: Look up the nightshade family of plants in a good 
reference book, and bring to class a written report on same. Make 
a written or oral report on the differences between the potato and 
tomato or other members of that family. Write an account on the 
usefulness of the nightshade family. 

LESSON VII. 

Subject.—Place of potatoes in the rotation. 
Problem.—tTo study the place of potatoes in a rotation in order 

that the greatest yields may be made and soil fertility maintained. 
Sources of i 

text; bulletins from the State college of agriculture. 
Iilustrative material—Comparative charts showing yields of po- 

tatoes grown in a rotation and those grown continuously on the same 
field; field diagram showing suggested 3-year, 4-year, and 5-year 
rotations; diagram of crop rotation with potatoes actually being 
carried aa in the district. All these will make helpful illustrative 
material. { 

Class exercise—Discuss with the class the following topics show- 
ing the advantage of growing potatoes in a rotation with other 
crops: 

1. Plant diseases often become rapidly worse in the continuous 
cropping system, which has often been the case with potatoes. The 
class may be shown how modern scientific methods of care of seed 
selection, disinfection, spraying, and other details of culture some- 
what reduce this danger. 

2. In the business management of the farm rotation reduces the 
danger of excessive losses in seasons of low prices or of poor yields 
and arranges the work of the farmer through the season to better 
advantage. 

3. Weeds are more easily controlled under a system of rotation. 
The high value of the potato crop pays for thorough tillage and care 
which cleans the soil of weeds for the rest of the rotation. 

4. Insect pests are kept down more easily under rotation. 
5. The high cash value of the potato justifies considerable expendi- 

ture for fertilizers, and justifies the use of more of the time of 
the rotation in producing organic matter to be returned later to the 
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soil. The thorough culture, late digging, and winter exposure of soil, 
especially in the Northern States, rapidly use up the soil organic 
matter. The cheapest and easiest way of replacement is by rotation 
with grass, clover, and other hay crops which have a money value 
as food for animals, and also leave large amounts of organic matter 
in the soil from their roots and stubble, as well as that in the manure 
from the hay feed. . 

6. Different plants draw on the plant food in the soil in varying 
proportions, consequently a rotation of crops utilizes the plant food 
to better advantage than a single crop grown continuously. 

7. Though the potato sends its roots deeper than some other crops, 
others, like clover and alfalfa, root much deeper. These bring up 
fertility from the subsoil, and the roots of the potatoes following are 
able to grow lower, even in hard clay soils. 

8. The theory has been advanced that plants in their growth throw 
off in the soil toxic substances which, by accumulation, become inju- 
rious to succeeding crops of the same plant, but not to others. Rota- 
tion avoids this possible danger. 

9. The physical condition of the soil for succeeding crops is im- 
proved by the thorough culture given the potato. Examples of this 
are the use of wheat following potatoes without plowing in the fall, 
and oats without plowing in the spring. 
The net return of the rotation as a whole must be the deciding 

factor in the choice of crops. The potato gives such large cash 
returns to the acre and responds so well to the use of fertilizers, 
that usually it is the most important crop of the rotation in which 
it is grown. Wherever this is true, the choice of other crops to go 
with it is largely governed by the effect on the soil for the production 
of the potato. 

Some suggested rotations are: 

: Potatoes—oats—grass and clover—grass and clover—potatoes. 

. Potatoes—wheat—clover—potatoes. 

. Clover or alfalfa—a small grain—potatoes. 

. Potatoes—wheat—clover—potatoes. 

. Potatoes—small grain—clover. 

. Potatoes—corn—cowpeas. 

. Winter rye—clover—potatoes. 

. Small grain two years—clover—potatoes. ONaw»rhrwndre 

Practical exercises—Have the class make a study of the district 
farm practice in potato growing. What are the common rotations? 
What examples can be found of the continuous cropping? What dif- 
ferences in yields may be noticed? Does the acreage in potatoes 
on the farms of the district justify any plan of rotation of crops? 
(See potato survey. If possible, visit one or more farms where rota- 

1 Colorado Sta. Bul. 216. 
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tions in connection with potato crops are being carried out and note 
general conditions of fields, crops, and tillage.) 

Correlations.—Correlations in language will be suggested in the 
matter of written or oral reports on field trips and observations made 
in the study of the farm practice of the district in rotations. 

Drawing: The construction of the charts suggested under illus- 
trative material will afford practice in drawing. 

Arithmetic: Problems on yields of potato crops on oie rotation 
plan and the continuous cropping plan will be suggested in the study 
of this lesson. 

LESSON VIII. 

Subject —Soils—kind, preparation, fertilizers, etc. 
_Problem—To study kinds of soils suitable for potato growing, 

their preparation and fertilizing. 
Sources of information—Farmers’ Bulletins 365, 386, and 407; 

bulletins from State college of agriculture. 
Illustrative material—Collect soil samples from the potato farms 

of the district; bottle and use in class for comparison. Collect in a 
like manner the various commercial fertilizers used for potatoes. 
Clip and mount pictures from farm papers, circulars, etc., showing 
soil preparation such as plowing, harrowing, applying fertilizers, etc. 

Class exercise.—Characteristics of potato soil: Rich, well culti-' 
vated, one that will conserve moisture and retain soluble fertilizer, a 
light sandy loam to be preferred to a heavy retentive soil. While 
excellent crops are frequently grown on heavy clay soils, the lighter 
soils will usually produce smoother, more even potatoes with bright 
skin and eyes of medium depth, and usually mature the crop at an 
earlier date. 

1. Prepartion of the soil: Object of soil preparation—to provide 
for a rather weak root system, correct faults of local soil and climate, 
reduce the tillage after planting as much as possible. 

2. Time of plowing—winter or fall plowing more desirable, espe- 
cially where the soil does not run together and the slope is not steep 
enough to cause washing. This lessens the spring work and some- 
times makes earlier planting possible. 

3. Depth of plowing varies with the soil, usually from 8 to 12 
inches unless subsoil is too near the surface. 

4, Fertilizers: Object of fertilizing—potatoes require a complete 
fertilizer on most soils. Commercial fertilizers. Rotation. Green 
manuring. What objections to use of barnyard manure? When 
should lime be used? Methods of applying fertilizers to the potato 
crop. 

Practical ewercises—Make a study of the types of soil in which 
potatoes are grown in the district. Which is most common? How 
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_ do the yields on the various types compare? Compare the quality of 
the potato crop raised on the different soils. How deep do the farm- 
ers of the district plow their potato soil? What is the common 
practice as to the time for plowing, fall or spring? What advan- 
tages can be found in either time of plowing? If the potato crop is 
one in a rotation, what is the usual practice in the district regarding 
fertilizers? If without a rotation, what is the practice? Note the 
farms that use green manure, that use stable manure, those that use 
commercial fertilizers, or a combination of fertilizers; and compare 
yields, both as to amount and to quality. Study the methods used 
by a successful potato grower of the district. 

Correlations.—Correlations in language will be suggested by the 
various reports in practical exercises. Fertilizer costs, cost of plow- 
‘ing and otherwise preparing the land, will provide suitable correla- 
tions in arithmetic. In geography, a study of the commercial fer- 
tilizer as to source, manufacture, and shipping routes, will prove 
interesting and instructive. 

LESSON IX. 

Subject.—Planting potatoes including the treatment of seed. 
Problem.—How should potatoes be prepared for planting, treated 

for disease, and when is the best time for planting? 
Sources of information—Farmers’ Bulletins 386, 407, and 544; 

bulletins from State college of agriculture; textbooks in agriculture. 
Illustrative material—Specimens of diseased potatoes should be 

brought to the school and a comparison made between them and po- 
tatoes free from disease. Potatoes properly cut should also form a 
part of the illustrative-material. The formula for treating potatoes 
should be placed on a chart in the room. Secure a small amount of 
formalin, and with the assistance of the class prepare some of the 
solution of the right strength for treating potatoes. 

. Class exercise—Discuss the following topics: 
1. Preparation for planting.—Treating the seed, purpose, diseases 

that may be treated, solutions used, method, results, cutting the seed, 
and principles involved which follow: 

(a) Seed pieces should be blocky in shape to make surfaces as small as pos- 

sible. 
(6) The probability in most cases that the seed and eyes are more vigorous 

makes it better to cut each tuber in such shaped pieces that it will give the 

largest number having eyes from the seed end. 

(c) To make sure of one good eye on every seed piece, it is well to have two 

wherever possible. 

(d@) The average weight of the seed must be adjusted to the needs of the 

erop for the soil planted—method of cutting, cutting racks, value of whole seed 

compared with cut seed. 
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2. A practice more or less common in Europe and one which is 
used to some extent in the United States is that of greening seed. 
Kssentially-it consists in keeping the seed during winter and spring 
in shallow trays racked up in buildings so constructed that each tuber 
is in the light. The sprouts at the seed ends start and grow short, 
green, and stubby. When planted, these potatoes start quickly and 
grow rapidly. The cost of the equipment and of the labor re- 
quired to place the seed in the racks and again to place the seed in 
the ground with the sprouts up would be heavy in the United States. 
Unless seed which has been sprouted in this way for some time is 
planted with the sprouts up, there is trouble in loss of stand. How- 
ever, a modification of the plan may be used for American condi- 
tions of cost and labor such that green sprouts grown in the light for 
a short time will not be broken off in a potato planter, and will give 
no trouble about coming up. Therefore the seed may be kept on the 
barn floor in the sun for two weeks or less and save the strength of 
the sprouts which would be lost by growth in the cellar. 

For potato growers who desire to get their potatoes on an early 
market, a, saving from one week to ten days may be made by this 
process. 

3. Planting the crop—Time of planting depends upon the local 
soil, climate, and the market for which the crop is grown. Discuss 
advantages of early and late plantings; compare methods of ridging 
and level culture. Upon what does the value of each method depend ? 
Methods of planting hill and drill—advantages and disadvantages 
of each; depth of planting and distance apart of plants and rows; 
planting tools; where would machinery for planting be Ecanomiel 
Discuss hand planting depth of planting. 
Practical exercises ——As a preliminary to the treatment of seed po- 

tatoes for diseases, some instruction on how to identify such diseases 
should be given. The student should be given an opportunity to 
sort potatoes, picking out those that show signs of disease. Prac- 
tice should be given in preparing the formalin solution and in actu- 
ally treating the seed potatoes. One pint of formalin (a 40 per cent 
solution of formaldehyde) diluted in 30 gallons of water is sufficient 
to treat-20 bushels of seed. Soak the potatoes about two hours. Ac- 
tual practice in the cutting of potatoes should be given. If pos- 
sible, take the class to a farm where potatoes are being planted, and 
with the consent of the owner, have them take part in the various 
planting processes from cutting the potatoes, to dropping and cover- 
img. Those students wha have a potato project may obtain the 
practice work on their own plats, or may assist their fathers in plant- 
ing. In such cases a report of the process should be made to the 
class. Where the potato scab is found, observations should be taken, 
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comparisons made between the yield with treated seed and with 
nontreated seed, both as to quality and quantity. 

Correlations—Problems in arithmetic growing out of comparisons 
between yields of treated and nontreated seed, together with cost 
of production in either case, including cost of treating compared with 
increase in yield, will be found valuable. 

Written reports on treating seed potatoes and of the planting pro- 
cesses will afford language material. 

LESSON X. 

Subject.—Cultivation—first. Later. 
Problem.—To study the correct methods of pain crop cultivation 

in order that the maximum yield may be secured. 
Sources of information—Farmers’ Bulletin 365 (5 cents), 386 (5 

cents), 407, and bulletins from State agricultural college. 
Illustrative material—Clip from farm papers pictures showing 

cultivation of potatoes; pictures of various kinds of cultivators and 
tools for tillage. If possible, have some of these cultivators brought. 
to school where they may be examined. Visit a farm and see these 
tools in actual operation. 

Class exercise.—The following principles in potato cultivation are 
noted and should be discussed as a basis for the practice work in 
growing potatoes: 

Early cultivation: 
1. Is it safe to assert that the major part of the cultivation of the 

potato crop should be done before planting. 
2. Poor cultivation often the cause of poor yields. 
3. Before potatoes are up, the field should be blind cultivated with 

a spike-toothed harrow or weeder. 
4, Weeds should be destroyed and ground mulched. 
5. After potatoes are up, deeper cultivation should be practiced, 

depth up to 8 to 10 inches, depending upon soil and locality. 
6. Usually level cultivation brings better results than hilling. 

(Under what circumstances is ridging the better practice?) 
7. The frequency of early cultivation depends largely upon the 

character of the season. 
8. The things to be accomplished: Keeping down the weeds and 

conserving moisture. 
Later cultivation: 

1. Depth, shallow; form, level; ridge slightly after tubers are 
formed to prevent sunburn. 

2. How long kept up should be determined largely by the season 
and condition of crop. As long as plants are green they are pro- 
ducing tubers. < 
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3. Types of cultivators: Weeder, disk cultivator, corn cultivator, 
two-horse cultivator for large fields. 

Cautions: 
1. Careless tillage may work great injury upon the crop, as potato 

plants are more tender than weeds. 
2. In using weeder or tooth harrow great care must be taken to pre- 

vent the teeth from injuring the sprouts. 
3. In later growth the roots are in danger from too deep or too 

close cultivation. The greatest development of the roots in the 
plowed area is from 5 to 10 inches below the surface. 

4. The danger of injury to the potato plant is greatest at blossom- 
ing time, when the exhausting effects of blossoming and forming 
tubers at the same time are very heavy. 

Practical exercises—This lesson should essentially be a guide to 
proper practice in potato cultivation. Many of the pupils will have 
potatoes as a home project, others will assist in the home work on 
the farm where potatoes are raised. The principles laid down in this 
lesson should be put into careful practice in either case. 
A field trip to a potato farm would be valuable to the class. If 

the projects are under the supervision of the school, the teacher 
should try to visit each home as soon as possible to observe the 
progress of the projects. If the teacher is working in cooperation 
with the county or State club leader, it will be especially helpful to 
make these visits at the same time the official representative makes 
his visits to the work. In all cases this cooperation should strengthen 
the schoo! work if it is well carried out. 

Correlations—The written reports, summaries, and costs of pro- 
duction as completed in the project work will furnish ample correla- " 
tions in language and arithmetic. In case there is no project, the 
same reports on the work of the pupil on the home farm will furnish 
the same material. 

LESSON XI. 

Subject.—Potato-crop pests—Insects and diseases, how to combat 
them. 
Problem.—To learn to identify the chief potato insect pests and 

diseases and to discover proper methods of control. 
Sources of information—Farmers’ Bulletins 544, 557, and 868; 

bulletins from State college of agriculture. 
Illustrative material—Spraying charts. Illustrations of spraying 

apparatus. Samples of sprayers may often be borrowed from a 
farmer in the district or loaned by the local dealer. Samples of 
fungicides and insecticides. Illustrations or exhibits of the pests to 
be controlled. Samples of potato plants affected with the common 
fungus diseases may be brought to class for a study of the charac- 
teristics of the disease. 
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Class exercise.—The following topics are suggested as the basis of 
the class-room discussion : 

A. Fundamentals of control: 

Thorough spraying, clean cultivation, destruction of rubbish, and rotation of 

crops. Since there is a similarity in general methods, control of insects and 

diseases may be considered together. 

B. Insect pests: 

Insects damaging the potato crop may be classified as follows: (1) Insects 

chewing the leaves; (2) insects sucking the leaves and tips; (3) stalk 

borers; (4) insects affecting the tubers. 

The following may be considered the chief insect pests of the potato plant: 

Colorado potato beetle—Hats the leaves; controlled by spraying with 

arsenate of lead or Paris green. 

Blister beetles—Leaf eaters; controlled same as Colorado beetles. 

Potato flea-beetles—Leaf eaters; harder to control; spray with Bordeaux 

and arsenate of lead as probably the best means of control. 

Leafhopper and plant-lice—Suck the leaves and tips; control by spray 

of nicotine sulphate or kerosene emulsion. 

Potato-stalk weevil—Bores into the stalk; burn all infested vines; clear 

ground and burn all old stalks; destroy all related weeds; rotate crops. 

White grubs (the larve of May beetles or June bugs)—Commonly known _ 

as “ grubworms;’” control by fall plowing and turn soil again in spring; 

rotation of crops. 

C. Potato diseases: 

1. Common diseases affecting the skin of the tuber: 

(a) Common scab—Control; treat seed, rotation of crops. 

(6) Russet scab—Control; treat seed, change of soil, deep prepara- 

tion and cultivation. 

(c) Powdery scab—Control; treat seed. 

(d) Late blight dry-rot—Control; Bordeaux for blight, careful sort- 

ing and storing of the tubers. 

(e) Powdery dry-rot—Control; care in handling; sorting out of in- 

jured potatoes. 

(f) Helworm—Control; careful selection. 

2. Diseases of stem and leaves: 

(a) Blackleg—Control; selected seed, formaldehyde treatment. 

(0) Fusarium wilt—Control; rotation and sanitation. 

(c) Bacterial wilt—Control; clean seed, sanitation. 

(d) Harly blight—Control; Bordeaux spray. 

(e) Late blight—Control; Bordeaux spray. 

(f) Rhizoctoniose—Control ; clean seed, formaldehyde treatments, ro- 

tation. 

Tipburn—Control; in a measure, ey Bordeaux, thorough cultiva- 

tion. 

D. Summary of control measures: 

1. Results of seed selection; results in eliminating wilts, blackleg, eelworm, 

and other diseases which show on vines. 

2. Results of seed treatment and rotation; reduce injury from Rhizocto- 

niose, scab, and blackleg, give clean seed. 

8. Results of spraying; prevents early and late blight, prevents the blight 

rot, reduces injury from tipburn, repels flea beetles, kills most of the 

other insect pests, stimulates the vines to longer growth, gives in- 

ereased yields. 

— (g 
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BE. Notes on spraying: 

1. It pays to spray. It is economical to use a combination spray, a poison 

and Bordeaux. 

2. Application should be timely and thorough; all the vines need to be 

well covered. 

8. Do not wait until the plant disease begins to show among the vines. 

Anticipate its coming and spray before it arrives. 

4, Do the work in season. Do not wait until it is too late. Once the 

blight gets a start in the potato field, it is very difficult to control. 

5. Do not buy too cheap a machine. Get a good one and save time, 

trouble, and expense. 

6. Be sure that the material is properly prepared. 

Practical exercises.—This lesson should be made essentially a lesson 
of practice. Whenever practical, specimens of the insect pests should 
be brought to the class and identified. ‘The treatment for such should 
be understood. In a like manner specimens of diseased potato plants 
and tubers should be studied. Pupils should be taught at least to 
identify the blights and scabs. The methods for control of each 
should be discussed carefully. Since the Bordeaux mixture for dis- 
eases and the arsenic poison for insects are the common sprays, the 
advantage of the combination spray should be shown. Actual prac- 
tice work in preparation of these sprays and in their application 
should be given. Visit a potato farm and observe the spraying 
methods. If deemed practical, allow the class to assist in the spray- 
ing. By using borrowed sprayers and water in place of spray 
solution, actual practice may be given the class in the handling of 
sprayers and in the method of applying the spray. Instruct the 
class to be on the outlook for signs of potato diseases and insect pests, 
and have same reported to the class and a study made at once. To 
summarize: Give plenty of practice in identification of insect pests 
and diseases, practice in preparation and use of sprays, and drill in 
the general control methods outside of spraying. If any one of the 
students has a potato project, he can apply the principles of this 
lesson to his own crop. 

Correlations—Spraying costs compared with additional yield and 
losses incurred where no spraying is done; comparative cost of 
spraying with other costs of production will give practice work 
in arithmetic. The formulas for spray mixtures will also give 
additional practice. 

Reports on observations and practice work will give language 
~material and the preparation of spray charts and formulas will af- 
ford work in drawing. 

LESSON XII. 

SuBject.—Uses of the potato—The potato as a food. 
Probiem.—To study composition, food value, and uses of the potato. 
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Sources of information.—Farmers’ Bulletin 295 ; Office of the Secre- 
tary Circular 106; Department Bulletin 468; bulletins from State 
college of agriculture. 

Illustrative material.—Construct a chart showing the composition 
of the potato; another showing the food value of the potato when 
compared with other foods. Samples of potato starch, alcohol, 
potato flour, and other products obtained from the potato. 

Class exercises.—The following topics are suggested for attention 
in this lesson: 

1. Composition of the potato—Water, starch, protein, crude fiber, 
fat, ash. Use iodin test for starch; use nitric acid and ammonia test 
for protein. Put a bit of potato on a piece of paper and put it into 
the oven or on top of a stove which is not hot enough to burn the 
paper. After heating hold paper up to light and see whether you 
can note any evidence of fat. : 

2. Uses of the potato—Potato starch, industrial alcohol, potato 
flour, glucose, sirup, mucilage, stock feed, and human food. Study 
briefly the minor uses mentioned above and the methods of making 
the products. Primarily, the chief attention SLD Me be given to the 
use of the potato as a human food. 

3. The potato as a human food—(a) Food values, chiefly a 
starch food, but contains some protein and mineral matter. 

(6) Advantages as a food—Furnishes an abundant supply of 
nutrients at a relatively low price; supplies nutrients in an easily 
digestible form; adds bulk to the food eaten. 

(c) Textures of flesh in cooked potato—Soggy, usually rather low 
in starch and relatively high in protein; waxy, a greater proportion of 
starch to protein; mealy, starch content high, protein relatively low. 

(2) Place in the general diet—Potatoes represent 3.9 per cent of 
the total cost of food, furnish 5.3 per cent of the total calories, 4.2 per 
cent of the total protein, 8.7 per cent of the total phosphorus, and 
13.5 per cent of the total iron. Since phosphorus and iron com- 
pounds are as important to include in the dietary as protein and fuel 
foods, it is seen that for the small percentage of money expended for 
potatoes a generous supply of nutrients is obtained. 

(e) Cooking—(1) Effects of cooking; transforms water into 
steam, expanding breaks down starch cells and free starch grains, 
coagulates the protein, affects minerals only slightly. Baking and 
steaming from all points of view are the best methods of cooking 
potatoes. (2) Losses in cooking; in paring, both by cutting away 
valuable material and exposing the soluble substances to the action of 
the water; in exposing a large amount of surface to the water; in 
soaking before cooking; in the use of cold water at the beginning of 
the cooking. (3) Recipes for using potatoes. Here a number of 
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well-tested methods for preparing potatoes for the table should be 
given and demonstrated. 

Practical exercises —In studying the composition of the potato, the 
pupils may make the tests themselves. (Caution: Be careful in 
handling the nitric acid.) Demonstrations in the methods of cooking 
potatoes may be made in the classroom. Recipes may be given out 
and the actual preparation may be done at home. I# school lunches 
are served, the potato may form one of the foods served. Potatoes 
as a substitute for flour in various dishes may be demonstrated. The 
demonstrations at school should be foilowed up with the preparation 
of the same recipes at the home of the student. 

Correlations—Construct charts for the classroom showing the 

structure and the composition of the potato with relative amounts of 
each constituent. 

Neat copies of recipes, reports on cooking processes, and a write-up 
of the study of the composition of the potato will give practice work 

in language, while a booklet on the uses of the potato well written, 
carefully prepared, and illustrated, if possible, will give correlation 
both in language and drawing. 

Problems showing comparative cost of potatoes as a source of starch 
food with other starchy foods, and like comparisons as to supply of 
minerals, will afford practice work in arithmetic. 

SUPPLEMENT. 

FORMULA FoR TREATMENT OF SEED PoTATOES, 

1. One pound 40 per cent formaldehyde to 30 gallons of water. Soak tubers 

for 2 hours. May be used over and over again for at least 10 times, 

2. Four ounces dry corrosive sublimate to 30 gallons of water. Dissolve the 

powder first in a quart of warm water and then add it to the other. This solu- 

dion should not come in contact with metal. Should not be used more than three 

limes unless renewed. Soak potatoes for at least 13 hours. Handle with great 

eare, for this solution is very poisonous. 

BORDEAUX MIXTURE. 

Five pounds copper sulphate (blue vitriol). 

Five pounds stone lime. 

Wifty gallons of water. 

Dissolve the copper sulphate in water. 

Slake the lime with water. Then mix in a barrel containing 50 gallons of 

water. If desired, a 3.3:50 solution may be made, but the above is better. 

If used to any extent, slake solutions of both the copper sulphate and lime should 

be prepared and then added to the water when ready to use. : 

If desired to kill potato beetles or other insects, add to the Bordeaux mixture 

from 3 to 5 pounds of arsenate of lead or 1 pound of Paris green, and add 2, 

pounds of quicklime to prevent burning. One pound of Paris green to the acre 

either in water or Bordeaux mixture is ordinarily recommended. Arsenate of 

lead has the advantage of adhering to the vines and is only slightly washed off 

by the rains. 
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THE PERSISTENCE OF SPRAYS CONTAINING COPPER. 

General experience in the use of copper-containing spray mixtures 
indicates a progressive decrease in the fungicidal effectiveness of the 
spray coatings which is to a large extent proportional to the relative 
amounts of spray residue present. A direct decrease in effectiveness 
is brought about by weathering factors, such as washing by rain or 
dew, mechanical abrasion by wind, and slow chemical change in the 
exposed spray coating. An indirect decrease in effectiveness may 
result from the growth extension of plant parts, either through en- 
largement of organs already sprayed or through the development of 
new organs subsequent to the spray application. In practice the 
interval between spray applications depends on the rates of both 
weathering and growth extension. The second can be judged by 
careful observation. In so far as the first is concerned, observations 
are often misleading. Present-day spray calendars are based only 
in a general way on the average practical and experimental experi- 
ence of past years. In any particular season or section or planting 
the actual requirements for adequate protection may vary widely 
from such average, necessitating greater or less frequency of applica- 

1 The writers wish to express their appreciation of the cooperation in connection with this work of the 

staff of the Miscellaneous Division, Bureau of Chemistry, United States Department of Agriculture, 

104322°—19—Bull. 785 
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tion than the standard spray calendar provides. It is difficult to 
estimate the effects of the complicated set of local factors that deter- 
mine the effective period of any spray application. A suitable 
chemical test of the spray coating would seem to be a desirable aid 
in forming judgment as to the proper time for renewal. Such test 
should be simple, rapid, and reasonably accurate. The more refined 
methods of chemical analysis, while very exact, would not well serve 
the practical purpose, because of the special requirements in profes- 
sional training, apparatus, and time. 

A PRACTICAL METHOD OF FIELD TESTING. 

The following method has been used during two seasons and has 
been found to be reasonably satisfactory in field practice. This is 
indicated by the consistent results obtained with varying strengths 
of copper sprays, many of which have been checked by exact chem- 
ical analyses of duplicate samples. 

A 200-grem fresh weight sample of leaves is washed at least three 
minutes, with occasional stirring, in 1,000 c. c. of a 0.2 per cent- 
solution of chemically pure nitric acid in water, either distilled or 
sufficiently pure to give correct results. A convenient amount of 
this acidulated wash water is treated with a few drops of 2 per cent 
solution of potassium-ferrocyanid solution, sufficient to precipitate. 
the copper. A color comparison is then made with a series of known 
dilutions of a standard copper solution, similarly treated with the 
potassium-ferrocyanid solution. From this comparison the copper 
content of the wash water is determimed. For more exact readings 
a colorimeter may be used. 

The standard copper solution is made by dissolving 3.928 grams of 
pure crystals of copper sulphate in water to make 1,000 c.c. Each 
cubic centimeter of such standard solution would then contain 1 
milligram of copper, and by proper dilution with water stock solutions 
may be readily prepared for the comparison series containing one-half 
to 10 mg. of copper per 100 c. c. of water, in one-half or 1 mg. grades. 
If the wash water gives readings above 8 or 10 mg. of copper per 100 
c.c.itshould be diluted for accurate color comparison and account of 
this taken in figuring results. On the basis indicated above, any 
direct reading multiplied by 5 will express the amount of copper in 
the spray residue in milligrams per 100 grams fresh weight of leaves, 
a convenient unit for tabulation purposes. The solutions of potassium 
ferrocyanid and of nitric acid may be varied in strength for con- 
siderable differences in the copper content of the spray coating, so as 
to avoid using unnecessarily strong solutions, with consequent re- 
duction in the delicacy of the test. There must always be a sufficient 
amount of nitric acid to dissolve completely the copper compounds 
and of potassium ferrocyanid to precipitate them completely. 
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Due care must be taken to make the leaf samples representative. 
About three samples of 200 grams each should be taken at various 
parts of a sprayed planting. Under ordinary conditions collections 
every three or four days will give satisfactory indication of the 
persistence of the spray residue. If in the case of any variety of leaf 
there is a tendency toward discoloration of the wash water from dis- 
solution of organic compounds in such a way as to interfere seriously 
with the color comparisons, one may titrate a measured quantity 
of the wash water with a solution of potassium ferrocyanid previously 
standardized against a copper solution of known strength, using a 
weak ferric-chlorid solution as the end-point indicator, in small drops 
on a white porcelain plate. Tests on many kinds of crop plants 
indicate that this titration method will be seldom needed. Per- 
mitting the weighed leaves to dry or to ‘“‘heat’’ may interfere with 
accurate testing. 

The coating on the foliage will usually prove to be a fair index to 
the thoroughness of application to-other parts. For convenience, 
the samples are based on weight, but the spray coating is propor- 
tional to area. The different ratios between these, due to difference 

in species or age of leaves, when considerable, should be given due 
weight in making comparisons. Obviously, it is possible to secure as 
high tests from strong sprays unevenly applied as from moderate 
strengths more evenly and effectively used, but it is believed that 
the histories of such cases will guard against incorrect interpretations. 

The amount of spray residue necessary for adequate protection 
against any specific disease would doubtless vary with a complex set 
of factors. There would thus exist a critical transition zone with 
maximum and minimum limits above which protection would be 
secured and below which protection would be insufficient. These 
limits can be determined only from investigations covering a period 
of years. The best spray practice should aim at keeping the spray 
coating always above the maximum limit, and ordinarily good prac-. 
tice should never take the risk of falling below the minimum limit. 

FIELD TRIALS. 

During the two seasons that this method has been in use, something 
like 75 schedules have been tested by the writers. The following 
results are selected as being representative. 

APPLE LEAVES AT CROZET, VA. 

Winesap apple leaves were tested at Crozet, Va., June 23 to 
July 22, 1917. The orchard was about 5 acres in extent and was 
sprayed with 34-50 Bordeaux mixture on the date of the first collec- 
tion. Each sample was divided, one portion being sent to the Bureau 
of Chemistry, United States Department of Agriculture, for exact 
analysis, and the other tested by the field method outlined above. 
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The analytical data are based on the dry weight of the samples, and 
the field tests data have been converted to the same basis by assuming 
a constant value of 35 per cent for the dry weight of the leaves (fig. 1). 
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Fic. 1.—Tests for copper on apple leaves sprayed with 34-50 Bordeaux mixture. A represents 
the results of chemical analyses on the basis of milligrams per 1,000 grams dry weight of leaves. 
B represents the results of field tests of duplicate samples on the basis of milligrams per 100 grams fresh 
weight of leaves. The two scales are plotted on an equivalent basis, assuming the dry weight of the 
leaves to be constantly 35 per cent. 

A scale for equivalent readings in milligrams of copper per 100 grams 
fresh weight of leaves is also indicated in the figure. 

At this early period in the work the samples were too small to give 
the best results for so large a planting. However, there is reasonably 
close agreement between the graphs secured by the two methods, with 
the exception of a few of the first determinations. 

Tests were made during July and August, 1917, in two apple or- 
chards, A and B, at Crozet Va., sprayed by the owners with 3-4—50 
Bordeaux mixture according to their usual practices. Both orchards 
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had received a first application of the mixture about the middle of 
June. The readings indicate the milligrams of copper per 100 grams 
fresh weight of leaves. Two other orchards, C and D, in the same 
locality, bore ight crops of fruit and for this reason were given rather 
light spraying of 3-4-50 Bordeaux mixture by their owners. 

Tests before and after the second and third spray applications in 
these orchards gave the results shown in Table I. 

ED I.—Field tests in spraying apple orchards A, B, C, and D with 3-4-50 Bordeaux 
mixture, at Crozet, Va., in July and August, 1D 

Orchard A. Orchard B. Orchard C., Orchard D. 

Spray application. i 
Date Date Date Date 5 

sampled. | R®@4ing.| sampled. | R@dine.| sampled. | Reding. | sampled. | Reading. 

Milli- Milli- Milli- Milli- 
grams. grams. grams. grams. 

Fint July 9 41.6| July 9] « 35.7] July 19 41.6 | July 20 29.4 
TUS ieseace GHBORSaRSCe July 12 29.4 | July 12 17 | estas ie | oy ME (STN 

July 17 rT yon Rema An July 23 62.5 | July 24 47.6 
aeeend July 19 125 | July 20 166.6 | July 26 20 | July 26 31 

BEDE sone Soescane se July 23 111.1] July 24 i aKa Kes Rae Wai he Re «ek | ek eh 
July 26 76.9 | July 26 LU Os i (ERPs: Pepe eae PAS aL AOA Fe a na | ev as A aa 

CAN Peo US eee es See eet August 2 100 Aug. 2 125 Aug. 3 55.5 | Aug. 2 71.4 

BEARING GRAPEFRUIT TREES AT WINTER PARK, FLA. 

Two spray applications on a commercial basis were made on plats 
of bearing grapefruit trees at Winter Park, Fla., the first on March 9 and 
the second on April 16, 1918, using a power sprayer developing approxi- 
mately 225 pounds pressure. ‘The plats contained 30 trees each. 
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Fic. 2.—Field tests for copper on grapefruit leaves sprayed with 34-50 Bordeaux mixture (A), 34-50 
Bordeaux mixture with the addition of a certain oil emulsion (B), 3-34-50 Burgundy mixture ((C). 

Each application was renewed on April 17. 

Single samples of 200 grams fresh weight were taken from each plat 
at intervals of about four days until June 1 (fig. 2). In this test 
3-4-50 Bordeaux mixture was used with and without a certain oil 
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emulsion, and the Burgundy mixture was also made up with 3 
pounds of bluestone. The tests show consistent decreases in copper 
content of the coatings. 

CITRUS NURSERY STOCK AT BRADENTOWN, FLA. 

At Bradentown, Fla., comparative tests were made with three 
strengths of Bordeaux mixture, made up according to 3—4-50, 
2-23-50, and 1-13-50 formulas. The applications were made in 

SEB MAAC : 
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Fig. 3.—Field tests for copper on sour-orange leaves. A and D were sprayed with 3-4-50 Bordeaux mix- 

ture; B and £, with 2-22-50 Bordeaux mixture; and Cand F, with 1-14-50 Bordeaux mixture. A, B, 

and C were in Nursery I; D, EZ, and Fin Nursery II. 

February and March, 1918, on two nursery plantings of overgrown 
sour-orange stock. In Nursery I the trees were about 6 feet high; 
in Nursery II about 3 feet. A bucket spray pump was used, and in 
each nursery measured amounts of spray were applied to equal 
lengths of the nursery rows to secure a distribution of the spray as 
equal as possible. The fresh weight of each leaf sample approxi- 
mated 100 grams. Figure 3 shows the relative agreement of the 
field test results with the strengths of spray applied. Plat F was 
sprayed with the others on February 21, but the first sample was lost. 
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CELERY AT BRADENTOWN, FLA. 

Figure 4 shows the behavior of Bordeaux mixture on celery at 
Bradentown, Fla., in February and March, 1918. Each. -grower 
prepared and applied the mixture in his own way to plantings of 
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Fig. 4.—Field tests for copper on celery leaves. Four fields were sprayed by the owners with Bordeaux 
mixture supposedly made up in each case with 6 pounds of bluestone in 50 gallons. A hypothetical 
safety zone is indicated between the 35 and 45 milligram tests. The actual determinations are indi- 
cated by O, the estimated interpolations by X. 

1 or more acres. In every case the grower claimed that 6 pounds 
of bluestone were used in 50 gallons of the Bordeaux mixture. Knap- 
sack sprayers were used. With the exception of field D one or 
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more applications had been made before testing began. When 
samples could not be taken immediately before and after a spray 
application, estimates have been made from the previous or sub- 
sequent direction of the graph to determine the probable values, 
and such approximations are indicated by X rather than by O in 
plotting. 

The owner of field A, besides guessing at the quantities of ingre- 
dients, followed a faulty method of mixing the spray. In spite of 
frequent applications, the results were very unsatisfactory. If it is 
assumed that adequate protection from some specific celery disease 
is secured by spray residues testing between 35 as a minimum and 
45 as a maximum for a transition zone, it will be seen that this field 
was really protected for only 3 out of 38 days by 6 applications. 

Field B, with two applications, dropped below this theoretical 
transition zone 10 days after the second application and stood with 
insufficient protection during the remaining 15 days of the test 
period. 

Field C, with four applications, was insufficiently protected during 
a total of five days, but this could have been prevented by slight ~ 
shortening of the intervals between applications. 

Field D was late celery sprayed first on March 1. On the basis 
of the limits assumed for the critical zone, the second application 
should have followed the first in 10 days, and the interval between 
the third and fourth might have been considerably prolonged pro- 
vided large growth development had not occurred. 

DIRECTIONS FOR USE. 

As a guide in the practical use of this method, a condensed state- 
ment of the successive steps may be outlined, as follows: 

Dissolve 3.928 grams of pure crystals of copper sulphate in distilled water and 

make up to 1,000 c. c. 

Prepare in well-stoppered bottles stock dilutions of the above solution containing 

one-half c. c., 1 ce. c., 14 ce. c., 2c. c., and so on up to 10 c. c., in 100 c. c. of distilled 

water. These dilutions would then contain from one-half to 10 milligrams of copper 

per 100 c. c. 
Prepare a weak solution of potassium ferrocyanid, about 2 grams in 100 c. c. of 

distilled water. 
All of the above may be prepared in advance, by a pharmacist if desirable, and 

kept for a season’s use. 

Collect at least three representative samples of sprayed leaves, each of 200 grams 

fresh weight. 

Wash each sample separately in 1,000 c. c. of pure water to which has been added 

2c. c. of chemically pure nitric acid, being careful to use glass or chinaware vessels 
and stirring occasionally for at least three minutes. : 

Pour into test tubes or vials of uniform size about 5 c. c. portions of the graded stock 

solutions of copper sulphate, and add to each a few drops of the potassium-ferrocyanid 
solution, sufficient to develop the maximum color reaction. 
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Treat similarly 5 c. c. portions of the washings from the leaf samples. Compare 
the color developed in these with the graded series. Take for a reading the number 

expressing milligrams of copper per 100 c. c. in the stock dilution that matches closest 

in color intensity. Simply multiplying this reading by 5 will then give a value in 
milligrams of copper per 100 grams fresh weight of leaf sample, a convenient unit for 

finally expressing the amount of copper in the spray coating. The results from the 

several samples may be compared and averaged. 

CONCLUSION. 

This field method of following the persistence of copper-containing 
sprays promises to be of service to pathological investigators, agri- 
cultural experts, and commercial growers along these lines: (1) To 
secure data showing the persistence of copper-containing sprays as 
it may be influenced by method of preparation, weathering, or 
other factors; (2) to determine the minimum and maximum limits 

of working safety zones, as measured by evenly distributed residues, 
effective for the practical control of specific diseases; (3) to secure 
prompt correction of faulty spraying practices, either in the prepa- 
ration of mixtures or in the times or modes of application, with a 
view to insuring more effective and economical protection of crops; 
and (4) to serve as a practical guide in timing new applications, 
especially after rainy periods. 
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INTRODUCTION. 

There are about 1,950 farmers’ mutual fire insurance companies in 
the United States. These companies have in general shown a high 
degree of stability and have proved of much value to their members. 
The total amount of insurance which they now have in force exceeds 
$6,000,000,000. A questionnaire was sent out by the Bureau of Mar- 
kets making inquiry concerning the plans of organization and the 
business practices of these companies. The information contained in 
this bulletin is largely a summary of the replies to this question- 

naire. 
The organizations here classed as farmers’ mutual fire insurance 

companies are those mutuals whose risks consist either entirely or 
very largely of farm property. In most States where these com- 
panies exist they are recognized as a separate and distinct class of 
insurance organization and operate under laws which practically 

Norn.—tThis bulletin should be of special interest to the directors and officers of 

farmers’ mutual insurance companies, and to those who contemplate the organization of 
such companies. 

104975°—19—Bull. 786 
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limit the insurance written by them to country risks. In several of 
the Eastern States and some of the Southern States, however, no such 
distinct class of farmers’ mutuals has been provided for by statute. 
In these latter States, therefore, it is frequently difficult to determine 
which of the mutual fire insurance companies should be considered 
farmers’ mutuals and which should not. No company has been in- 
cluded in the above or in succeeding figures whose reply indicated 
that the risks carried were other than farm property to an extent 
greater than 35 per cent. 

Of the organizations complying with the above-mentioned require- 
ments a total of 1,161 companies filled out the questionnaire.t. The 
returns upon which the bulletin is based are thus approximately 
three-fifths complete and are believed to be sufficiently numerous and 
also sufficiently representative to enable one to draw fairly accurate 
conclusions concerning the prevailing plans and practices of the 
entire group of companies here considered. On many points, how- 
ever, it will be noticed that the variations in plans and methods are 
quite as noticeable as any tendency toward uniformity. 

LOCATION OF COMPANIES, DATE AND METHOD OF 
INCORPORATION. 

- Farmers’ mutual fire insurance companies are found in greater or 
smaller numbers in all the States except Florida, Louisiana, New 
Mexico, Arizona, and Nevada. More than four-fifths of these com- 
panies, however, are located in the Middle Atlantic and the North 
Central States. Their number and approximate locations are indi- 
cated on the outline map shown on page 3. 

For most of the States the date of organization of the insurance 
companies is given in the annual report of the insurance department. 
It is therefore possible to give a more complete statement concerning 
this phase of the question than information secured by means of the 
questionnaire alone would permit. Using both the questionnaire and 
the insurance reports, it has been possible to determine the date of 
organization of 1,879 of the farmers’ mutual fire insurance com- 
panies. The number of existing companies which were organized 
during each decade is indicated in the following table: 

Companies. Companies. 

USZOS1NS2OMLE Ee ie Le ee 2 LST OATS POS ae ea NPes Se 2 ee 8 484 

TSSO-1USZOH US Ge Ok Fi a 8 1SSOS188O ke Faye ie Wee 333 

TS840—1849 28 ee 838 ASQOAUSOO so Sie eee Lage 450 

TSH Oma SHON AAU ai ls ioe De lee 61 MOOOALGOO ssc See 254 

1860-1869_____ Beane 98 OM OO Gio ee IP ae 151 

1The information thus secured has already been used as the basis fer various con- 

clusions in Yearbook Separate 697, and in Department Bulletin 530 (see appendix), but 

the data have not before been put in summary form suitable for general distribution. 
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Of the 1,161 companies replying to the questionnaire 124 were 
incorporated by special acts of the legislatures, while 967 were incor- 
porated under general statute. Twenty-one of the companies existed 
as voluntary associations without incorporation and 49 gave no 
information on this particular question. 

Most of the companies incorporated by special charter are in the 
East and Southeast. The companies in the Middle West and the 
far West, on the other hand, are almost universally organized and 
operated under general statutes enacted specifically for farmers’ 
mutuals. The unincorporated associations were almost entirely con- 
fined to Indiana and Missouri. 

MEMBERSHIP, VOTES, AND ANNUAL MEETING. 

One thousand one hundred sixteen companies reported the num- 
ber of members. The smallest membership of any company was 25 
and the largest was 32,483, the average membership for the 1,116 
companies being 1,532. Twenty-eight companies had a membership 
of less than 100, while 313 had a membership of between 100 and 
500, and 257 had a membership of between 500 and 1,000, making a 
total of 598 companies reporting, each of which had less than 1,000 
members. The companies having less than 100 members were in 
general recent additions to the list of farmers’ mutuals. Two hundred 
sixty-seven companies had a membership of between 1,000 and 
2,000; 130, between 2,000 and 3,000; and 62, between 3,000 and 5,000; 
while 59 companies had 5,000 or more members. Nearly four-fifths 
of the 1,116 companies reporting membership, therefore, were organi- 
zations of less than 2,000 members. 

Information concerning the voting privilege of members was 
given by 1,150 companies.. Of these, 933 reported that each mem- 
ber had one vote, while 217 reported that plural votes based upon 

either the amount of insurance or the number of policies held by a 
given member were allowed. Of the 217 companies allowing plural 
votes, 179 used the amount of insurance and 38 used the number of 
policies held in determining the number of votes granted to a mem- 
ber. The prevailing plan, as the figures indicate, is to allow each 
member one vote regardless of amount of insurance or number of 
policies held. More than four-fifths of the companies followed this 
plan. 

Concerning the date of the annual meeting, 1,144 companies gave 
information. Of these, 734 held the annual meeting in January, 
82 in June, 75 in October, 63 in December, 44 in August, 34 in Sep- 
tember, and 33 in May, while smaller numbers held such meeting 
during yet other months, the date in general being fixed at such 
time of the year as, for the locality in euestion, would make it most 
convenient for members to attend. 
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The number present at the last annual meeting was reported by 
1,002 companies. The largest number present at the annual meeting 
of any one company was 1,350 and the smallest was 3. The average 
number reported was 61. In only 179 cases was the number present 
larger than 100, and in only 48 cases was it less than 10. 

DIRECTORS AND OFFICERS. 

The maximum number of directors of any one of the 1,140 com- 
panies reporting on this point was 55 and the minimum was 2. Only 
91 companies reported more than 15 directors and only 66 companies 
reported less than 5. The average as well as the most common 
number of directors for the companies reporting was 9, and 405 
companies actually reported this number for their organization. 

The term for which directors are elected was reported by 1,144 
companies. The term was one year in the case of 517 companies, 
two years in the case of 62 companies, three years in the case of 508 

companies, four years in the case of 43 companies, and five years 
in the case of 11 companies. One company reported the term of 
directors as seven years; and 2 reported that the directors held their 

positions without any limitation as to term of office. It thus appears 
that the favorite term of directors is either one or three years. It 
may also be stated that in a number of the laws more recently 
enacted it is specifically prescribed that the term of directors shall 
be three years and that one-third of the number shall be elected each 
year. 

Practically all the companies giving information reported having 
a president and a vice president. In the case of secretary and 
treasurer, 926 companies reported these offices as held by two distinct 
persons, while 226 companies reported a secretary- -treasurer, indicat- 
ing that the duties of secretary and treasurer in the latter Broun of 
companies were performed by the same person. 

Of the 1,145 companies giving information concerning the term 
for which ae are elected, 1,032 gave one year; 47 companies 
gave two years; 53, three years; 11, four years; and 2, five years. In 
the case of officers, therefore, as distinguished from directors the 
practice of a one-year term is fairly uniform among the farmers’ 
mutuals. 

Besides directors and officers, 249 companies reported an auditing 
committee ; 240 companies reported an executive committee; and 106 

companies reported an adjusting committee. A few companies re- © 
ported yet other committees under such titles as appraising, valua- 
tion, application, revision, inspection, cancellation, arbitration, _ 
appeals, finance, and advertising. A number of these terms refer, of 

course, to committees with identical or at any rate similar duties. 
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HAZARDS AND RISKS. 

All the companies returning questionnaires gave information con- 
cerning the hazards against which insurance was written. Thirty- 
three companies insured against fire'only and 958 against fire and 
lightning. One hundred and seventy companies reported giving 
so-called combined protection, sot fire, lightning, and wind- 
storm in their contract. 

Farmers’ mutuals: writing combined protection were found in 
nearly all States with the exception of those located in New England 
and on the Pacific coast. In the case of companies operating in all 
or the greater part of a State the offering of windstorm protection 
as well as of fire and lightning protection is a fairly common prac- 
tice everywhere. This practice in so far as it relates to county or 
relatively local companies, however, is limited largely to the States 
of the South. In a number of the States of the Middle West special 
windstorm insurance companies doing a State-wide’ business and 
working in-close cooperation with the local fire insurance mutuals 
have been developed. The plan of carrying windstorm insurance by - 
a relatively local company has proved disastrous in a number of in- 
stances, the losses from a single severe storm in a community not 
infrequently exceeding all available resources of a small company. 
From the point.of view of the fire hazard, on the other hand, so far 
as the typical farming community is concerned, each group of farm 
buildings and to a considerable extent each building in the group 
constitutes a separate and distinct risk, and hence nothing corre- 
sponding to a conflagration hazard is present. Considerable allow- 
ance may of course be made for differences in the probability of 
severe windstorms in different sections of the country, but experience 
has proved that few, if any sections are entirely exempt from the 
most destructive form of windstorm known, namely, the tornado. 

All but four of the companies reporting gave information concern- 
ing the property insured. One thousand sixty-four companies re- 
ported insuring only farm property and similar segregated risks 
within the limits of cities or villages, while 93 companies reported 
insuring also a larger or smaller amount of other city property. 
‘Companies reporting more than 35 per cent of the insurance on their 
books as city property were, as already stated, not included in this 

summary. 
Among the 898 companies which reported the maximum single 

risk accepted by them, the highest for any company was $15,000 and 

the lowest $750. A total of 349 companies reported their maximum 
single risk as larger than $4,000, and only 58 companies provided 
for a maximum of less than $2,000. The average of such maximum 
risk for these companies was $3,994. Two hundred sixty-three 



FARMERS’ MUTUAL FIRE INSURANCE COMPANIES. uf 

reports gave no reply to this question. The significance of these 
figures, it should be pointed out, is materially lessened by the fact 
that the definition of a “single risk” or “any one risk” as used by 
these companies is by no means uniform, some companies applying 
the term to all the property insured on a given farm, or even In a 
few instances to the property covered by a single policy, while others 
use it in the more appropriate sense as signifying a unit or group of 
property subject to destruction by a single fire. 

The highest percentage for which insurance is granted by any of 
these companies was reported as 100 per cent of the cash value and 
the lowest such maximum was 33 per cent. The average percentage 
fixed as a maximum for insurance granted was 70 per cent of the 
cash value. Only 41 companies reported accepting risks for more 
than 75 per cent, and only 14 companies reported the maximum per- 

centage of value permitted to be insured as less than 663. 
The maximum term for which policies are issued was given by 

1,155 companies, and of these, 806 gave 5 years as such maximum. 
Thirteen companies reported writing policies for not longer than 
1 year; 58, for not longer than 3 years; 19, for not longer than 4 
years; and 19 others, for not longer than 6 years. Thirteen com- 
panies reported writing policies for terms up to 7 years and 18 others 
for terms up to 10 years. Perpetual or annually renewable policies 
were written by 214 companies. It appears, therefore, that 5 years 
is the most common maximum period for which policies are issued 
by these companies, more than two-thirds of them reporting this 
term, while nearly one-fifth of the farmers’ mutuals issue policies 
which remain in force as long as assessments are met by the insured 
or until the company finds reason to cancel the insurance. 

BUSINESS TERRITORY. 

Information concerning the territory to which they confine their 
operations, either as the result of legal restrictions or of self-imposed 
limitations was given by 1,145 companies. Of these, 386 companies 
reported their business territory on a township basis; 715, onia 
county basis; and 44, on a State basis. Of the so-called township 
‘companies, 87 operated in a single township; 38, in 2 townships; 21, in 
3 townships; and 32, in 4 townships. Ninety-eight companies oper- 
ated in from 5 to 9 townships; 40, in from 10 to 14 townships; 44, in 
from 15 to 24 townships; and 26, in 25 or more such units of area. 
The companies operating on a township basis are most common in 
Illinois, Wisconsin, and Minnesota, although a considerable number 
of such companies are also found in Maine, New Hampshire, New 
York, Pennsylvania, and Ohio. 

Of the 715 companies reporting their business territory on a 
county basis and therefore frequently termed county companies, 
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373 operated in all or a part of a single county; 102 operated in 2 
counties; 87, in 3 counties; and 44 in 4 counties. Eighty companies 
operated in from 5 to 9 counties; 17, in from 10 to 14 counties; 6, in 
from 15 to 24 counties; and 6 others in 25 counties or more. 

Of the 44 companies reporting business territory on a State basis, 
11 indicated that they operated in part of the State; 29 that they 
operated in an entire State; and 4, that they operated in two 

States. 
A question was also asked concerning the maximum business ter- 

ritory permitted the company by the law or charter authorizing it to 
do business. From the replies to this question it appears that 811 
companies operated in an area equal to the maximum permitted, 

while 317 companies restricted themselves to a smaller area than that 
legally permitted, and 9 companies on the other hand, operated in 
larger areas than those prescribed to them by law. ‘Twenty-four 
companies did not give the necessary information for a comparison 
of this kind. It may be pointed out in this connection that some of 
the earliest farmers’ mutual insurance laws limited the companies 
organized thereunder to a single township. There has been, how- 
ever, a general tendency to increase the business territory permitted, 
and more recent laws almost invariably prescribe a maximum busi- 
ness territory on a county basis. 

PLAN OF RAISING FUNDS AND FREQUENCY OF ASSESSMENTS. 

Twenty-five of the 1,161 companies returning questionnaires re- 
ported doing business on a fixed premium plan, while 1,113 reported 
relying mainly or in part upon assessments for their funds with 
which to meet the obligations assumed. Twenty-three companies 
gave no information upon this point. Most of the companies oper- 
ating essentially on the assessment plan collect in advance a mem- 
bership or policy fee together with a slight advance charge based on 
the amount of insurance written. The policy or membership fee 
collected varied from $15 to 25 cents. The average such charge for 

all the companies reporting was $1.54. The $15 fee, a membership 
fee collected only once from each member, was charged by only a 
single company, the next highest membership or policy fee being $5. 
Only 17 companies reported such charges in excess of $3, and only 45 
‘companies reported similar charges of less than $1. The initial 
charges based on the amount of insurance written varied from 50 
cents per hundred per year to two-tenths of a cent per hundred per 
year, the average of such charges being approximately the equiva- 
lent of 6 cents per hundred per year for the term of the policy. 

In reply to a question on frequency of assessments, 121 companies 
reported that no assessment had hitherto been made. Of the remain- 
ing companies 76 reported having made but 1 assessment during the 
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last five years, while 99 reported having made 2 assessments during 
the same period; 135 reported 3 assessments; 116, 4 assessments; 418, 
5 assessments; 62, 6 assessments; 26, 7 assessments; 22, 8 assessments; 

and 21, 9 assessments. Thirty companies reported from 10 to 14 
assessments, and 9 more than 15 assessments. The greatest number 
of such assessments levied by any one company during the last five 
years was 29. Thirty-one companies did not report the frequency 
of assessments. From the figures just given it may be seen that the 
most common plan is that of annual assessments, while in the remain- 
ing cases less frequent assessments than 1 per year are considerably 
more common than more than 1 assessment during the 12-month 
period. The plan of collecting in advance at least one year’s esti- 
mated cost of insurance, and the assessing in advance for each of the 
succeeding years of the policy term, appears to be gaining in favor 
among these companies. 

LIABILITY OF THE INSURED. 

Of the companies reporting, 829 operated under the unlimited lia- 
bility plan, the insured obligating himself to pay his pro rata share 
of all losses and expenses legally incurred by the company. Of the 
remaining companies, 215 reported limiting the lability of the in- 
sured to a specific amount, while 117 companies returning question- 
naires gave no information covering this question. The average obli- 
gation assumed by the policyholder in the companies which reported 
limited liability was equal to $1.41 per hundred per year while the 
policy remained in force. A special note was required as evidence of 
the liability of the insured by 161 companies while the greater number 
reporting, namely, 872 companies, relied on a clause in the insurance 
contract for the validity of the obligation assumed by the insured. 
One hundred twenty-eight companies reporting did not give in- 
formation upon this point. It would appear, therefore, that less 
than one-fifth of the farmers’ mutuals limit the liability of the in- 
sured, and that even a smaller proportion require a premium note. 
The prevailing plan is that of unlimited liability, the obligation to 
pay his proper part of losses and expenses being assumed by the 
insured as a part of the insurance contract. 

CLASSIFICATION OF PROPERTY. 

The returns from 334 of the companies indicated that they made a 
more or less elaborate classification of the risks insured, while 733 
companies stated specifically that no classification at all was made 
by them. The remaining 94 companies returning questionnaires did 
not answer the question concerning classification. It may be added 
that proper classification for premium and assessment purposes has 
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only recently begun to be considered seriously by these companies, 
and that a number of them have adopted a classification of their 
risks within the last year or two. This is especially true in the better 
developed rural sections of the country. Three main reasons may be 
given as to why the mutuals in these sections are adopting a classifica- 
tion of their risks. First, a demand for a closer approach to justice 
in the charges collected from the members, it being obviously unfair 
to apply the same rate of premiums or assessments to highly desirable 
risks as is applied to the more hazardous ones. To apply the same 
rate, for example, to a well-constructed stone or brick dwelling with 
slate or tile roof and provided with proper lightning protection, as is 
applied to an unrodded wooden barn, involves a very material dis- 
crimination against the better of the two risks. Secondly, it has been 
found that expediency as well as justice demands a reasonable classi- 
fication of farm risks. Without such classification it is possible for a 
larger company that does classify or rate its risks, by means of a 
competitive offer, to take away from an all-one-rate local mutual the 
most desirable risks in its territory. This can be done, of course, 
even though the cost of insurance in the local mutual on its one and ~ 
only class of property be much lower than the average cost on the 
same property in the larger competing company. Lastly, it has been 
found that the recognition of,certain loss-resisting features by means 

of suitable concessions in the classification and rates applied is one 
of the most practical ways of encouraging the general improvement 
of the risks within the business territory of the company. <A sug- 
gested classification of farm risks may be found in Department Bulle- 
tin 530 of the United States Department of Agriculture. 

METHOD AND COST OF GETTING BUSINESS. 

The question of who looks after the matter of soliciting business 

was answered by 1,141 companies. Three hundred sixteen com- — 
panies stated that business was solicited by the directors only, 182 
by officers only, and 82 by directors and officers, making a total of 
580 companies soliciting business only through responsible officials 
of the organizations. Four hundred two companies reported solici- 
tation by special agents only; 65 by directors and agents; 31 by 
officers and agents; and 16 by directors, officers, and agents. Forty- 
seven companies reported that no solicitation of business was done 
by any one, the company relying upon the initiative of those needing 
protection to apply for membership. Twenty companies returning 
questionnaires gave no information on the method of getting business. 

Since it is known that in many cases certain directors or officers 
are specifically designated agents for the solicitation of business it 
is probable that many companies reported securing business through 
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special agents when as a matter of fact it would have been equally 
true to state that this service was performed by certain directors or 
officers. For this reason it is believed that the plan of securing busi- 
ness through responsible officials of the companies is even more com- 
mon than the above figures would indicate. Many of the companies, 
it may be mentioned in this connection, pride themselves upon the 
fact that their history indicates a steady and healthy growth cover- 
ing a number of decades and that every member of the company has 
been admitted as a result of a personal application on his part and 
without any effort or expense on the part of the company. While this 
passive attitude toward the growth of the company has worked ex- 
ceedingly well in certain communities it is by no means universally 
applicable. 

Only 232 companies reported making efforts to secure business 
through advertising, while 892 stated specifically that they did not 
advertise. Thirty-seven companies did not reply to the question. 
Of the companies resorting to advertising as a means of promoting 
the growth of the company, 112 reported the use of newspapers for 

this purpose. Forty-nine reported using special circulars only; and 
42 reported using both newspapers and special circulars. ‘Twenty- 
nine companies merely replied that they did some advertising without 
specifying the method employed. 

Seven hundred twenty-two companies reported compensating their 
representatives for the solicitation of business by means of a fixed 
fee per application taken. The maximum of such fee reported by 
any company was $4 and the minimum was 25 cents. The average 
fixed fee allowed was $1.28. Only 32 companies reported such fee 

in excess of $2, while 78 companies reported a fee of less than $1. 
Fifty-six companies paid both a fixed fee and a small commission 
based on the amount of insurance written, while 82 companies re- 
ported paying for services in soliciting business on a per diem basis. 
No information concerning the cost of getting business or the method 
used in compensating for this service was given by 170 companies. 

One hundred thirty-one companies reported compensating their 
officials or agents for the solicitation of business strictly on a com- 
mission basis. The average commission allowed by these companies 
amounted to $0.027 per hundred per year of the insurance written. 
Only 18 companies allowed a commission equivalent to more than 5 
cents per hundred per year, and 62 companies paid such commission 
equal to less than 2 cents per hundred per year. : 

The fixed fee plan of compensating solicitors of business in these 
companies may thus be said to be the current practice, being followed 
by more than three-fourths of the companies. This plan eliminates | 
all temptation on the part of agents either to encourage or to permit 
overinsurance. 
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SALARIES OF DIRECTORS AND OFFICERS. 

More or less complete information concerning the compensation of 
directors and officers was given by 842 companies. In the case of 
directors each of these companies reported the actual per diem 
allowed. The largest such per diem was $10 and the smallest was 
50 cents. Only 24 companies paid a per diem of more than $3, while 
104 companies paid a per diem of less than $1.50. The average per 
diem paid by the 842 companies was $2.05. The most common 
amount paid was $2, nearly one-half of the companies reporting this 
figure. 

The question referring to compensation of officers was less gener- 
ally filled out than were the other parts of the questionnaire, and in 
view of the variation in the size of the companies, as well as of the 
different plans in vogue with regard to the distribution of duties 
among the officers, any figures in the way of averages would have 
but little significance. A few data bearing on the plans of com- 
pensation may, however, be submitted. The president was paid a 
fixed annual salary by 410 companies, while 85 reported paying a 
fixed allowance per policy in force during the year, and 56 others 
reported a combination of these two methods in the compensation of 
this officer. In the case of the secretary, 423 companies reported pay- 
ing a fixed annual salary; 98 reported compensating this official on a 
per diem basis, and 139 reported paying a fixed allowance per policy 
in force during the year. In the case of the treasurer, 315 companies 
paid a fixed annual salary; 118 reported compensating this official on 
a per diem basis; and 166 reported paying him on the basis of per- 
centage of money handled. Forty-one companies used a mixture of 
two or more of these methods as a basis for the compensation of the 
treasurer. Out of 188 companies which reported the compensation of 
a secretary-treasurer, 122 paid an annual salary; 18 companies paid 
a per diem; and 13 paid a fixed allowance per policy in force, while 
40 companies used a combination of two or more of these methods. 
The prevailing plan of compensation for directors and officers of 
these organizations is therefore that of a per diem for the directors 
and an annual salary for the officers charged with the routine work 

of the company. 

ADJUSTMENT OF LOSSES. 

Information concerning the agency used in the adjustment of losses 
was furnished by 1,143 companies. Of these, 178 reported having 
a committee charged with this duty, while 119 reported employing 
special adjusters. In the case of 404 companies the adjustment of 
losses was left entirely to the directors while in the case of 97 com- 
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panies one or more of the officers were charged with this duty. The 
345 other companies giving information on this point reported va- 
rious combinations of the plans already given. So far as any plan 
ean be spoken of as most common it is that of leaving the adjust- 
ment of losses to the directors, each acting for the company as a rule 
in his own neighborhood. While this plan may be the cheapest, a 
greater uniformity in adjustments is doubtless secured by employing 
in so far as possible the same official or employee of the company 
for all adjustments. 

Seven hundred sixty-one companies reported providing in their 
by-laws for appeal to a special arbitration committee in the case of 
disagreement with the insured as to the indemnity due him. Sixty- 
eight companies reported that the insured had the privilege of an 
appeal to the board of directors in the case of such disagreement, 
and 76 other companies had various arrangements to cover cases of 
disputes with the insured in connection with the adjustment of losses. 
Twelve companies stated that no provision was made in their by- 
laws covering cases of disagreement, while 244 companies did not 
answer the question relating to this matter. 

SURPLUS AND REFUNDS. 

The replies of 764 of the 1,091 companies which gave information 
concerning the policy of the company with regard to a reserve or 
surplus stated that the company did not make any effort to keep on 
hand any surplus fund, and 57 companies simply reported a specific 
amount now on hand. Seventy-five companies made an effort to 
have on hand a surplus equal to a fixed percentage of the insurance 
in force, while 19 companies aimed to keep on hand a surplus based 
on the premium collected on policies then in force. The reports re- 
ceived from 176 companies indicated that they had “some” surplus 
on hand without either giving the amount of such surplus or stating 
the plan followed by the company with regard to the amount of such 
fund. The large majority of these companies, therefore, have no 
fixed plan with regard to reserve or surplus. The maintenance of a 
reasonable surplus appears to be favored to an increasing extent, 
however, by the leading representatives of farmers’ mutual insurance. 
A surplus amounting to $2,000 or $3,000 per million of insurance in 
force is generally considered to be sufficient for companies whose 
risks involve no conflagration hazard. 

Only 648 companies gave replies to the question covering the policy 
of the company in respect to the return of excess premium deposits 
and only 37 of this number reported actually making any such re- 
fund to the policyholder, thus again indicating that the majority 
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of these companies operate strictly on the assessment plan and collect 
from time to time from their members only such amounts as will 
suffice to pay losses and expenses. 

REINSURANCE. 

Eight hundred ninety-one of the 1,161 companies returning ques- 
tionnaires gave replies to the question covering reinsurance. Of 
these only 67 reported having a part of their risks reinsured, while 
824 companies stated specifically that none of their risks were re- 
insured. Suitable reinsurance facilities are among the great needs of 
many of these companies, a need that only recently has begun to be 
more generally recognized by them. In one State, namely, Iowa, a 
special reinsurance company has been organized by the farmers’ 
mutuals, and in Illinois the law was recently amended so as to permit 
these companies to place reinsurance with one another. Such privi- 
lege has for some time been granted by the laws of Wisconsin, Iowa, 
Missouri, Nebraska, Kansas, Kentucky, and Colorado. The Minne- 
sota law permits the companies to write joint or concurrent insurance- 
in conjunction with other farmers’ mutuals, on property located out- 
side of the prescribed business territory. Al] State laws on this sub- 
ject should permit the farmers’ mutuals to reinsure a part of their 
larger risks with one another, and should also permit these com- 
panies to write policies of joint or concurrent insurance outside of 
their special territory in order that they may be encouraged by one 
plan or another to avoid exposing themselves to ‘excessive losses. 

CONCLUSION. 

The preceding summary, while pointing out the prevailing plans 
and practices among farmers’ mutuals, also brings out clearly the 
variety in such plans and practices. In 16 of the States, associations 
of mutuals have been organized. These associations hold either an- 
nual or biennial conventions at which the officers of the member com- 
panies have an opportunity to compare methods and discuss plans 
for the improvement of their organizations. Such associations should 
be formed in all States where farmers’ mutuals exist. The National 
Association of Mutual Insurance Companies, which holds annual con- 
ventions, is in large measure composed of farmers’ companies. These 
intercompany associations are a powerful influence tending toward 
the improvement and standardization of the plans and practices of 
farmers’ mutuals as well as of other mutuals that avail themselves of 
membership in them. While rigid uniformity may not be desirable, 
a reasonable approach to uniformity in the plans and practices of the 
farmers’ mutual fire insurance companies, at least within a given 
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State, would be a material advantage. The general public would be 
more easily convinced of the soundness and real value of these com- 
panies as a class. The approval and support of the insurance depart- 
ment of the State would be more easily secured than is sometimes the 
case under present conditions. Financial institutions which lend 
money to farmers would more readily accept the policies of these 
companies as collateral, and lastly the companies themselves would 
find it easier to cooperate with one another in matters of reinsurance 
or joint insurance, as well as in meeting other problems that arise. 
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INTRODUCTION. 

The increasing value of black or yellow locust? for many pur- 
poses, and especially the recent demand for sound locust pins or tree- 
nails in the construction of wooden ships, render its protection from 
insect damage important. 

In addition to the natural growth of locust in forests, farmers’ 
woodlots, and abandoned fields, many attempts have been made to 
grow it on acommercial scale in plantations. These attempts in most 
cases have resulted in failure, owing to the serious damage to the 
wood and frequently the destruction of the trees caused by the locust 
borer. The fact, however, that in natural growth and occasional 
plantations practically no injuries from the borer are found, while 
in other cases the trees are ruined for commercial purposes or killed 
outright, has led the writer to make a thorough investigation of the 
problem to ascertain the cause of the occasional immunity from borer 
injury. 

As a result of these investigations, it appears practically certain 
that plantations cf this tree can be protected successfully from 

1 Robinia pseudacacia L. 2 Cyllene robiniae Forst. 

106358°—19 
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the borer and grown profitably on a commercial scale if the locusts 
are planted in thick stands or mixed with other trees so as to produce 
a densely shaded condition and natural pruning during the first 10 
to 15 years of growth. 

HISTORICAL. 

The great variation in the extent of injury by borers to both 
planted and natural stands of black locust has been noted by many 
writers. In fact, as early as 1821, Pickering (2)1 stated that trees 
of natural growth in groves were much less liable to injury than were 
transplanted trees. Schwarz (3) in 1890 observed that the insect 
lives in large colonies affecting all trees of small groves, while long 
hillsides full of locust are not infested. Cotton (5) observed that in 
Ohio injury was greater in single trees and plantations of consider- 
able size than in natural forests. Hopkins (6) remarked that “ Favor- 
able conditions for the destructive work of the borer appear to be 
found in the presence of isolated trees and groves in the open... . 
Unfavorable conditions are found in forest growth or large areas of 
pure stands, or mixed stands where the locust predominates; also, in 
plantations and groves where resistant varieties prevail, and where 
there is no goldenrod or other favorite food for the beetles.” Dear- 
born (1), Kellogg (4), and Garman (7) also call attention to this 
fact. 

: OBSERVATIONS BY THE WRITER. 

In examining locust plantations during the last few years, the 
writer was greatly impressed with the absolute destruction of some 
tracts, while others, or parts of the same tracts, were thrifty and un- 
marred by borers. This was convincing evidence that the trees 
could be grown so as not to be injured by the locust borer. Many 
tracts, therefore, both planted and natural, were studied with the 
idea of securing evidence that might be applicable in a practical 
way. As far as possible the accurate history of many locust stands, 
both pure and mixed, was obtained and factors that might be respon- 
sible for the presence or absence of injury were weighed. As a re- 
sult of such study, it was found that the amount of destruction was 
unquestionably greater in those tracts which had been pruned oc-. 
casionally, closely grazed, or in which fire had gone through from 
time to time, killing out the underbrush and destroying the natural 
shade produced by weeds or shrubbery. The denser the growth, par-. 
ticularly weeds and undergrowth about the stem of the tree, the 
less was the amount of borer work and vice versa. Pure stands in 
open fields, where the trees were growing from 2 to 3 feet apart, were 
seldom injured, while near-by isolated trees were riddled by the borer. 

1 Reference is made by number in parenthesis to ‘‘ Literature cited,” p. 12. 
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Possible reasons for such immunity in dense stands were discussed 
with Dr. A. D. Hopkins in several letters during May, 1910. Ina 
letter of May 11 Dr. Hopkins wrote: 

Perhaps with the unpruned trees there is more shade and, since the beetles 

are sun-loving and active during the day, the more open and light conditions 

found in the pruned groves may serve as the attractive influence. This is the 

only thing I can think of that would make the difference. Observations should 

be made during the period of flight to determine the relative number of beetles 

found on trees under shaded and sunny exposures. 

If this should lead to a solution of the problem and shaded conditions are 

favorable, then mixed planting with some quick growing tree like catalpa might 

be advisable. 

This seems a very plausible theory to account for the immunity of 
‘unpruned and natural growths, and it is substantiated in the experi- 
ments conducted. No other factors considered seem to cover the con- 

ditions in the many localities where trees were examined. 

INVESTIGATIONS AND EXPERIMENTS. 

Natural growths of locust in the vicinity of Falls Church, Va., and 

plantations along the Pennsylvania Railroad right of ways were se- 
lected and used as experimental plats. Some of these near Falls 
Church were pruned while others were left as they were found. The 
history of plantations along the Pennsylvania Railroad as to plant- 
ing and subsequent management has been furnished by the office 
of the forester of the railroad, which also provided facilities for the 
study of these plantations. 

NATURAL GROWTH IN THE YICINITY OF FALLS CHURCH, VA. 

1. On Miners Hill there is a stand of mixed growth of reproduction 
averaging 3 to 5 inches in diameter. The aspect is a westerly slope, 
the trees extending from the crest more than half way down the hill. 
Tt contains about an acre and is composed chiefly of oak, chestnut, 
tulip, persimmon, hickory, sassafras, maple, and locust. It is thickly 
undergrown with weeds and briers which now are dying out. The 
locust composed about 5 per cent of the stand. In the fall of 1915 
these locusts were from 2 to 3 inches in diameter and contained no 
borers. In January, 1916, one end of this plot, constituting about 
one-tenth of the area, was pruned; all trees, except the locust, were 
cut out. The following fall adult beetles were observed ovipositing 
on the trees thus isolated, and examination in the spring of 1917 
showed from 3 to 10 borers in each tree. Again in 1918 these trees 
were found to be heavily infested. In the remainder of the stand 
(that which is still growing naturally) about 1 tree in 10 can be 
found containing one or rarely two defects made by the borer. 

2. Just across a road from the tract described above is an old 
orchard which is used as a pasture. About two dozen locusts of the 
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same age are growing here. ‘These trees are gnarly, some broken off, 
and all heavily infested. In the spring of 1918, 10 to 85 larvee were 
found in each of these trees. The cattle have kept down the weeds 
and underbrush which would otherwise protect the trunks. 

3. In the same general locality, about one-half mile north of these 
tracts, lies an abandoned field covered with an almost pure stand of 
virgin scrub pine 12 to 14 years old. Mixed in this pine are quite 
a few locusts. During the winter of 1915-16 about an acre of this 
pine was cleared. The locusts, then averaging 4 inches in diameter, 
were left standing. None of the trees were infested, as were none of 
those in the midst of the remaining pine. All were straight, naturally 
well-pruned, thrifty trees. In the fall of 1916 these trees were at- 
tacked by the beetles, and many lJarvee were found in them in the 
spring of 1917. The land has not been cultivated, so that a dense 
growth of weeds conceals the trunks for 6 to 8 feet above the ground. 
Scarcely any adults were found on these trees in the fall of 1918, and ~ 
very few larvee are expected in the spring of 1919. 

In January, 1918, another part of this pine wood was cleared, 
leaving 15 trees exposed. In July the trees were examined and no 
borers found nor any evidence of injury in the past. During August 
and September, 1918, adults were observed ovipositing on these trees. 

4, Another abandoned field on an easterly slope contains a clump 
of about a hundred small locusts, 2 to 6 inches in diameter, grouped 
about several large trees. These are closely spaced, averaging 2 feet 
apart. They are well mixed with sumac, tulip, and sassafras. In 
the surrounding field are many isolated trees. All these isolated 
trees are scrubby and badly infested by repeated borer attack, while 
those in the dense clump are tall, thrifty, and contain no borers or 
defects from past injury. 

5, Another abandoned field one-half mile north of Green Gables 
station on the Washington and Virginia electric line contains several 
groups of locust from 6 to 18 years of age and many isolated trees. 
This field contains about 100 acres. Clumps of sassafras and pine 
mixed with locust and persimmon occupy much of the remaining 
area. Broom sedge and goldenrod cover the ground on all open 
spots. All isolated locusts are heavily infested and have been dam- 
aged severely by the borers. Many of these trees have fallen over - 
(Pl. I, fig. 1)... Three excellent stands of locust occur here; one 
group of an almost pure stand is composed of trees 25 to 30 feet high 
and 6 to 8 inches in diameter. They grew very close together and 
have now thinned out to an average of 10 feet apart. There are more 
than 500 trees in this plot; all are thrifty and no evidence of borers 
can be found. They represent what can be grown in 18 years’ time on 

iThe photographs were taken by Mr. R. A. St. George, scientific assistant, Forest In- 

sect Investigations, Bureau of Hntomology. 
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Fig. |.—NATURAL GROWTH OF LOCUST IN AN OLD ABANDONED FIELD OF SOME 
60 ACRES IN EXTENT AT FALLS CHURCH, VA. 

Trees badly infested by the locust borer. Several killed and others blown over. Note scattered 
position. Diameter near base, 2 to 6 inches. 

FIG. 2.—NATURAL GROWTH OF LOcUST IN AN OLD ABANDONED FIELD OF SOME 
60 ACRES IN EXTENT AT FALLS CHURCH, VA. 

Several old seed trees and surrounding root sprouts and seedlings. Note thick growth. None of 
these trees are infested. Diameter near base, 1 to 8 inches. 

PROTECTION FROM THE LOCUST BORER. 
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Fic. I1.—NATURAL GROWTH OF LOCUST IN AN OLD ABANDONED FIELD OF SOME 

60 ACRES IN EXTENT AT FALLS CHURCH, VA. 

An isolated clump of some 30 trees, 2 to 4inchesin diameter. These were growing close together and 
mixed with tall weeds and sassafras bushes. Illustration after clearing the trunks in July when 
not a single borer was present. In September these were heavily infested. 

FIG. 2.—ILLUSTRATION OF A FENCE Row AT FALLS CHURCH, VA., SHOWING 
THICK LOcUST GROWTH OF 2 TO 5 INCHES IN DIAMETER NEAR BASE. 

None of these trees contained borers in July, 1918, when the underbrush and small branches were 
cleared from the trees in the foreground. These trees were infested in September. 

PROTECTION FROM THE LOCUST BORER. 
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Fig. |.—A DENSE GROWTH OF ROOT SUCKERS FROM A FEW OLD TREES THAT 
WERE REMOVED, ON MINERS HILL NEAR FALLS CHURCH, VA. 

This illustrates the type of growth that will not be attacked. In the background to the right of the 
road one trees containing 5 to 20 borers each. It illustrates the pruned portion of example 1 
(see p. 3). 

Fic. 2.-LARGE MATURED LocuSTS AT VIENNA, VA., SHOWING WHAT CAN BE 
GROWN IN A LOCALITY WHERE THE BORERS ARE VERY ABUNDANT. 

These trees show no evidence of borer injury. 

PROTECTION FROM THE LOCUST BORER. 
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old waste land, the soil of which has been enriched by a thick bed of 
humus beneath the trees. 

Another group (PI. I, fig. 2) near by contains about 30 trees similar 
in respect to size and conditions. These have seeded the surrounding 
soil so that a large clump is formed of dense growth, the outermost 
being some 6 to 8 feet high. None of these trees have been injured 
by the borer. A third group (PL II, fig. 1), forming a small oval 

clump, contains 38 trees from 2 to 4 inches in diameter and 15 feet 
high. They were closely set, averaging 4 feet apart. A few sassa- 
fras were intermixed. In July, 1918, not one of these trees contained 
aborer. August 20, 1918, the plot was thinned, all branches trimmed 
to 8 or 10 feet, and all weeds and briers removed. ‘The trees were 
closely watched and many adults were observed ovipositing on them 

during September. Adults were likewise observed on the isolated 
trees near by, but none in the dense plats described above. 

6. A fence row opposite the eastern field station at Falls Church, 
Va., is densely matted with wild cherry, honeysuckle, and goldenrod 
along the sides. Through this grow a dozen locusts (PI. II, fig. 2) 
2 to 4 inches in diameter. None of these trees were infested on or 
previous to August 15, 1918, on which date all the surrounding 
growth was cleared from four trees. During September adults were 
observed ovipositing on these four. Many such fence rows exist 
wherever locust is grown and explain why so little trouble is experi- 
enced on the average farm. 

7. Along the south bank of the Potomac River between Difficult 
Run and Scotts Run many locusts are growing on the wooded slope. 
This stand is a hardwood mixture composed chiefly of oak, chest- 
nut, hickory, tulip tree, basswood, and butternut. AIl the locusts 
are tall, straight poles, reaching to the top of the stand, the trees 
averaging from 6 to 18 inches in diameter. All show a thrifty condi- 
tion of growth and no borer defects. A low meadow, sometimes cul- 
tivated but now pastured, lies between this river terrace and the 
water. A few occasional locusts grow here, nearly all of which are 
infested and badly deformed. No goldenrod occurs in the meadow, 
and the adult beetles were observed to feed on several species of 
Kupatorium. 

PLANTATIONS ALONG THE PENNSYLVANIA RAILROAD. 

From the office of the forester of the Pennsylvania Railroad rec- 
ords have been secured of 42 plantations, comprising nearly 2,000 
acres, on which over 1,000,000 trees were planted. These trees were 
about 2 years old when set out and usually were spaced 8 by 8 or 8 by 
10 feet. Many of these tracts were personally examined by the 
writer, accompanied by Mr. I. T. Worthley, assistant forester. The 
history of each plantation was ascertained as accurately as possible. 

1 Hxamination of this plot on Apr. 8, 1919, showed an average of 15 borers per tree. 
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Some of these tracts are in excellent condition, others almost totally 
destroyed. It is necessary to describe only a sufficient number of 
these to give all conditions of culture and past history. 

8. Along the line of the railroad, between Philadelphia and Har- 
risburg, Pa., near Kinzers, are two locust plantations, one on the 
south side planted in 1904, one on the north planted in 1905. To- 
gether they comprise about 25 acres, containing 44,000 trees. As far 
as can be ascertained,. nothing was done in these plots until 1909 and 
1910, when thorough prunings took place. The entire tracts were 
gone over and all the trees trimmed to a single straight stem. All 
natural growth of other trees or shrubs was thinned out. ‘The writer 
personally assisted in one of these thinnings in 1910 and at that time 
noted a few borers in the larger trees. Nothing more was done, but 
an examination in 1912 showed the borer very abundant and many 
trees breaking off. At present it is difficult to find a good tree. A 
few have not been injured sufficiently to cause them to break, but the 
great majority form a broken tangle. Many root sprouts and suckers 
are present. .These are now meeting the same fate. 

9. Near New Brunswick, at Stelton, N. J., are several more plan- 
tations in a long strip on the old roadbed comprising some 8 or 10 
acres of 13,000 trees. One of these les along the present roadbed 
near the station. These trees have been pruned from time to time 

by the section crews. At present they are badly infested (in the 
spring of 1918 averaging 10 living borers to a tree) but few broke off 
until the summer of 1918, when a severe wind destroyed about 5 
per cent. These trees average 2 to 5 inches in diameter. 

Farther west, some distance from the present roadbed, is a simi- 
lar stand planted at the same time. No care was taken of it and the 
trees grew up in thick weeds and other natural, shrubby growth. 
They are scarcely close enough to produce much natural pruning 
and, all have several large branches. An examination in 1917 and ~ 
1918 showed that only a very few trees were infested or ever had 
been infested. The average diameter is larger than that of those 
nearer the station. 

10. One mile east of Metuchen, N. J., are 10,000 trees planted in 

1909, divided into about equal stands, one on the south and one on 
the north side of the roadbed. The north plot was pruned at two 
different times, but the years could not be determined. In the spring 
of 1918 all these trees were badly infested and many were broken off. 
Many root sprouts and suckers have grown out. The trees on the 
south side never were pruned or thinned. In the spring of 1918 it 
was almost impossible to’ find a borer in the tract; however, a certain 
amount of old work was present, though not sufficient to mar the 
trees greatly. These trees were not planted close enough to cause 
natural pruning and consequently are considerably branched. Very 

{ 
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few root sprouts occur in this tract. They are now producing a more 
dense shade and natural pruning is taking place. At an earlier date, 
when the trees were less dense, borers attacked, but as the density 
increased they probably were repelled before the trees were seriously 
injured. 

The diameter of the stand on the south side averages several inches 
more than that of the standing trees on the north side. If these trees 

on the south side had been planted several feet closer, say 6 by 6 in- 
stead of 8 by 10 feet, it is the writer’s opinion that they would now 
have unbranched stems with practically no borer defects. 

11. On the low-grade freight line between Martic Forge and Co- 
lumbia, Pa., are five plantations set out in 1906 containing about 
150,000 trees. None of these have ever received any attention in the 
way of pruning. They present conditions varying from such as 
described at Kinzers (example 8) to almost perfect stands free from 

_ borer injury. In no single plantation are the trees all destroyed or 
all in good condition, but the extremes are found in different parts 
of each tract. Another factor has been responsible here. A definite 
correlation exists between those parts of the plantation that have been 
run over by fire and those parts which were by nature of their posi- 
tion less subject to fire. Where fire has burned over repeatedly, kill- 
mg the undergrowth, the worst destruction by borers is found. In 
many places the locusts themselves have been killed. One tract near 
Shenks Ferry attracted particular attention. It extends from the 
roadbed across a bottom and up over a hillside. Fire no doubt has 
gone through the part near the tracks repeatedly, as evidenced by the 
different ages of scars on the standing trees. Here there is little 
undergrowth; the locusts are scattered (many have been fire-killed), | 
and. all are severely infested. On the hillside and over the crest, fires, 
for some reason, have not gone through. The locusts have grown up 

in a dense stand mixed with much underbrush, and oak and chestnut 
sprouts from the original stumpage. ‘These trees are now in excel- 
lent condition; they are tall, straight, thrifty, not branched, and free 
from borer defects. In some parts the shade of the mixed stand has 
become so dense that all weeds, briers, and underbrush have been 
shaded out. 

12. Along the railroad between Harrisburg and Huntingdon, Pa., 
much locust has been planted, and many natural stands occur. The 
condition of the locust in this region is generally so much better and 
so much more thrifty that the first examination gave the impres- 
sion that it is an exceptionally favorable situation for the growth of 
the tree. It is no doubt true that certain localities are better adapted 
to the growth of black locust, but the essential factor in this location 
is considered to be more than purely a favorable situation. ‘The 
locusts are growing in a narrow belt of river terrace from a few 
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yards to a mile wide between the foot of the mountain and the 
Susquehanna and Juniata Rivers. There is much humidity, and all 
vegetation is vigorous. 

It is believed that the good condition of these locusts and the 
decided absence of injury by borers are due to the fact that the 
situation is conducive to a rapid growth of underbrush and plants 
characteristic of river shores which have afforded protection to the 
locusts. This is further emphasized by the fact that in other localities 
are found trees of equal size and good appearance, as described at 
Shenks Ferry (example 11), of. the same age. Also in the same 
locality we find trees deformed and aborted by borer injury, as de- 
scribed in the following paragraph. 

13. Along the Juniata River between Newport and Old Ferry, 
Pa., a continuous plantation of locust set out in 1904 extends for a 
distance of 2 miles. These trees, especially that part near Newport, 
show the best stand of all the plantations. After planting no atten- 
tion was given them until 1914, when they were thinned to afford a 
view of the_river from the trains. At this time most of the stems 

had reached a sufficient size to be immune from borer attack. The - 
trees nearest Newport now average 5 to 8 inches in diameter. They 
are straight, free from branches, and about as tall as the telegraph 
poles near by. The bark is ridged naturally, showing absence of 
borer injury in the past. Nothing definite as to how these trees 
grew in the period intervening between planting and first pruning 
could be ascertained, but from a study of many plots of all ages 
along the river it is certain that they were intermixed with a dense 
growth of other shrubs and weeds. Natural pruning and thinning 
have taken place to such an extent that few living branches are 
found below the crown, and many trees have been suppressed and 
killed. Farther back from the railroad, where no pruning at all 
was done, the dead, suppressed trees and shaded-out branches give 
a good idea as to how rapidly this process takes place in the tree. 

In this 2-mile strip of locusts the borers are serious in two places 
and have caused many trees to break off or have stunted the growth 
badly. In one of these places fire has gone through; the other was 
evidently pruned (as shown by scars) to afford a view of a pond just 
behind. These last trees were also isolated in the sense that the rows 
were only two trees deep. These trees average scarcely half the 
diameter of those in the better parts of the grove. 

CONDITION OF TREE NECESSARY FOR BORER ATTACK. 

All trees and all parts of the tree are not subject to attack by the 
borer to the same degree. 

Moderately rough bark seems to be an essential condition, since it 
provides the necessary crevices in which the adults deposit their eggs. 
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Likewise, until they become 14 to 2 inches in diameter at the base, 
trees are not subject to attack unless the bark is rough. On younger 
trees the borers are found concentrated at the base and near crotches. 

For some unknown reason trunks of trees reaching 5 to 6 inches in 
diameter and over (excepting old brood trees) rarely are found to 
contain borers. On such trees the larger branches frequently are 
infested, but such injury is seldom common enough to do much harm 
or even attract attention. It can be said, therefore, that protection 
from borer injury is necessary for only a comparatively short period 
during the tree’s growth. Under good growing conditions this time 
should not exceed 10 years. 

In every locust grove that has borers present, certain trees will be 
found on which they have concentrated. These are called brood 
trees. The thick, irregularly barked, gnarled appearance and stunted 
growth will distinguish such individuals. They are often continu- 
ously infested until they reach an old age, or 12 to 18 inches in 
diameter. 

HOW TO RECOGNIZE TREES CONTAINING NO BORER DEFECTS. 

The larval mine made by the locust borer destroys a certain amount 
of the growing tissue or cambium and makes a serious defect in the 
wood. This injury to the cambium accelerates growth to heal it over 
and produces a swollen or gnarly appearance. Many such defects 
give the entire stem a roughened, distorted shape. The bark is ir- 
regular and scaly. On the other hand, trees that have not been in- 
jured by the borer are characterized by very regular bark, which is 
grooved longitudinally between thick, dark ridges. With a little 
experience these features can be quickly recognized and until the 
tree reaches 10 to 12 inches in diameter it is possible to determine 
accurately whether the borer defect will be found in the wood. 

CHARACTER OF GROWTH OF UNINFESTED STANDS. 

Not only is the appearance of uninjured individual trees charac- 
teristic but pure stands of such trees have a different appearance 
from those that are damaged. The tops of isolated natural stands 
have a domelike outline, the innermost trees growing taller and 
straighter, while root sprouts continuously coming up around the 
borders form smaller and younger trees which give additional pro- 
tection to those within. These younger trees are at first too small 
for infestation, and when they have reached a susceptible size are 
protected in their turn. The crowns are uniformly shaped and no 
branches project to break the contours. Planted stands, where the 
trees are of the same age, are uniform in height, the tops forming a 
flat outline. No large branches are found on the trunks, but many 
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small, naturally pruned dead branches are seen and many trees are 
thinned out naturally as the others increase in size. Few root sprouts 
appear. Infested plantations are very irregular in outline; broken 
tops, trees of irregular size, and many root sprouts and suckers are 
characteristic indications of borer damage. 

CONDITIONS UNDER WHICH LOCUST CAN BE GROWN. 

' From the history of the foregoing tracts it is evident that black 
locust can be grown profitably under circumstances that require little 
care, or, in fact, better results are obtained without too much atten- 
tion. After comparing all the data available it seems that provision 
for sufficient shade during the period of growth subject to borer 
attack is all that is necessary in order that this tree may be grown 
successfully. 

This can be achieved by some system of close and mixed plant- 
ing. Experiments of such a character should be tried. In nature it 
is accomplished by close reproduction coming up around the seed 
tree, by root,sprouts from older trees, or often by the mixture of 
other plants growing with the locusts. Weeds and viies often form _ 
the needed shade, as illustrated by trees in old fence rows. It is very 
essential that this shade be present after the trees reach 14 to 2 
inches in diameter, and that it be continued until they attain 5 or 6 
inches. After this time thinning and pruning can be done ue 
little or no subsequent injury by the borers. 

Close planting or thick growth of these trees also is necessary to 
produce ‘straight, nieened boles. Trees in the open are always 
much branched and rather crooked, but those grown in forests are 
tall, straight, and naturally pruned while the branches are quite 
small. 

That difference in site or locality is not the influencing factor in 
the growing oi uninjured trees is evident from the fact that in every 
locality examined it was possible to find examples of borer-free and 
destroyed trees growing 100 yards apart. It is also evident that 
goldenrod is not necessarily associated with greater damage by the 
borer, for in the same abandoned field, massed with this plant, were 
found plots of trees absolutely free from injury and near-by isolated 
trees badly infested. Again, localities where no goldenrod is growing 
may have borer-infested trees, the adults feeding on other composites, 
as illustrated by example 7. 

The idea has been advanced that the borers are more abundant 
in some localities than in others and that this will account for the 

difference in infestation. This difference can not be sustained, as the 

beetles are present everywhere within the natural range of this tree. 

Side by side we find stands of badly infested trees and trees contain- 

ing no borers. It is rather to be believed that in localities where locust 
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“was planted the beetles present either remained in about the same 
numbers or increased enormously, according as the condition of the 
trees retarded or favored their increase. In no new locality where 
plantations were put out would there be enough beetles present to 
infest all the trees. They only attack all the trees as they become 
sufficiently numerous. 

: CONTROL. 

A METHOD OF HANDLING SEVERELY DAMAGED PLANTATIONS. 

Many locust plantations have been abandoned and all hope of ever 
realizing any commercial product given up because of the severe 
devastation produced by the borers. Such tracts look hopeless with 
the greater percentage of the trees broken off or killed, but it is 
believed that they can be reclaimed after several seasons’ care by 
virtue of the sprouting ability of this tree. 

Tt is recommended that all such plantations be gone over and the 
broken-down and infested trees removed and burned during the 
winter. Unless otherwise desired it would be necessary to cut out 
only the living infested trees, because no beetles will breed in the 
dead ones. Especial attention should be given to the seriously dam- 
aged or so-called brood trees. If the cutting out of the infested 
trees can be done early in November it is not necessary to destroy or 
burn the wood. The larve require living wood for their early 
development and will not mature in dead material. This not only 
will reduce the numbers of the insects, but before the sprouts become 
large enough to be attacked a sufficiently dense stand will have been 
developed to provide natural protection, as illustrated in Plate ITT, 
figure 1. 

TREATMENT OF SHADE TREES. 

The locust is widely planted for ornamental and shade purposes. 
Tt is very desirable for such planting, because of its ability to suc- 
ceed well in a variety of soils and situations and its rapid growth and 
good form of crown in the open. We often hear complaints of serious 
injury by the borer to locust shade trees; this is because such trees 
are usually grown in isolated situations most favorable for attack. 

It has been found that the young borers can be killed readily by 
the use of an arsenical spray, applied to the bark when the new 
growth begins to open at the tips of the twigs in the spring. It is 
necessary to apply this mixture so thoroughly as to cover all parts of 
the trunk and reach every spot where a larva is workings 

A thorough application will probably be necessary only every two 
years unless there are badly infested trees near by which are not 
treated and form centers of reinfestation. As a rule, spraying will 

1 The presence of a young borer can be determined by the oozing of sap and boring dust 

from a small hole through the bark. This hole is enlarged as the larva grows. 
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not be necessary after the trees reach 6 inches in diameter or such a 
size that they are immune from attack. Isolated trees, however, are 
sometimes exceptions to this and should be watched. 
Many spray solutions have been tried by the writer, but by far the 

most successful has been the combination of a soluble arsenate with 
an oil emulsion. This provides a penetrative poison which enters 
the exudation pores made by the larve through the bark and poisons 
the inner bark on which the young larve feed. Insoluble arsenates 
are not so effective, as the exudation pore is usually plugged with a 
wad of fine granular frass from which the arsenate in suspension 
filters out. Kerosene emulsion can be used to carry the arsenical, but 
it has been found that the miscible oils are just as satisfactory and 
require much less time in preparation. 

The formula and preparation are as follows: 

Dissolve + pound of sodium arsenite or arsenate in 5 gallons of water. Add 

1 quart of miscible oil and agitate thoroughly. 

With kerosene emulsion, dissolve 4 pound of the arsenical in 4 gallons of 

water and add 1 gallon of stock solution of keresene emulsion, agitating 

thoroughly. ~- 
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INTRODUCTION. 

In November, 1914, investigations were begun by the Department 
of Agriculture at Kansas City, Mo., in cooperation with several flour 
mills for the purpose of obtaining further information concerning 
the relative importance of moisture in the wheat kernel from the 
standpoint of millmg. The flour-producing capacity of the mills co- 
operating in this work ranged from 500 to 3,000 barrels per 24 hours. 
The investigations, while not of sufficient scope to establish any defi- 
nite conclusions, are of interest in so far as the results obtained dis- 
close conditions present in the particular cases examined. 

In obtaining the samples used in connection with these investiga- 
tions, great care was exercised that each would be as nearly as pos- 
sible representative of the particular lot or stream of stock sampled. 
Upon obtaining the samples they were immediately placed in air- 
tight containers and sealed up until the time of determining the mois- 
ture content, which determinations were made in every instance 
within a week after the samples were drawn. In the case of the 
wheat samples, their moisture content was determined by use of the 
Brown-Duvel moisture tester, and in the case of the other samples 

168196 °—19 
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(flour, feed, and other mill products), the method used was that of 

drying to constant weight a small portion of the sample in a water- 
bath oven, at the temperature of boiling water. 

MOISTURE REQUIREMENTS OF WHEAT FOR MILLING PURPOSES. 

At the beginning of the process of milling, the miller gives much 
consideration to the question of the moisture content of his raw ma- 
terial. He knows that in order to secure the highest yields of flour 
and to insure its greatest purity, the pericarp or outer coatings of the 
wheat kernel at the time of grinding must be of a certain toughness, 
and the endosperm, or inner part, of a certain mellowness. The de- 
gree to which these properties are possessed by the different parts 
of the kernel is influenced largely by the amount of moisture present. 

Wheat when received at the mill is seldom, if ever, in the best 
condition for milling, its moisture content being too high, too low, 
or not properly distributed throughout the kernel. To acquire the 
right moisture content for the outer and inner parts of the kernel, 
thereby insuring the best possible milling condition for different 
wheats, requires the application of various methods of tempering. — 
These methods may consist of a single, or successive, or of com- 
bined applications of water, heat, or steam, working through a period 
of time, ranging from a few minutes to as much as 36 hours, in order 
that the moisture may be properly distributed within the kernel. 

Dry climates and dry. seasons naturally produce wheat of low 
moisture content, and damp climates and wet seasons produce wheat 
of high moisture content. There is, moreover, often considerable 
range in the moisture content of wheat during any given season and 
in any one locality. Moisture determinations of samples obtained 
from more than 5,000 cars of wheat, which were made by this depart- 
ment at Kansas City, Mo., during the years 1910 to 1914, inclusive, 
showed a range in the content of that factor from 7.4 per cent to 22 
per cent. The fact that the moisture content of wheat may vary so 
greatly is evidence that the problem of properly tempering wheat is 
a complicated one. 

AMOUNT OF MOISTURE ADDED TO WHEAT DURING TEMPERING,. 

In Table I is shown the percentage of moisture contained in wheat 
before and after cleaning and tempering as found from moisture 
determinations made on a series of samples secured from five dif- 
ferent mills. The wheat of each mill was of similar class (hard red 

winter) and grade, and contained, at the beginning of the tempering 
process, approximately the same percentage of moisture. Different 
amounts of water, however, were added by each mill. The difference 
in moisture content of tempered and untempered wheat as shown in 
this table indicates the change in that factor which resulted from 
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cleaning and tempering, but does not represent the entire amount 
of moisture added. 

Taste I.— Moisture content of hard red winter wheat before and after cleaning and 
tempering, as found at five mills. 

Mill No. 1. Mill No. 2. Mill No. 3. Mill No. 4. | Mill No. 5.1 

Date sampled. ae ee | 

Before.| After. |Before. After. |Before.| After.|Before.| After. |Before.| After. 

} 
1915. Perct.| Perct.| Perct.| Per ct.| Perct.| Perct.| Perct.| Perct.| Per ct.|Per ct. 

INTENTS Soon oe ee ee 14.00 | 16.15 | 13.95 | 15.50 | 14.00 | 15.10 | 13.40 | 14.35 | 13.20 | 14.15 
JORG. Tse Se ee eee 14. 20 | 16.70 | 13.60 | 15.60 (?) (*) 12.70 | 13.85 | 12.75 | 14.40 
TREO. AAR Ee ep ee aa 13.20 | 16.40 | 13.65 | 15.30 | 14.15 | 14.50 | 14.35 | 15.50 | 13.05 | 14.65 
EPIC er yea ener ies erin hs mee | 13.50 | 16.40 | 13.95 | 16.25 | 13.75 | 15.00 | 13.35 | 14.10 | 13.20 | 14.45 
eG. Ce aoe ee Seed 14.15 | 16.70 | 13.80 | 15 14.65 | 15.75 | 13.10 | 14.95 | 12.85 | 14.10 
ID GGA (Ss ele () @ 13.75 | 15.95 | 14.50 | 15.60 | 13.85 | 14.20 | 13.60 | 14.00 
DDE. 7/2 Des nea eerste Sena 13.85 | 16.35 | 13.40 | 15.70 | 14.15 | 15.20 | 13.95 (@ 13.00 | 14.30 
DGGE es eee See (?) 16. 20 | 13.05 | 15.20 | 13.65 | 15.20 | 13.50 | 14.15 | 13.55 | 14.15 
1D. GOs) 2 else Sat nee ae eee 13.85 | 15.50 | 12.90 | 15.10 | 14.00 | 15.00 | 13.00 | 14.30 | 13.20 | 13.40 
ID oe Se Rs ee a 14.00 | 16.35 | 13.85 | 15.85 | 13.80 | 14.55 | 13.30 | 14.20] 13.15 | 13.55 
ocwiiemer et el 13.65 | 16.35 | 18.75 | 15.05 | 14.00 | 14.90 | 14.55 | 15.40 | 13.20 | 13.65 
IDG TS Bee Se ee eee 13.10 | 15.7 13.40 | 15.90 | 13.60 | 15.30 | 12.80 | 14.00 | 13.50 | 14.85 

PACT GLAD Gy ee 1 Fy s77hh Fe 13.75 | 16.26 | 13.59 | 15.60 | 14.02 | 15.10 | 13.49 | 14. 45 | 13.19 | 14.14 
2) er eee eee ee ee 

Average increase......... 2. 51. 2.01 1.08 0.96 0.95 

1 The wheat milled at mill No. 5 contairied about 10 per cent of durum wheat. 
2 No sample obtained. 

The lowest moisture content for tempered wheat recorded here is 
shown to be 13.4 per cent and the highest 16.7 per cent. The former 
appeared in the case of mill No. 5 and the latter in the case of mill 
No.1. The average moisture content for the five mills ranged from 
14.14 per cent for mill No. 5 to 16.26 for mill No. 1. 
The average increase in moisture content resulting from tempering 

for the period indicated is shown to have been 2.51 per cent for mill 
No. 1; 2.01 per cent. for mill No. 2; 1.08 per cent for mill No. 3; 
0.96 per cent for mill No. 4; and 0.95 per cent for mill No. 5. From 
these results it appears that a diversity of opinion existed among the 
millers of these mills as to the amount of moisture hard red winter 
wheat should contain in order to be properly tempered. 

MOISTURE CONTENT OF WHEAT AND VARIOUS STREAMS OF MILL 
STOCK. 

Table Il shows the moisture content of the different streams of mill 
stock and the yield of the various commercial products of three large 
mills. The arranging of the data in this table was difficult because 
of the dissimilarity of the processes used at the three mills. The 
system of separating and grading the stock for subsequent reduction 
at certain steps was not carried out to an equa! extent for all the 
mills; consequently, certain streams of stock found in one mill were 
not found in the others nor were streams of stock bearing the same 
name always of similar character. 
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TasLE II.— Moisture content of samples of different streams of mill stock secured from 
three large mills, and other data. 

Part 1.—E ffect of the process of preparation for milling wpon the moisture content of the wheat. 

Wheat | Mill No. 1, Mill No. 2, Mill No. 3, 
hard red winter.|hard red winter.| soft red winter. 

Per cent. Per cent. Per cent. 
Moisture content before cleaning and tempering........ 12. 40 13. 90 14. 04 
Moisture content after cleaning and tempering........- 16.00 13.80 14. 67 
Effect on moisture content of cleaning and tempering... 3. 60 gain. -10 loss. .63 gain. 

Part 2.—Moisture content of the various roll streams before and after grinding, and the loss or gain in that factor 
resulting therefrom. 

Mill No. 1. Mill No. 2. Mill No. 3. 

Moisture Moisture Moisture 
Stream. content. Effect of content. Effect of content. Effect of 

grinding grinding grinding 
on on on 

Before] After | moisture | Before] After | moisture | Before] After | moisture 
grind-| grind-| content. grind-| grind-| content. grind- grind-| content. 
ing ing ing. | ing ing ing 

IDG, |) 12a IP ah IP GAa| IES oie IPECt: IPS oi \\ IPAGE IPG, 
HinshLea keer seme 16.00 | 15.27 | 0.73 loss.| 13.80 | 13.90 | 0.10 gain.| 14.67 | 14.78 | 0.11 gain. | 
Second break............-. 15.46 | 15.23 | .23 loss.| 14.19 | 13.85 | .34 loss.} 15.15 | 14.90 | .25 loss. 
Second break chunk...... 15. 26 | 14.75 SUG OSSM| Ep ali ipa RR ae ec cy ae 2, sl aie | emer ee Lesh Se ieee 
Mhindybreaks eee eee ae 15.73 | 15.08 65 loss.| 14.02 | 13.35 67 loss.| 15.06 | 14.67 39 loss 
Third break chunk. ._.... 15.16 | 14.82 SAV TOSS SPS Se ts WATS SM fds CSE tS Ne ee SL ee 
Fourth break..._....-.... 15.44 | 14.82] .62 loss.| 14 42 } 13.83 59 loss.| 14.82 | 14.72 10 loss 
Fourth break chunk... ... T4960 lb 14: 531 PAS MOSS SIRE) stan EARLS E Sa DP A ee a) Ee eee as 
Hifi mbreakes2 ese ee 1S rule eeeeee & -o 13.73 | 18.88 | .15 gain.|] 14.37 | 44.26 11 loss 
Sixt oreakas= shee eee 4967 S14 1M tag OMMLOSS Ala L452 4) ae eee) ee SUS 2 coh 14.19 | 14.12 } .07 loss. 
iTst Sizings yo eee ae 13.83 | 13.48 | .35 loss.| 13.74 | 13.72 | .02 loss.| 13.24 | 12.65 | .59 loss. 
Second sizings.........-.. 13.91 | 18.55 | .36 loss.| 13.94 | 13.43 | .51 loss.| 14.06 | 13.56 .50 loss. 
Third sizings: 

Grad ey(@) sees eee LSNOD | else esa eae LOSSa mls a) lal 4a ee DOR OSSH| = eee eee |e ey ee a 
Gradei(0) sae sees eens: SHS 4 AS MOSul cra LOSS aimee Ate ap) eerie Meee all 5 etre laren Sis oes see 

Third break sizings.--.--.|--..--- eaetscers| loca bce 13.00 | 12.53 AT OSS |S 2 al Bacee ss eceee ance 
First middlings: 

Grade (a) 
Grade (0) 
Grade (c) 
Grade (d) 
Grade (é) 3 : ; : 4 Se 
Grade (f) : I 3 FS Septal |e eR SEH LEE) Sree) Epes Beal Ae ne ed Sala ee — 

Second middlings: 
Gradel(a) Sees aee ese 13.79 | 13.41 | .38 loss.} 13.69 | 13.32 | .37 loss.| 18.11 | 12.75 | .36 loss. 
Gradey(6) See seer ees 13.27 | 12.99 | .28 loss.| 13.30} 12.89 | .41 loss.) 12.82 | 12.28 | .54 loss. 
Gradei(@) Bee eee |e | aah cis A SD I/O R We eae em Ae 13.68 | 18.37 | .31 loss. 

Second middlings granu- 
[ERO EA seme oa Aa he TZAGS WI SLQEAT | 246 LOSSH eee Oho! s Sere eee Se os ae gee lls ee che erates 

Third middlings: 
Grade\(g) oye eas 12.93 | 11.73 | 1.20 loss.| 13.24 | 12.90 | .34 loss.| 13.14 | 12.80 | .34 loss. 
Gradey(b) Ree seeere arc Ieee Tl er I 7 As eT ORE ees Vostok || | yA 22 | Pete ele ery ot eee eis ln I ees ee 

Third middlings granu- 
ators ees eee oe ESHA GTO Wl ea Kiya fa acc: Coheed Forster  e  eleccoeacltocoocel I AE arte 

Fourth middlings: 4 
Gradei(a) eo eases 13.20 | 13.07 .13 loss.} 12.67 | 12.65 -02 loss.}| 12.45 | 12.19 . 26 loss. 
Grade\(b) yet eee es D2. Gi WL28Su ees 2OF LOSS Aes fe Leeper eal ee eae dee al ee eel ae oie 

Fifth middlings: 
Gradel(g) eee 12.63 | 12.04 | .59 loss.| 12.39 | 11.78 | .61 loss.| 12.24! 11.38] .86 loss. 
Grade) ss2sneeseeee. 132153) 9125701 hig 40) LOSS alee ac lon ors Seeforellen ke clerics 

Sixth middlings.......... UGS) ELS ee oor LOSS Himeeeee S| hee Geese a eeeee ees 11.89 | 11.08 | .81 loss. 
Seventh middlings.....__. TOAD AOS ON a ss al Gloss SMe ee al cece oe eee eee 12.56 | 11.80 | .76 loss. 
First tailings: 

Gradei(@) = 22 aeeeeeee 13.00 | 12.70 | .30 loss.|.12.81 | 12.51 | .30 loss.} 12.01 | 11.59 | .42 loss 
Gradei(b) ee Sane 13.32 | 13.17 .15 loss.| 13.36 | 12.83 -53 JOSS.}......- ESA Sebo saceese 

Second tailings: 
Gradel(@)sosteeeas eee 12.40 | 12.23 | .17 loss.) 12.89 | 12.18] .71 loss.| 12.37 | 11.73 | .64 loss. 
Graden(G) yaaa ee eee | ener rapeeree 2893 N12 04s eet OMlOSS eee | ae Oe esse rene 

Mhirditarlings®-s\s0 sees: 12.97 | 13.22 | .25 gain.| 12.55 | 12.06 | .49 loss.| 11.82 | 11.75 | .07 loss. 
First low grade..........-. 11.85 | 11.18} .67 loss.| 12.16 | 11.83] .33 loss.} 11.41 | 10.98 | .43 loss. 
Second low grade..-...-.- TUG Tbs eyes ey) Tee PNR We Ge LOSSES Sel iscooonmlscae conadas 
Third low grade.......... PDD Te ol 1 GO ill Se sil ZenLOSS Alek ees fe tele act rete a yaoi spercllP popeyots me eneeenayetstorers 

1 No sample obtained. 
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Taste II.— Moisture content of samples of different streams of mill stock secured from 
three large mills, and other data—Continued. 

~Part 2.—Continued. 

Average loss in moisture content of stock resulting from grinding 

Mill No. 1. Mill No. 2. Mill No. 3. 

Per cent. Per cent. Per cent. 
FANEEACE ION DLCAKS 2250 one scape secs sieeve asehennssss~ 2am 0. 482 0. 270 0.135 
AM ETACONOMECOMCE ONSia5-4- weer a ae oe - noone = +e -367 -308 - 452 
ANGE Oe Se ee ee oe a 392 - 340 -370 

PART 3.— Moisture content of the flour resulting from the different grinding operations. 

Mill Mill Mill Flour. No. 1. No. 2. No. 3. 

Per cent. | Per cent. | Per cent. 

PES SIMI P Ses ee netics ea ener es niee Jo a2. na sete CBee soa. 3252 
Seti G) SWATHES SS RS eee ee ee ae i ar 
Third sizings: 

(CHA G!D (Gi) ek SSP BEE es ae Be RAIS Bee eae ae. © 2, ape a alee > rome ee eet cal 
Graco) ase ase See a aces Sb 

Third break sizings 
First middlings: 

Grade (a)... 

GERLS ()\cescementenees 2 see 6= dep te Hae Seer pL Spee = eee ee eebee eres HERG cee 

SecouMmmadlinys, SranilalOrnl 2: .S Sess tenses nna: Smee = oaoe ese ee eee ee Bamepureos eee sara Meccnococe 
Third middlings: | 

GTA G) Gh) sees ec at teeta atic asec = - pane See ona Saee 12. 16 12.95 12. 59 
Grader) eer aye ee em eS te ey epee | Spee eta ai am | Se RE nf SO ee ee 

Third middlings, prauulvoe ig Ni Rs ae a A ea Sr te Pe oe ea ee A 
Fourth middlings | 

SUM Cio Tea Gl ee OR Pee ee Meee ee i mee SD oe ee ea oe See ager IITA aN as Be ew 712.15 
First tailings: 3 

ADIL ORD) See ee oe Sn Se sap ore ir. de Me esa Sena 
Grade (b)....- REE oe aes EERE oe. 5 rs SS aes ee ese 

Second tailings: | 
CnC (SE ee meee ear so SARS acd Se al ie ae pe tea ptt | 
CBEEGVE (AUN Ge ee Tee RI SS 2 Sak ee] oe nem Spe ee” ett | [ee reaper See 

pi ranelacalltipsme coke her i) ee UP OERER TI ORO: 2 2 OM os Se ee 
IBIS; LOU el: Se ee ee Sse ee ne eee a } 
Second low grade 
AWITEG! TO Cs | EE ee eae eee oo 

1 Includes flour from fourth break. 
2 Includes flour from third break. 
3 Includes fiour from shorts duster and tail of rebolter. 
4 Includes flour from bran duster. 
5 Includes flour from third tailings. 
6 Includes flour from bran duster. 
7 Includes flour from shorts duster. 
8 Includes flour from sizings duster. 
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TasiEe Il.— Moisture content of samples of different streams of mill stock secured from 
three large mills, and other data—Continued. 

Part 4.— Moisture content and relative milling yields of the different commercial products of each mill. 

Mill No. 1. Mill No. 2. Mill No. 3. 

Product. RR TMNT Res eee ANT 
Moisture] Milling | Moisture} Milling | Moisture| Milling 
content. | yield. | content.| yield. | content.| yield. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Pabentotl OUP sas seats eee aoe oe he eee 12.12 45.99 12. 97 51. 30 13. 32 31. 44 
(Gi Kersh 5a open Ie AO A UD eS Beas 12. 88 21. 23 13. 01 17.70 3 13. 22 41. 83 
Mow erage nouns - what yin peer eee 12. 30 3. 54 12. 39 390i seus eeeese beeen auee 
Vedi Oo eres eh hae wes alias es ae [ey a OS ol 11.70 TOO cseiacc acer | sseceeeeee 
WWI GOISNOLES see cee eee ae nee oe crete 110. 40 SaSOll Saeaee ees serene nas 111, 41 3. 00 
IBTOWNSHOLtS oe n eee eraine es ares 13. 28 11. 26 212, 28 10. 80 12.15 8. 23 
MES Tie he aN ae eV LIA LE MOR RS 21 14, 24 14,12 13. 95 15. 30 14.19 15. 50 

ROE AT Se AEN IU Pinte bled abel ead ed. Ml 1CONOOM Eon one SLOG 1008 eset 100. 00 

1 Includes red dog. 2 Includes white shorts. 3 Includes low grade flour. 

Part 5.— The calculated gain or loss in weight resulting from the addition or evaporation of moisture during 
the cleaning, tempering, and milling processes. 

> Mill No. 1. Mill No. 2. Mill No. 3. 

Product and effect of treatment. = 
Moisture | Relative1] Moisture | Relative! Moisture | Relative! 
content. | weight. | content. | weight. | content. | weight. 

Per cent. Per cent. Per cent. 
Uncleaned and untempered wheat......-- 12. 40 100. 00 13. 90 100. 00 14. 04 100. 00 
Cleaned and tempered wheat .......-...-- 16. 00 104. 29 13. 80 99. 88 14. 67 100. 74 
Mill prodwetsiqecs- oes see cece ceeeeercese 12. 65 100. 29 13. 02 98. 99 13. 26 99. 10: 

Effect of cleaning and tempering on Per cent. Per cent. Per cent. 
weilthtroli wheat ofc c.ceecue sccm ccsece se 4,29 gain 0. 12 loss 0.74 gain 

Effect of milling process on weight of 
WHERE Bo Natsadslecee tence eee ces neecas 3. 84 loss 0. 91 loss 1. 63 loss 

Combined effect of cleaning, tempering, 
and milling processes on weight of un- 
tempered wheatis-eee-- rene ssecee= eis 0. 29 gain 1.01 loss 0. 90 loss 

1 Base 100.00—untempered wheat. 

EFFECT OF TEMPERING UPON THE MOISTURE CONTENT OF WHEAT. - 

The difference between the moisture content of wheat before and 
after cleaning and tempering, shown in part 1 of Table II, was, in 
the case of mill No. 1, an increase of 3.60 per cent; mill No. 2, a de- 
crease of 0.10 per cent; and mill No. 3, an increase of 0.63 per cent. 
The lack of uniformity in tempering among these mills can be ac- 
counted for partly by the fact that the wheat milled at mill No. 1 
was of the dry crop of 1914, while that milled at mills Nos. 2 and 3 
was of the crop of 1915 and not nearly so dry, consequently requiring 
the addition of a less amount of moisture in tempering. 

It appears odd that in the case of one of the mills, namely, that of 
mill No. 2, aslight decrease should occur. However, in this particular 
case, the amount of water added was very slight, and, since under 
certain conditions the cleaning and scouring of wheat results in the 
evaporation of a portion of its moisture, it may have happened that 
the amount lost from this cause exceeded that added at the time of 

tempering. 
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DISTRIBUTION OF MOISTURE IN THE TEMPERED WHEAT KERNEL. 

An examination of the data of part 2 of Table II shows that as the 
process of milling progressed from the breaks to the sizings and 
middlings reductions, and then to the tailings and low grade reduc- 
tions, the moisture content of the streams of stock on the various 
rolls became less and less. Figure 1, which gives a graphic representa- 
tion of the relative amounts of moisture present at the successive 
steps in the milling process indicated in this part of the table, 
illustrates this fact more clearly. The curves shown in this figure 
represent, for each mill, the differences in the moisture content of 
the various streams of roll stock before grinding. 
An interesting point to note in this connection is that the moisture 

content of the second, third, and fourth break streams in the instance 
of mills Nos. 2 and 3 was higher than that of the wheat on the first 
break roll. In the part of the milling process known as the break 
reductions, there is a gradual reduction of the wheat kernel resulting 
in a more or less complete separation of the middlings or endosperm 
particles from the bran. This fact, considered in connection with the 
point mentioned above, leads to the conclusion that for the cases 
examined, very little of the water added in tempering penetrated 
farther than the outer coatings of the kernel. 
It is a well-known fact that fifth and sixth break streams are 

composed of a greater percentage of bran than the preceding breaks, 
and in accordance with the conclusion just stated, should contain a 
correspondingly higher percentage of moisture. The results shown 
here, however, are of a contradictory nature. The probable explana- 
tion of this apparent inconsistency is that the loss of moisture through 
evaporation at the time of grinding and bolting exceeded any increase 
in the moisture content of such streams caused by the elimination of 
drier particles. 

It is observed also that the roll streams containing the lesser 
amounts of moisture were those known as the low grades, which 
streams occur at the extreme end of the milling process. This low- 
grade stock is composed of very small bran and germ particles 
together with such endosperm particles as are unavoidably removed 
with them when the former are separated from the various streams of 
reduced middlings. The probable reason for their lesser moisture 
content is the fact that the parts of the kernel composing these 
streams are subjected to the grinding action of the rolls a greater 
number of times and, consequently, are exposed to the drying effect 
of the atmosphere much more than those composing the other streams. 

An interesting observation in connection with the data given in 
parts 1 and 2 of Table II is that, in spite of the relatively great differ- 
ence among the mills in the moisture content of the wheat at the 
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beginning of the milling process, a close similarity existed in the 
amounts of moisture contained in the respective sizings and middlings 
streams of the three mills. 

LOSS OF MOISTURE DURING GRINDING. 

The effect of the grinding on the moisture content of wheat and 
various kinds of roll stock is shown in part 2 of Table II as the differ- 

MOISTURE CONTENT~ PER CENT 

=. D oe = a 

WHEAT BEFORE TEMPERING 

WHEAT AFTER TEMPERING 

1S BREAK 

2"0 BREAK 

a 

& 2”° BREAK CHUNK 
ei Zi 30 BREAK 

ao 1 3" BREAK CHUNK 
= 4™ BREAK 

4™ BREAK CHUNK 
57 BREAK 

z = 5 

= 6™ BREAK 
Bf 

too le + 2" SIZINGS 
_ Sr 4 39 SIZINGS GRADE (A) 

3° SIZINGS GRADE (8) 

— 1. 3*° BREAK SIZINGS 

HON WII 

T = 157 MIDDLINGS GRADE (A) 

1ST MIDDLINGS GRADE (B) 

| ni 18™ MIDDLINGS GRADE (C) 

! IS? MIDDLINGS GRADE (D) 

15° MIDDLINGS- GRADE (E) 
“ET MIDDLINGS GRADE (F) 

~ — 2° MIDDLINGS GRADE (A) 
pa jain 2"° MIDDLINGS GRADE (8) 

=e cael 2"°MIDDLINGS GRADE (C) 

: 20 MIDDLINGS GRANULATOR 

=— I 

= iS Te 

El epee = r 2 3° MIDDLINGS GRADE (A) 

oo - 30 MIDDLINGS GRADE (8) 

3*0 MIDDLINGS GRANULATOR 
-s- , | 

2 | 4™*MIDDLINGS GRADE (A) 

i 
TIVIW 

w901S 

4™MIDDLINGS GRADE (8) 

5™ MIDDLINGS GRADE (A) 

54 M!DDLINGS GRADE (8) 

6™ MIDDLINGS 

+ 7™ MIDDLINGS 
— Fancacta We eh eae 

a 

= ——— 17 TAILINGS GRADE (A) 

= 1" TAILINGS GRADE (8) 

-———j 2" TAILINGS GRADE(A) 
= —| _} ano tanines GRADE (6) 

+ 3R° TAILINGS 

17 LOW GRADE 
1 | = 2"0 LOW GRADE 

1 3° LOW GRADE 

Fic. 1.—Diagram showing differences in the moisture content of streams 

of mill stock going to the various rolls. 

ence between the moisture content of the streams before and after 
grinding. The average decrease for all grinding operations was 
0.392 per cent for mill No.1; 0.340 per cent for mill No. 2; and 0.370 
per cent for mill No. 3. The average decrease, however, among the 
three mills, for that portion of the grinding operations known as the 
breaks, varied considerably, being 0.482 per cent for mill No. 1; 
0.270 per cent for mill No. 2; and 0.135 per cent for mill No. 3. 
This wide range between mill No. 1 and the other mills was possibly 
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due to the higher moisture content of the break streams of mill No. 1. 
On the other hand, the average decrease for the reductions, or those 
grinding operations of sizings, middlings, tailings, and low grade stock 
was 0.367 per cent for mill No. 1; 0.358 per cent for mill No. 2; and 
0.452 per cent for mill No. 3; or, in other words, was least for mill 
No. 1 and greatest for mill No. 3. These differences among the mills 
in the average decrease of moisture content resulting from grinding 

MOISTURE CONTENT— PER CENT 
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6™*MIDDLINGS 
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{*7 TAILINGS GRADE (A) 

et 1™ TAILINGS GRADE (8) 
3 = ee eee 2" TAILINGS GRADE (A) 

A Cae ea ees 289TAILINGS GRADE (B) 

CE es a a Py ee SCOSATUNIES 

= 1" LOW GRADE 

389 LOW GRADE 

Fic, 2—Diagram showing differences in the moisture content of flour 

resulting from the various grinding operations. 

was probably due in part to variations in methods of millmg and in 
atmospheric conditions at the time of grinding. 

Four instances are shown in which the percentage of moisture con- 
tained in the roll stream after grinding was greater than before. Itis 
possible that in these instances the samples from which the determi- 
nations were made were not representative of the streams sampled, 
and, therefore, the results obtained do not represent actual conditions. 
The fact that three of the four instances appeared in connection with 
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break streams adds weight to this conclusion, especially since it is 
true that the streams coming from the break rolls are composed of 
particles differing greatly in size and character, thereby making it 
difficult to secure a representative sample, or to divide it, for the 
purpose of moisture determination, into smaller portions composed 
of the different sizes and character of particles in their proper pro- 
portion. 

MOISTURE CONTENT OF DIFFERENT FLOUR STREAMS. 

Part 3 of Table Il shows the percentage of moisture contained in 
the flour produced by the different grinding, or reduction, operations 
indicated in part 2. 

In practically all mills it is the practice to combine streams of 
small quantity and similar quality coming from different grinding 
operations before a separation of the flour product is made. The 
moisture percentages in some of the instances given here represent 
the moisture content of the flour product of combined streams, a fact 
which accounts for some of the apparent omissions and inconsisten- 
cies in the table. 

Probably the most interesting thing to note from the data given in 
part 3, as in the case of the data of part 2, is the reduction of the 
moisture content of the flour streams as the milling proceeded from 
first break to the end of the process, the break streams being 
highest and the low grade streams lowest. This point is illustrated 
more clearly by the curves shown in figure 2. 

The flour streams resulting from the break stock of mills Nos. 1 
and 3 showed a considerably higher moisture content than did those 
from the sizings, middlings, tailings, or low grade stock. The mois- 
ture content of the break flour of mill No. 2, on the other hand, did 
not appreciably differ from that of the sizings and middlings flour. 
This may have been due to the little difference in moisture content 
among the break, sizings, and middlings roll streams. 

Examination of parts 2 and 3 of Table IT shows, except with respect 
to the break flour product of mills Nos. 1 and 3, a close correspondence 
between the moisture content of the flour product and that of the roll 
stream from which it was derived. The moisture content of the 
different break flour streams of mills Nos. 1 and 3, although higher 
than that of their middlings and sizings flour was, in some instances, 
as much as 2 per cent lower than that of the break roll streams from 
which they were produced. 

MOISTURE CONTENT AND YIELD OF MILL PRODUCTS. 

Part 4 of Table 2 shows the percentage of moisture contained in the 
different commercial products of each mill together with the percent- 
age of yield of each. The milling yields given here are based upon 
the actual weights of the products milled during a test run made 
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at the time. the samples were obtained. The duration of the test 
run was 12 hours for mills Nos. 1 and 2, and 2 hours for mill No. 3. 
The wide range among the mills shown here in the yields of the differ- 
ent flours has little general significance, because each of these mills, 
within certain limits, varied the quality of its flour product to meet 
the requirements of its trade. 

It is interesting to note that the moisture content of the patent 
flour of each mill was lower than that of the untempered wheat. 
This is even true in the case of mill No. 1, where the increase in 
moisture content during tempering was as great as 3.60 per cent. 

This fact further substantiates the conclusion already expressed that 
very little of the water added to the wheat during tempering pene- 
trated deeper than the pericarp, or branny portion of the kernel. 

The moisture content of the clear flour of mills Nos. 1 and 2 is 
shown to be slightly higher than that of the patent flour. FormiullNo.3 
the clear and low grade flours were combined; consequently, the moist- 
ure content given is not representative of each separately, but is, no 
doubt, too low for the former and too high for the latter. 

Another interesting observation is that the low grade flour, red 
dog, and white shorts had a lower moisture content than the brown 
shorts or bran. This further indicates that little of the moisture 
added during tempering penetrated beyond the pericarp. 

GAINS AND LOSSES IN WEIGHT EFFECTED BY CHANGE IN MOISTURE CONTENT INCIDENT 
TO TEMPERING AND MILLING. 

In part 5 of Table IT are shown the percentages of weight gained or 
lost by the addition or evaporation of moisture incident to the 
tempering and milling processes. The calculation of the relative 
amounts gained or lost is based on differences in moisture content 
of the untempered wheat, the tempered wheat, and the mill products. 
The average moisture content given here of the mill products is cal- 
culated from the moisture content and milling yield of the products 
referred to in part 4. 

The change in weight resulting from the change in moisture content 
of the wheat during cleaning and tempering shows for mill No. 1 a 
gain of 4.29 per cent, for mill No. 2 a loss of 0.12 per cent, and for 
mill No. 3 a gain of 0.74 per cent. 

The loss in weight of the cleaned and tempered wheat through 
evaporation of moisture during the process of milling, is shown to 
have been 3.84 per cent for mill No. 1, 0.91 per cent for mill No. 2, 
and 1.63 per cent for mill No.3. These losses show a correspondence 
to the gains resulting from tempering in that the mill showing the 
greatest gain during tempering had the greatest loss during milling, 
and the mill showing the least gain during tempering had the least 
loss during milling. 
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The net change in weight due to change in moisture content from 
the beginning of the tempering process to the end of the milling 
process was, for mill No. 1, a gain of 0.29 per cent; for mill No. 2, a 
loss of 1.01 per cent; and for mill No. 3, a loss of 0.90 per cent. From 
a comparison of all the results given in part 5, it may be concluded 
that the amount of water added in tempering compensated for the 
evaporation of moisture during milling only in the case of mill No. 1. 

Whether or not the calculated gains and losses given here for each 
of the three mills agree with the gams and losses ascertained from | 
an actual weighing of the wheat and the products milled therefrom 
is not known except in the instance of mill No. 1. Calculations 
made from the daily and weekly reports of this mill giving the scale 
readings of the wheat before cleaning and tempering, after tempering, 
and of the products from the packers showed approximately the 
same results as those given in the table. 

In the actual milling of wheat on a commercial scale, the correct 
percentage of gain or loss resulting from the addition or evaporation 
of moisture during the tempering and milling processes, whether 
based on differences in moisture content or in weight, can not be 
obtained exactly, for the reason that the moisture content is affected 
by certain variable conditions, and calculations which would be 
based upon any samples obtained would be incorrect to the extent 
of their variation from the true average condition. Both the mois- 
ture content of the untempered wheat, and the amount of water 
added during tempering are also likely to vary from time to time, 
resulting in a proportionate variation in the moisture content of the 
tempered wheat. Furthermore, any change in the adjustment of 
the rolls and other machines or in atmospheric conditions may 
cause a slight variation in the evaporation of moisture and the 
milling yield of the different products. All such variations neces- 
sarily affect the accuracy of the results. 

SUMMARY OF RESULTS. 

(1) The decrease in the moisture content of the various roll streams 

from the head to the tail of the milling process was closely related to 

the amount of water added to the wheat during tempering. 
(2) It appeared that very little of the moisture added to the 

wheat during tempering penetrated farther than the pericarp or 

outer coatings of the kernel. 5 

(3) The moisture content of the better grades of flour milled, irre- 

spective of the amount of water added during tempering, closely 

corresponded to the percentage of moisture contained in the un- 

tempered wheat. 
(4) The amount of water added in tempering compensated for the 

evaporation of moisture during milling only in the case of one of 

three mills examined. 
WASHINGTON : GOVERNMENT PRINTING OFFICE : 1919 
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INTRODUCTION. 

The formula derived by Janssen for the determination of the 
vertical and lateral pressures of grain in bins is one commonly used 
by grain elevator engineers. Most engineers, in their calculations, 
have also made use of a table of values similar to the one here given, 
by means of which the unit pressures are more quickly and easily 
determined (see Table 1). In this bulletin are given rules for the 

more advantageous application of this table, together with addi- 
tional tables and graphical charts which should further facilitate the 
designing of grain bins. 

JANSSEN’S FORMULA.' 

In Janssen’s formula the following nomenclature is used: 
A =area of bin in square feet. 
P=perimeter of bin in feet. 

R=hydraulic radius of bin-4 : 

Note.—This bulletin is of interest to engineers, particularly those having occasion to design grain storage 

bins. 

1 For the derivation of Janssen’s formula together with descriptions and results of different experiments 

to determine values for the coefficient of friction of grain on bin walls and the ratio of the lateral to the 

vertical pressure at any point, see Ketchum, Milo S., The design of walls, bins, and grain elevators, 2d ed., 
New York, 1911. 

108882°—19 
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D=diameter of bin or diameter of inseribed circle in feet. 
H=height in feet of grain above point in question. 
uw’ =coefficient of friction of grain on bin walls. ~ 
W=weight of grain in pounds per cubic foot. 
V =vertical pressure of grain at depth H in pounds per square foot. 
L=\ateral pressure of grain at depth H in pounds per square foot. 

k -{- ratio of lateral to vertical pressure. 

e=base of Naperian logarithms. 

Norr.—Both V and Z are assumed to be constant at all points on 
a horizontal plane. 

Rx W, 1 

For round and for square bins or other bins of the form of a regular 

polygon, the hydraulic radius . is equal to Z and the formula becomes 

Dx W 1 
"=axaxe( 1 pea) 

é D 

L=kV 

VALUES OF ,»’ AND k. 

Numerous experiments have been made with various grains in bins 
constructed of different materials to determine values for the factors 
pw’ andk. The results of several of these experiments are given in 
the appendix. 

PRESSURE FACTORS FOR WHEAT IN ROUND OR OTHER REGULAR 
CONCRETE BINS. 

By taking uw’ equal to 0.4167, an average value for wheat on con- 
crete, and k equal to 0.6, an accepted value for wheat in concrete 
bins, the product 4xk x’ becomes equal to 1.0, and with W equal 
to 50 pounds, the formula simplifies to 

V= 50x D( 1— 1——; 

=e (ie 

ED 
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Values for the pressure factors a and 2 may be tabulated for dif- 

ferent values of a (See Table 1.) 

TABLE 1.—Pressure factors for wheat in round or other regular concrete bins. 

(Pounds per square foot in diameter.) 

H 4 L fal Vv L 

D D D D D D 

0.1 | 4.76 2.86 2.3 44.97 26.98 
+2 9.06 5. 44 2.4 45.46 27.28 
3 12.96 7.77 2-5 45.89 27.53 
4 16.48 9.88 2.6 46.29 27.77 
-9 19. 67 11.80 2.7 46. 64 27.98 
8 22.56 3.53 2.8 46.96 28.18 
oll 25.17 15.10 2.9 47.25 28.34 
-& 27.53 16. 52 3.0 47.51 28.50 
9 29. 67 17.80 3.1 47.75 28. 64 

1.0 31.61 | | 18.96 3.2 47.96 28.77 
isi 33.36 20.01 3.3 48.16 28.89 
i152) 34.94 20.96 3.4 48.33 28.99 
1.3 36.3 21.82 320 48. 49 29.09 
1.4 37.67 22.60 3.6 48.63 29.18 
1.5 38.84 23.30 3.7 48.76 29.25 
1.6 39.90 23.94 3.8 48.88 29.33 
ise 40.87 24.52 3.9 48.99 29.39 
1.8 41.74 25.04 4.0 49.08 29.45 
1.9 42.52 25.51 5.0 49. 66 29.79 
2.0 43.23 25.94 6.0 49.88 29.92 
2.1 43.88 26.32 7.0 49.95 29.97 
2.2 44.46 26. 67 10.0 49.99 29.99 

For use of this table see example 1, page 10. 

EXPLANATION OF PLATE I. 

The values given by Table 1 are plotted on Plate I, curve 1, showing 
the variation of vertical pressures, and curve 3, the variation of lateral 
pressures. Similar curves, 2 and 4, are plotted to show the variation 
of pressures when & is assumed equal to 0.3. It is to be noted that 

values for z when k=0:3, are to be taken from the upper line of 

figures, curve 2 being drawn to a horizontal scale of one-half the scale 

of curve 1. Curve 4, however, showing the variation of values for . 

when k=0.3 is drawn to the same scale as curves 3 and 1, and the 
values are to be read from the lower line of figures. 

It is evident from the curves that: 
A. After a height is reached of 3 to 4 times the diameter there is 

but little increase in the unit pressures, the additional weight going 
directly into the walls as a vertical load. 

B. There is considerable difference in the values obtained for the 
vertical pressures for different assumed values of k; the lateral pres- 
sures, however, are affected very little. 



PLATE I. Bul. 789, U. S. Dept. of Agriculture. 

HH] 
Pesala 

ns 
ie 

[SRS yee 
ES eae a 
| 
| 

ve 

LE 
Be say enn er 

NN a Ze 

Las 
Ce 
EL 
Vales 
Sa 

D5 IN POUNDS PER SQUARE FOOT 

Wao Jars Larkin Aageat 10,13)8, 



GRAIN PRESSURES IN STORAGE BINS. 5 

(a) In very shallow bins there is little difference in the vertical 
pressures obtained for different values of k, while as the bms become 

deeper 5 for k=0.3 rapidly approaches a value twice as great as for 

E— 6. 
(6) In snallow bins the value obtained for the lateral pressures for 

k=0.3 are about one-third less than for k =0.6, but as the bins become 

deeper ss for k=0.3 rapidly approaches the same value as for k =0.6. 

(c) As most grain bins are deep bins, the best general value for 

kis 0.6. This gives the maximum value for the lateral pressure and 
also gives the maximum value for the vertical load carried by the 

_ bin walls. It is very essential that the determination of the bearing 
area of the walls and in some cases the design of the foundation, be 
based on maximum values for the vertical wall loads. 

Possibly it would seem best in designing the bin bottom to use the 
maximum values for the vertical pressure obtained when & is taken 
equal to 0.3. Most designers, however, work on the assumption that 
0.6 is more nearly the correct value for & than 0.3 ‘and use the lesser 
values for the vertical pressures. 

DETERMINATION OF UNIT PRESSURES IN RECTANGULAR OR OTHER 
IRREGULAR BINS. 

Accepting Janssen’s formula as a general one applying to all jorms 
of bins, we can conclude that the unit pressures in any bin are equal 
to those in any other bin of the same hydraulic radius. Forround or 
other regular bins 4x R=D where R=hydraulic radius. Then the 
hydraulic radius of any bin multiplied by 4 will give a value equal to 
the diameter of the equivalent round bin and the pressure factors may 
be obtained from Table 1. 

DETERMINATION OF UNIT PRESSURE FOR VARIOUS GRAINS IN BINS 
* OF DIFFERENT MATERIALS. 

Tables 1 and 2 were developed on the assumption that for wheat in 
concrete bins k equals 0.6 and p’ equals 0.4167. The product 
4XkxX yp’ thus becomes equal to 1 and Wwas taken equal to 50 pounds. 

These tables may be readily used to figure the unit pressures and 
reinforcing in any bin for any assumed value of k and yp’, by computing 
a compensated value for D which may be designated by D’. 

Original formula for regular bins: 

DxW 1 

ie AXkX p’ oe ap) 
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If 4xkxyp’=N, not equal to 1, 

=xW 4 N Z 
Let uy =D’, then the formula becomes, 

N 

For values of W other than 50 pounds V and Z may be determined 
by direct proportion. (See Example 4, page 14.) 

HORIZONTAL REINFORCING FOR CYLINDRICAL CONCRETE BINS. 

In a cylindrical tank the total pressure on any diameter for 1 foot 
in height is equal to the lateral pressure per square foot at that level 
times the diameter in feet, or L XD. This pressure, tending to burst 
the tank, produces tension in the walls, and, since two cross sections 

of the wall are cut by each diameter, the total tensile stress on each 

= . As. 

suming that all of the tensile stress is taken by the steel reinforcing, 
and indicating the allowable unit stress in the steel by f,, the cross- 
sectional area of steel required in square inches per foot in height at 
that level is given by the formula: 

cross section of the wall for 1 foot in height is equal to 

Ee 
a2 

This formula may be written, : 
a 1 
Di~D* xf, 

Since the pressure factor - is determined by a we can tabulate 

values for the steel factors ai or different values of (See Table 2.) 
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TaBLE 2.—Steel factors for horizontal reinforcing in cylindrical concrete tanks. 

[Areas of steel per foot in height per diameter squared.] 

a a 

H D H D2 
D D 

i 

fs=16000 | f,=18000 | f-=20000 f,=16000 | fs=18000 | fs=20000 

0.1 | 0.000089 | 0.000079 | 0.000072 2.3 | 0.000843 | 0.000749 | 0.000675 
2 170 151 136 2.4 853 758 682 
13! | 243 216 194 2.5 860 765 688 
A 309 274 247 2.6 868 771 694 
5 369 328 295 Dasih 874 777 700 
6 423 376 338 2.8 881 783 705 
af 472 419 378 2.9 886 787 709 
.8 516 459 413 3.0 | .000891 | .000792 | .000713 
9 556 494 445 at 895 795 716 

1.0} .000593 | .000527} .000474 2 899 799 719 
tt 625 556 500 3.3 903 802 722 
1.2 655 582 524 3.4 906 805 725 
1.3 682 606 546 3.5 909 808 727 
1.4 706 628 565 3.6 912 810 729 
155 728 647 583 3.7 914 813 731 
1.6 748 665 599 3.8 917 815 733 
7 760 675 608 3.9 816 735 
1.8 783 695 626 4.0 | .000920} .000818 | .000736 
1.9 7 708 638 5.0 931 827 5 
2.0} .000811 | .000720-} .000649 6.0 935 831 748 
2.1 823 731 658 7.0 936 832 749 
2.2 833 741 667 | 10.0 | .000937 | .000833 | .000750 

| 

[For use of this table, see Example 2, page 11. 

HORIZONTAL REINFORCING FOR STRAIGHT WALLS OF CONCRETE 

BINS. 

In all bins other than cylindrical tanks the walls are designed as 
slabs supporting at any given level a uniform load equal to the 
lateral grain pressure at that point. 

Tables 3a, 3b, and 3c, for different allowable stresses in steel and 
concrete, give the maximum, resisting moments and the steel areas 
required for different effective thicknesses of walls. Also, for dif- 
ferent conditions of continuity, constants are listed for determining 
the heights at which the size or spacing of the bars may be changed. 

In the following, the standard nomenclature for reinforced con- 
crete is used also: Let— 

[,=l\ateral pressure of the grain in pounds per square foot. 
l=span of wall in feet. 
t=thickness of wall in inches. 
¢= thickness of concrete outside of steel in inches. 
d=t—e=effective depth to steel in inches. 
a=area of steel per foot in height in square inches. 
M=bending moment or resisting moment in inch pounds. 
m = coefficient of continuity for figuring bending moment. 

2 

=8 for simple spans eee Se 
2 

=10 for end spans—partial continuity I ee 

= 12 for intermediate spans—full continuity J/= 2 
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For any effective depth to steel the maximum resisting moment, 
which is developed when the steel and concrete are simultaneously 
stressed to the assumed allowable values for f, and f., is given by 
the equation: 

M =f.jpbd? 
For selected values of f,, f., and n and for b=12, the product 

f.jpb is a constant and 
M=C# 

The area of steel required is given. by the equation 

a=pbd ; 

The area of steel may also be figured from the equation 

M 
OS wae, 

LX? X12 
om XfeXi Xd 

For selected values of f;, f., and m and for different values of m 
and d the product m Xf, Xj Xd is a constant which may be designated 

12 

by &. Then 
qa Ext 

oy OR 

axk 
L= EP 

The thickness of the wall is determined by the bending moment at 
the bottom, and, as this thickness is maintained for the full height, 
it will be greater in the upper portion of the wall than required to 
develop the assumed stresses. The stress in the concrete will de- 
crease from bottom to top and, as the thickness of the wall is usually 
selected in even inches, the stress at the bottom will generally be less 
than the assumed allowable value. In some cases, however, a wall 
thickness may be chosen slightly less than actually required for the 
moment at the bottom, in which case the stress in the concrete at that 
level will exceed the assumed value. 

With each change from the bottom to the top in the spacing or. 
size of the reinforcing bars, there is a decrease in the value for the 
percentage of steel, and, assuming n to be constant, a corresponding 
increase in the value for 7. Therefore, the results obtained by use 

of the formula L =" <a, forwhich # has been computed fora constant 

value of j, are not absolutely correct. In any case, however, the 
error is small and, moreover, is on the safe side, because, if the 
increased value for 7 was used, slightly larger values for L, the allow- 
able pressure for a given steel area, would be obtained. 
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thicknesses of straight bin walls per foot in height. 

fs=16000 fc=650 p=0.0077 k=0.378 

Thick- | Concrete Maximum 
ness of | outside | Depth to| resisting 
wallin | ofsteel | steelin | moment 
inches. |in inches.| inches. in inch 

pounds. 
t e d M=1292d 2 

4 1 3 11609 
5 1 4 20700 
6 14 43 29200 
6 1 5 32300 
7 1} 5g 42700 
7 1 6 46500 
8 13 64 54600 
8 14 6} 58900 
9 14 74 72700 
9 14 73 77600 

TABLE 38.— Marimum resisting moments developed and steel areas required for different 

n=15 

j=0.874 C=b fs p j=1292 sp b=0.0924 

Required | Vatues for R= ja 1165 md 
steel area 12 
in square 
inches. | 

a=0.0924d m=s8 m=10 m=12 

0.277 28000 35000 42000 
-370 37300 46600 56000 
- 439 44300 55300 66400 
- 462 46600 58300 70000 
-531 53700 67000 80400 
- 554 56000 70000 83900 
. 600 60600 75700 90900 
- 624 62900 78600 94400 
- 693 70000 87400 104900 
- 716 72200 90300 108400 

thicknesses of straight bin walls per foot in height. 

fs=18000 fc=700 p=0.007 2 

Thick- 
ness of- 
wall in 
inches. 

t 

WODMOINAIMDO 

Concrete 
outside 
of steel 

in inches. 

é 

Depth to 
steel in 
inches. 

d 

re) 

ra) 

SIMI DD OVO OD ROH RRA 

n=15 

k=0.368  j=0.877 C=d fs p j=1364 p b=0.0864 

Maximum | Required _mMijfad__.,, 
resisting | steel area ELIS edt 12 Se 
Moment | insquare | ~ 
in inch inches, 
pounds. | 

M=1364d2 | a=0.0864d M=8 m—10 m=12 

12300 0.259 31600 39400 47300 
21800 - 346 42100 52600 63109 
30800 -410 50000 62500 75000 
34100 - 432 52600 65800 78900 
45100 -497 60500 75600 90700 
49100 -518 63100 78900 94700 
57600 - 561 68400 85400 102600 
62140 - 583 71000 88800 106500 
76700 - 648 78900 98600 118400 
81920 - 670 81500 101900 122300 

TABLE 3c.— Maximum resisting moments developed and steel areas required for different 
thicknesses of straight bin walls per foot in height. 

n=15 

f-=20000 fc=700 p=0.0060 k=0.344 j=0.885 C=b fs p j=1274 pb=0.072 

| 
Thick- | Concrete Maximum | Required _ mj fed e 
ness of | outside | Depth to} resisting | steel area VELEGS Or IQ TET 
wallin | ofsteel | steelin | moment | in square 
inches. |in inches.| inches. in inch inches. 
E pounds. m=8 m=10 m=12 

t i e d M=1274d2 | a=0.072d 

4 1 3 11500 0.216 35400 44300 53100 
5 all 4 20400 - 288 47200 59000 70800 
6 1} 43 28800 342 56100 70000 84100 
6 1 5 31900 - 360 59000 73800 88500 
7 1} 52 42100 -414 67900 84800 101700 

ve 1 6 45900 - 432 70800 88500 106200 
8 ib 64 53900 - 468 76700 95900 115000 
8 It 63 58000 -486 79700 99600 119400 
9 iy 7% 71700 - 540 88500 110600 132750 
9 in i 76600 - 558 91500 114300 137150 

9 
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DETERMINATION OF VERTICAL AND LATERAL PRESSURES IN GRAIN 
BINS WITH HORIZONTAL REINFORCING FOR CYLINDRICAL CON- 
CRETE TANKS BY MEANS OF PLATE II. 

By means of the four curves on the chart in Plate II, which have 
been plotted from values given by Tables 1 and 2, the vertical and 
lateral unit pressures may be determined for any bin, and in the 
case of cylindrical concrete tanks the size and spacing of the hori- 
zontal reinforcing may be obtained without the need of any calcu- 
lations. 

The manner in which this chart may be used can best be explained 
by means of several examples, which will be first solved mathe- 
matically, using the values given by Tables 1 and 2, and then directly 
from the chart. 

EXAMPLES SHOWING USE OF PLATE II. 

EXAMPLE 1. 

Required: The vertical and lateral unit pressures at the bottom in 
a round or square bin 15 feet in diameter and 75 feet in height. 

JEL OS 
Dig 
From Table 1: For = ='5 

Ae 49.66 and V=15 x 49.66 =745 pounds per square foot. 

¥ 29.79 and L=15 x 29.79 =447 pounds per square foot. 

From Plate II: Follow the vertical line at the right-hand side for 
diameter 15 feet upward to its intersection with the oblique line 
representing 75 feet for the height of the grain. This will be found 
to be on the heavy horizontal line fourth from the bottom of the 
page. Follow this horizontal line to the left to its intersection with 
curve 1. Project from this intersection vertically to the line for 
diameter 15 feet of the set of radial lines for pressures. This last 
intersection will be found to be horizontally opposite a point on the 
scale for pressures a little above the line for 750 or about 745 pounds 
per square foot, which equals the unit vertical pressure. Returning 
to the fourth heavy line from the bottom, continue to the left to its 
intersection with curve 4, again project vertically to radial line 15 
for pressures, then horizontally to the right to a little above the line 
for 450 or about 445 pounds per square foot, which equals the unit 
lateral pressure. 
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GRAIN PRESSURES IN STORAGE BINS. ali 

EXAMPLE 2. 

Required: The area of steel in square inches per foot in height for 
horizontal reinforcing for a cylindrical concrete tank 25 feet in 
diameter and 100 feet in height at four levels, (1) at bottom, (2) at 

height of 25 feet, (3) at ae of 50 feet, (4) at Hee of 75 feet. 
(f= 18000). 

From Table 2: 

H 100 A 
At bottom 7 = 95 = 43 2 0-000818 A=0.511 sq. - 

At 25’ "n= DO =3; 4,=0. 000792. A =0.495 sq. in. 

At 50’ 0’’ = oe =; = th 000720 A =0.450 sq. in. 

At 75’ ia oo is 4, = 0.000527 A =0.329 sq. in. 

From Plate II: As before, follow the vertical line at the right- 
hand side for diameter 25 feet upward to its intersection with the 
oblique line representing 100 feet for the height of the grain. From 
this intersection project horizontally to curve 2 for f;=18000, then 
vertically to the line for diameter 25 feet of the set of radial lines for 
steel. This last intersection will be found to be horizontally opposite 
a point on the scale for steel areas a little above 0.5 or about 0.51 
square inch, which equals area of steel per foot in height at the 
bottom. 

In the same manner by starting in turn with the intersections of 
the vertical line for 25-foot diameter with the oblique lines for 75 
feet’ height of grain, 50 feet height of grain, 25 feet height of grain, 
the steel areas may be determined for these levels. 

The left-hand section of the plate provides a means of determining 
the spacing of any size bar there listed to give a required area of 
steel per foot in height. 

_ Any horizontal line through a required steel area will intersect the 
oblique line for any chosen size bar on the vertical line giving its 
required spacing. 

For the present example, by reading on the horizontal line through 
0.51, it will be found that any of the following combinations of bars 
and spacings will give the required area of steel at the bottom of 
the tanks: 

SROLOUMCSua Loe st Aimee MON en onueenter: 

Zeer OF le byes ats atm... .5 .se-- =) 27 om center. 
2” by 35’’ or 14’ by 7 orl” tg go flats ate. 229" onicenter: 
#” squares imei ee. Me oe On Cemter: 
Pea Deergamlabspatey tyes! | may SS a Boeke -10’7on center: 
24” by st! Onl aaby ac on IEA by tats ato. 112 on center: 

1 Height of grain equals distance from level of reinforcement to top of grain. 
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In determining what reinforcing will be used for any tank for its 
full height we can proceed in three ways to allow for the decrease 
from bottom to top in the steel area required: 

A. Fix a uniform spacing, and use decreasing sizes of bars. 
B. Select one size bar and increase its spacing. 
C. A combination of the first and second ways. 
In any case, having determined the size and spacing of the steel at 

the bottom, the levels at which the succeeding changes in bar sizes 
or spacings may be made can be obtained from the chart by methods 
the reverse of those already outlined. In the present example, if we 
select 14 by 4 inch bar, 9 inches on center, as the reinforcing at the 
bottom, we can proceed as follows: 

Follow the diagonal line for 14 by 4+ inch bar down from its inter- 
section with the horizontal line for 0.51 square inch of steel, which 
gave a spacing of 9 inches, to its mtersection with the vertical line 
for 10-inch spacing; project horizontally from this intersection to 
radial line 25 for diameters for steel, then vertically to curve 2, again 
horizontally to the intersection with the vertical line for 25 feet di- — 
ameter at the right-hand side of the page. This intersection will be 
found to be on the diagonal line for 50 feet height of grain; 50 feet 
from the top, therefore, we can change the spacing from 9 inches to 
10 inches. 

Starting from the intersection of the diagonal line for 14 by 4 inch 
bars with the vertical line for 12-inch spacings, we find in the same 
manner that at the height of 32 feet from the top we can increase the 
spacing from 10 inches to 12 inches. : 
We can now either continue to increase the spacing or maintain a 

constant spacing of 12 inches and change the size of the bar. Select- 
ing 1 by 4 inch as the next size bar, proceed as before from the inter- 
section of its diagonal line with the 12-inch spacing line, and we find 
that at a distance of 16 feet from the top this size bar can be substi- 
tuted for the 14 by 4 inch. In the same manner we will find that 
1 by 4 inch bars at 12 inches on center may be used for the last 9 feet. 

EXAMPLE 3. 

Required: Horizontal reinforcing for the full height in a wall of a 
concrete bin 10 feet by 10 feet by 60 feet in height (/; = 16000, f, = 650, 
n=15, and, for an intermediate span, m=12). 

From Plate II: L, the unit lateral pressure at the bottom, =300 
pounds. 

FromTable1: Fors, = = 6, ae 29.92,L = 29.92 x 10= 300 pounds. 

_ 300 x 10 x 10 x 12 
M = 30,000 inch-pounds. 

12 
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From Table 3a: A wall 6 inches thick with a depth to steel of 5 
inches has a resisting moment of 32,300 inch-pounds, requiring 0.462 
square inch of steel per foot in height, which is slightly greater than 
actually required. 

2 

Using the formula a 

- 300 x 10 x 10 A 
we have, a= 70000 ~ =(.43 square inch. 

given by 2’’ rounds 83” on center. 

If it is desirable to have the bars spaced in even inches, we can 
increase the spacing to 9 inches and investigate to determine the 
corresponding stresses in steel and concrete. 

The area of 3’’ rounds 9’’ on center equals 0.41 square inch. 

p= = 0.0068. 

for p=0.0068 and n=15, k=0.361, and 7=0.879. 
M 30000 

asec 70.41 x OOS as pees. 
_2xfsXp 2x 16640 x 0.0068 

te= = = 0361 = 630 pounds. 

The stress in the concrete is less than the allowable assumed and 
the stress in the steel is not excessive. 

To find the height at which the spacing may be increased to 10 
inches: The area of §’’ rounds 10’’ on center equals 0.37 square 
inches. 

Using the formula L=° 

; 0.37 x 70000 

Ba = 25.9, for which 5,2 (seo Table 1), 

H, then, is equal to 20, and at a distance of 20 feet from the top we 
can increase the spacing of the bars to 10 inches. 

aA 

The area of 2 rounds 12’’ on center equals 0.31 square inch. 

L=0. 31 X 700 = 217 

iy Seay nella D7 10 72! 7, for which Dal:3: 

At a distance of 13 feet from the top we can increase the spacing to 
12 inches. 

VY 

The area of : rounds 12’” on center = 0.20 square inch. 

L=0.20 x 700 = 140. 

L140 Laval 
Do 197 for which Dz 6. 
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At a distance of 6 feet from the top we can change to = rounds 

12’’ on center. 

EXAMPLE 4. 

Required: Vertical and lateral pressure at the bottom of a rec- 
tangular bin 8 feet by 14 feet by 68 feet in height, walls to be of steel 
plates, bin to be used for storing barley weighing 40 pounds per 
cubic foot. ; 

x14 : j 8 
Hydraulic radius = 16 1287 2a 

Diameter of equivalent regular bin=4 x 2.55=10.2 feet. 
For barley in a steel bin we may select for yp’ a value of 0.375 and 

for k a value of 0.4, then 

4XkxXp’=4xX0.4X 0.375 =0.60. 

O20. 
: D an 17 feet. 

At bottom a for which ae 08. 

v= é 08 x 17=835 pounds. 

For W=40 V=5 s 5 of 835 = 668 pounds per square foot. 

je « 4 X 668 = 267 pounds per square foot. 

APPENDIX. 

Values of yp’, the coefficient of friction of grain on different sub- 
stances, and of k, the ratio of the lateral to the vertical pressure of 
grain, as determined by the experiments of different observers are 
presented herewith. 

Coefficients of friction of various kinds of grain on bin walls. 

From Airy, Wilfred. The Dressute of grain. Institution of civil engineers. Minutes of proceedings. 
Vol. 131, p. 347-358. London, 1898. 

Weight Coefficient of friction. 

of cui t 
oot 

Kind. loosely | Grain on Grainon ‘sooth Grain on } Grain on 
filledinto| grain. board. hoard iron. | cement. 

i? 
measure. Ke p! p! pw K 

: Pounds. 
Wheat er sep eke Rss ee eee ee 49 0. 466 0. 412 0.361 0. 414 0. 444 
Barley ttt eee eee ee eee 39 . 507 . 424 ~320 -376 452 

GS Sere aie ta ee measles ests < Mee Oe eee eee 28 - 532 450 369 412 466 
Cormack Se se ee 44 521 344 308 374 
BEANS soes Se sycietobe <2 Boece eke aca 46 .616 - 435 322 366 
ere a7elare eRe ss Bee Sae ee eek oe ae 50 472 . 287 268 263 296 
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Values of p’ and k. 

As compiled by Ketchum, M. S., in The design of walls, bins, and grain elevators. N. Y., 1911, p. 346 
and 350, from experiments by J. Pleissner. 

bw’ k 

: Wheat. Rye. Wheat. Rye. 

(CHAT 80 1 10) ee Seo eee Se oe aes se se ee 0. 43 0.54 |0.4 to0.5 | 0.23 to 0.32 
GREE CRE ENO DEON DINE = a= a0 =o \- + a iscmin yee ee ae 58 -78 | .4 to .5 } .3 to .34 
Serre Toi BYtIe | 5) bs Eat See ae ae Sere en pena oF ek ee 25. -37 | .34to .46] .3 to .45 
TATUNG [elevate [ayia ee eee eee sinn Ses 5 See meemeae 45 50 -3 23 to .28 
I cHiHOKeeO IC GUCTOLO DIM see eee = === aaa = - 2 3 (i -85 | .30to .34 

Coefficient of friction between wheat and various materials of construction of bin walls. 

From Jamieson,J.A. Grain pressuresin deep bins. Canadian society ofcivilengineers. Transactions, 
1093. Vol. 17, part 2, pp. 554-607. Montreal, 1905. 

Coefficient 
Material. offriction. 

4 

NH Ca inOuIRMH es Lame haere eee Salis etimce tic coe ac cicne ace Sela & Sse RLS Sa eee eee eoemeaiS 0. 532 
WHE titorISheOULrOueh-plale Ditto estas. = 22sec Sets =/ 5 > Ee oe eee EE ie eae eens - 468 
WMittaiomstceliat plate plvetedimOble DalSsescce nc -. - ean a Be 0.375 to .400 
WihentomsteelGylinGers TiveteGis «os9-- =< cn scmeon- =) Se ee = = cieeine cee semen ate eee memes .365to .375 
Wheat amcoment: concrete, Smooth toroughs. 2-22. 2 225- s-esee 22 = sae see See - eet deem eeees -400 to .425 
RMMheatomriua on prick, Smooth tomoughl. ..8- dee. sae. cages ee Sonik oe ee ee oe -400 to .425 
WhicaniOme rp Ded WOOUOMDINSa te ea. cz sceasscccent es = steeee: Lectececee sees sus mekeene eee -420 to .450 

k for wheat=0.596. 
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INTRODUCTION. 

In the administration of the National Forests the aim is to convey to 
the greatest possible number the full benefit of all the resources which 
the Forests contain and at the same time to perpetuate these resources 
by regulating their use. Accordingly, grazing on the National For- 
ests is regulated with the object of using the grazing resources to the 
fullest extent possible consistent with the protection, development, 
and use of other resources. 

As the National Forests were established primarily for the pro- 
tection and development of the Forests and the protection 
of the watersheds, great pains must be taken to harmonize graz- 
ing with these primary purposes. Also, as plans go forward for 
the development and use of new range and for more complete utiliza- 
tion of all unused areas within the ranges now in use, more and more 
care must be exercised to see that the wild life of the Forests is not 
unduly restricted. As long as a large portion of each Forest was un- 
used by domestic stock the main feature of game protection was 
proper regulation of hunting; but with grazing reaching out to the 
pockets and corners, the problem of insuring forage and secluded 
spots for game becomes more complicated. The recreational features 
of the National Forests, too, are of increasing importance, and in- 
creased attention is necessary to harmonize grazing use with recre- 
ational use. 

Rules governing the granting of grazing privileges and the use 
of National Forest lands for grazing purposes are to be found in the 

Nots.—A table of contents by headings will be found on page 97. 

111479°—Bull. 790 —19 1 1 
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Use Book.t The administration of grazing in accordance with these 
rules for a period of nearly 14 years has resulted in the develop- 
ment of a system of range use which is accomplishing in a broad 
sense the aims of regulated grazing. The period has not been long 
enough, however, for such a system or its appheation to be per- 
fected so as to secure the fullest and best use of the grazing re- 
sources consistent with the protection, development, and use of the 
other resources. Perfection in this respect may be approached only 
by continuous effort and by refinement in methods and practice 
based upon a more complete inventory of the resources involved and 

upon the results of investigation and experience extending over a 
great many years. 

At the present time there are wide differences of opinion as to 
when a range is fully used and as to when grazing becomes incon- 
sistent with the proper use or protection of other resources. Like- 
wise, there are differences in opinion and in practice as regards the 
class of stock to which a range is best suited, the plan of grazing 
best adapted to a given range, the maintenance and improvement 
of the range, the periods of grazing, the grazing capacity, the man- 
agement of the stock while on the range, and other phases of range 
management. These differences exist among forest officers as well as 
among the stockmen whose stock graze on the ranges, and as a con- 
sequence there are variations in the results secured on ranges within 

an individual forest as well as between forests and localities. Too 
frequently these variations are attributed to differences in local con- 
ditions and are taken as a matter of course. This is warranted to a 
limited degree only. Greater uniformity and a general approach 

to a desirable standard are both possible and necessary. 
The object of this publication is to aid in bringing about uni- 

formity in range management and a better understanding of graz- 
ing use in relation to the other uses of the National Forests. The 

importance of adjusting grazing so as to secure the perpetuation of 
the range resources and so as not to interfere with the requirements 
of other resources is emphasized throughout. The phases of range 
management which must be given proper attention are pointed out, 
and, as far as practicable, rules of procedure are given. Exhaustive 
discussion of each of the subjects taken up is not attempted. The 
purpose is rather to bring together in handy form sufficient informa- 
tion on the essential points of grazing practice to enable the reader 
to make practical application of the best principles of regulated 
grazing. Further information may be secured from the publications 
listed. 

1U. 8. Forest Service, The Use Book, A Manual of Information About the National 
Forests. 1918. 
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DETERMINATION OF CLASS OF STOCK TO WHICH RANGE IS BEST . 
SUITED. 

Classification of the range to determine the areas best suited to the 
different classes of stock is the first important step toward the best 
use of the grazing resources. The classification should be based upon 
the character of the range, the grazing habits of the different classes 
of stock, and the relation of grazing to timber growth and other 
resources, and should be made without regard for the local needs of 
a given class of stock, The need for administrative discretion in the 
final division of the range between different classes of stock is recog- 

nized, but the importance of grazing the class of stock to which the 
range is best suited must not be unduly subordinated to other factors. 

MAIN FACTORS DECIDING SUITABILITY OF RANGE. 

The main factors which, combined, determine the class of stock for 
which a range is best suited are: 

1. Character of forage. : 4, Animal pests. 

2. Topography. 5, Protection of timber growth, wa- 

3. Distribution of watering places. tersheds, and game, 

CHARACTER OF FORAGE, 

In general, cattle and horses use a grass range to better advantage 
than sheep. Sheep relish tender green foliage and the grains of many 
grasses, but they eat sparingly of coarse or dry grass foliage. Cattle 
consume a much larger proportion of the coarse grass forage. 
Horses, even more than cattle, prefer grass to weeds and browse. 
On the whole, weeds are much more palatable to sheep than to 

cattle or horses. Only a small percentage of weeds are palatable to 
cattle, and even fewer are palatable to horses. Sheep show discrimi- 
nation in their choice of weed forage, but they will eat parts or all 
of most weed species on closely grazed range. 

Both sheep and cattle eat considerable browse; but sheep have a 
tendency to browse more than cattle, and more of the browse species 
on range lands appear to be palatable to them than to cattle. How- 
ever, cattle reach higher than sheep and get more forage from high- 
growing browse species, such as scrub oak, service berry, and ma- 
hogany. Horses browse but little. For sheep to use brush range of 
large area readily the brush should be in open enough stand to enable 
the sheep and herders to move about through it. Sheep will gradu- 
ally work their way through and fully use small areas, however dense 
the brush, if it is palatable, unless the area is too wet, as is sometimes 
the case where willow browse occurs in wet meadows. Cattle will use 
dense brush range, but prefer open grass range or open grass and 
browse range. 



4 BULLETIN 790, U. S. DEPARTMENT OF AGRICULTURE. 

TOPOGRAPHY. 

Cattle prefer level or rolling country. Altitude makes little differ- 
ence if the stock have been raised on the range. Under necessity 
they will use rough range; but it is difficult to get equal distribution 

of cattle grazing on rough range without more watering places, salt 
grounds, fences, and herders than such ranges ordinarily are pro- 
vided with. Further, cattle on rough, rocky range frequently become 
footsore, especially the bulls. As a consequence, there is danger of 
local overgrazing, and the number of bulls necessary for each 100 
cows to keep up the calf crop is nearly double the number used on 
level or rolling range. 

Sheep probably do best on smooth range, other things being equal; 
but they can readily use rough range, whether rocky or not, pro- 
vided they can not roll the rocks and so long as there are no natural 
barriers which they can not get over or around. Altitude is not a 
factor, except that sheep do best where it is cool during the summer. 
More even distribution of grazing on rough range can be secured 
ordinarily with sheep than with cattle, because sheep are under full 
control of the herder. Cattle are difficult to control without division 
of the range by fences into comparatively small pastures. 

Horses will readily use rugged range if raised on it, but horses 
raised on plains do not adjust themselves readily to rugged moun- 
tain range. 

DISTRIBUTION OF WATERING PLACES. 

Sheep can go from several days to several weeks without drinking, 
depending upon the abundance of succulent weed feed, the tempera- 
ture, and the amount of rain and dew. Further, if they are properly 
handled, they can be directed so as to graze a range of several miles’ 
radius from one watering place without serious detriment to them- 
serves or injury to the range. 

Cattle need water oftener, at least: every two days. In rough 
country they should not have to travel more than 1 mile, prefer- 
ably half a mile, to water, and in level or rolling range not more 

than 24 miles. Even with water at these distances, local overgraz- 
ing will result if the range is fully stocked with cattle. 

Horses can go long distances to water and will of their own choice 
graze out on high open grass ridges far from watering places. 

ANIMAL PHSTS. 

The presence of bloodsucking insects sometimes makes it imprac- 
ticable to graze cattle or horses on ranges which otherwise are well 
suited to them. These pests are usually most numerous and most 
troublesome at the higher elevations. On such ranges there is 
usually a heavy snowfall and rainfall with a short dry season. These 



PLATE Tf. Bul. 790, U. S. Dept. of Agriculture. 

V
-
9
b
b
b
f
—
4
 

‘a
pe
ys
 

re
ou
 

p
u
e
 

J
a
y
e
 

O}
 

OS
O[

O 
SM

Op
eL

OU
T 

p
u
e
 

s
y
e
d
 

ss
ei
s 

u
s
d
o
 

Jo
yo

sd
 

O
T
e
"
)
 

ae a 



‘a
ou
ss
qe
 

ps
ol
0y
ue
 

Jo
 

sp
or
se
d 

Su
o]
 

J0
}J
Fe
 

Un
jo
rI
 

so
ou
vy
su
t 

A
u
e
r
 

Ur
 

TI
M 

pu
e 

‘s
jj
oo
 

se
 

un
i 

o
v
e
g
 

Ko
y?
 

Y
o
r
y
M
 

Uo
 

so
Su

er
 

07
 

po
yo

ry
ze

 
yo
nu
r 

AJ
9A
 

9u
l0
0e
q 

U9
}J
O 

Ss
os
IO
FT
 

“
J
o
y
e
 

O}
 

S
O
U
B
I
S
I
P
 

Su
o]
 

[o
Aw
sy
 

T
T
A
 

L
o
y
}
 

9[
19

89
 

Y
I
M
 

p
o
r
e
d
u
i
o
o
 

s
y
 

*
s
u
T
e
}
U
N
O
U
 

oY
} 

UI
 

Su
Is
uU
eI
 

B
E
Y
 

So
Sp
rs
 

ss
ea
d 

us
do
 

Yy
st
y 

Jo
jy
oi
d 

so
si
0f
y{
 

Vv-9001e&—-4 

PLATE II. Bul. 790, U. S. Dept. of Agriculture. 



“y
sn

oi
g}

 
49

5 
Jo
u 

ue
d 

Ys
IO
Y 

& 
Y
O
Y
 

Sv
or
e 

os
n 

TI
M 

A
Y
)
 

p
o
f
p
u
e
y
 

A
P
o
m
b
 

Ft
 

pu
e 

‘y
oe
qe
ss
io
y 

uo
 

ySn
o.1

y} 
us
e 

oq
 

ue
o 

Je
y}

 
se
or
e 

o
z
 

Ap
is
ea
 

ue
d 

A
y
 

T,
 

“Y
sn

iq
 

JO
 

sJ
oq
ui
, 

U
a
e
}
 

Jo
 

Se
or

e 
F
e
i
n
 

c
a
n
a
 

n
a
d
 

S
e
a
n
c
e
 

i
h
 

a
e
a
c
e
 

G
t
7
E
6
—
A
 

PLATE III. Iture. gricu Bul. 790, U. S. Dept. of A 



Bul. 790, U. S. Dept. of Agriculture. 

A
a
v
a
y
 
oy? 

Ie] 
Aoy) 

d
y
s
 
TW 

SUM=I-4 

‘s
os
pi
r 

po
so
qu
ir
y.
 

AT
ue

do
 

30
 

p
e
r
s
q
u
m
u
n
 

oy
} 

UO
 

po
pp

oq
 

pu
e 

Jo
qu

IT
y 

, 
*J

Oq
UI

I}
 

OS
US
p 

UI
 

Vs
uU

eI
 

JO
 

SG
oI

e 
Od
IE
] 

JO
 

OS
N 

p
o
o
s
 

op
eu
l 

Ao
y]

, 
"
U
O
Z
0
I
Q
 

UI
 

vo
rT
e 

pa
0u

sj
 

& 
Ul

 
p
a
p
s
a
y
u
n
 

d
e
s
y
g
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conditions are favorable for the breeding of flies, gnats, and mosqui- 

toes during the time the stock should be on the range. In some 
cases the ranges may be grazed after the fly season has passed. 
Ordinarily, however, this can not be dene, as the grazing period in 
high altitudes is short at best, and the time left after the fly season 
is too short to warrant putting the cattle and horses on, or so short 
that full use of the range is not possible. 

Sheep are annoyed by these insects, but much less than cattle or 

horses. Usually no consideration need be given to this factor in 
alloting sheep to a range within the National Forests, but in a few 
localities adjustment in the time of grazing may be necessary. 

PROTECTION OF GAME, 

The forage habits of elk and deer are similar to those of cattle and 
sheep. Both elk and deer, however, show a greater preference than 

cattle for weeds and browse. 
Game animals in many instances voluntarily choose areas not. well 

suited to the grazing of domestic animals. More often, however, this 
choice is forced by several influencing factors that might all be 
grouped under the one heading, “ Man.” 

Mountain sheep and mountain goats are now very seldom found 
either in summer or winter on ranges accessible to any class of do- 
mestic stock. However, mountain sheep should be protected from 
disturbance and competition in the utilization of forage by domestic 
sheep in the few instances where domestic sheep otherwise would 
utilize rough range inhabited by mountain sheep. 

- Deer and elk in a majority of cases must be protected from do- 
mestic stock, particularly sheep, which are capable of utilizing almost 
any range on which game animals might seek seclusion. During the 
summer months elk, and in many instances deer, will be found at the 
higher elevations feeding mainly on the weeds growing in the alpine 
parks, either among the rocks or in the timber, where there is ample 
water and shade. In winter elk and deer come to the lower, open 
foothills, usually feeding on steep, open wind-swept exposures. If 
unmolested, elk will browse extensively in willow patches during the 
winter. 

Moose are usually found in rolling timber courtry where bogs, 
ponds, and lakes are numerous. Such areas are seldom of very great 
value for the grazing of domestic stock. While timbered areas of this 
kind are usually poorly stecked with forage plants, they are also in 
most instances infested with flies and mosquitoes to a degree that 
would make the grazing of cattle and horses next to impossible except 
for a very short period of the year. It is usually a difficult matter, 
and in some instances impossible, to handle sheep economically in a 
country of the character suited to moose. 
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PROTECTION OF TIMBER GROWTH AND WATERSHEDS. 

Experience and investigation have shown that, generally, grazing 
within certain limits, properly managed, does. not imterfere to an 
unwarranted degree with the protection, development, and conserva- 
tive use of the forests and watersheds. They have made it equally 
evident, however, that grazing management must receive special con- 
sideration on certain forest lands and on certain watersheds. ‘These 
important cases usually will be given special study and consideration 
after the general division of range between different classes of stock 
has been made. Specific suggestions for the handling of such cases 
are given under the heading, “Grazing and protection of tunber.” 

In apportioning range among different classes of stock it is im- 

portant to keep in mind: 
1. That where the mtensity of the grazing is the same sheep graze 

young growth of more timber species than do cattle, and that they 
cause greater injury to young growth, and, in general, to watersheds, 
though on steep slopes with loose soil cattle grazing may be more 
destructive to the watershed than sheep grazing. 

2. That injury to tree growth by cattle and horses is negligible if 
overgrazing and bad none of stock are avoided. 

3. That injury to tree growth by sheep depends greatly upen the 
character of the forage, increasing as the proportion of forage not 
suited te sheep increases, and that timber reproduction on dry grass 
ranges or other ranges where there is little succulent weed growth or 
browse suitable to sheep is especially subject te injury by sheep graz- 
ing if the forage is fully used. 

4, That sheep in herds on steep slopes where the soil is loose may 
trample out tree seedlings to an appreciable extent. 

Aside from these special points the main features of importance 
are to see that seasons of grazing are properly adjusted, overgrazing 
avoided, and the stock properly handied. These features need be 
considered in the division of Fange only to the extent of deciding 
whether the desired management of the range and stock in question 
is practicable.t 

LAMBING RANGE. 

Yor areas used by sheep during the lambing period at least two 
requirements are necessary: Ample green feed suited to sheep, so that 
the ewes will produce sufficient milk for the lambs, and an altitude low 
enough not to be subject to severe wet storms during the lambing 
period. Such storms oceur occasionally on any lambing range, but at 
high altitudes they are frequent at lambmg time and the weather 
generally is cold and wet. A good lambing range should have natu- 

ral protection from storms. This is afforded by broken topegraphy 

1The selection of goat ranges is a special problem and does not enter as a major 

problem into division of ranges in general, 
4 
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with small canyons, basins, and coves. Such broken topography is an 
advantage, too, in keeping ewes and young lambs in small bunches for 
the first 10 days after the lambs are dropped. 

The general tendency has been to use for lambing grounds areas 
not suitable for this purpose, owing to altitude, lack of sufficient green 
feed, and poor protection. The use of such areas should be discour- 

aged in favor of earlier lambing on feed if necessary. Sheep owners 
will undoubtedly aid in this, as the losses on unfavorable lambing 
range are unwarranted and the number of lambs saved is becoming 
more important as a factor in determining net profit of the sheep 
business. 

RANGE DIVISION LINES. 

Division lines between ranges used by different classes of stock are 
often established without enough attention to the suitability of all 
range within a unit to the class of stock assigned to it. The aims 
naturally are to establish the division lines along the most promi- 
nent ridges and streams and to satisfy demands of individuals and 
communities. This practice in general is correct. Very often, how- 
ever, division lines based on prominent ridges and streams’ may be 
so general as to include within exclusive cattle range areas of con- 
siderable size which can be well utilized only by sheep. This is due 
to the fact that cattle utilize the lower slopes and more accessible 
places but make little use of the less accessible areas, usually at the 
upper parts of the watershed, which could be fully utilized by sheep 
without interfering with the cattle interests or damaging the water- 
shed. Less often areas of considerable size best suited to cattle are 
included within exclusive sheep range. All the area within a pro- 
posed unit boundary should be carefully examined to determine the 
suitability of the range to the proposed class of stock. If satisfac- 
tory boundary lines can not be decided upon so as to exclude range 
not suited to the class of stock on the unit, common use with more 
than one class of stock should be considered. The minimum area 
which it will be practicable to exclude from the unit will have to be 
decided for the individual case. | 

COMMON USE OF RANGE BY DIFFERENT CLASSES OF STOCK. 

If a range unit can be fully and properly utilized by one class of 
stock, there is nothing to be gained by grazing two classes in common. 
Tt is becoming more and more evident, however, that on mountain 

lands, such as those within the National Forests, the range units 
wholly suited to exclusive use by one class of stock are small in num- 
ber as compared with those which can be fully utilized only by two 
or more classes. Nature has not provided forage plants, topography, 
and watering places over arbitrary administrative divisions as large 
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as the average grazing unit to suit the requirements of exclusive 

grazing by one class of stock. 
To obtain full utilization of the forage and maximum grazing 

capacity one, two, or more classes of stock may be grazed in numbers 
corresponding to the quantity of forage which can be used best by 
each class. Where the range supports a variety of plant species, in- 
cluding a good deal of grass forage, or where there is an appreciable 
area of meadow range, cattle grazing, if not overdone, is a benefit 
rather than a detriment to the sheep interests. In heavy feed cattle 
will trample dewn some of the weed feed suited to sheep, but the 
use of the coarse grasses by cattle will prevent the grasses from 
crowding out the weed forage, as they are doing on many ranges 
which have been grazed exclusively by sheep for a number of years. 
On the other hand, sheep grazing on a cattle range where there is a 

good deal of weed feed, or on small areas difficult for cattle to 
reach, not only is economy, but aids in maintaining the cattle 
feed by keeping down the weeds. A few horses may in some cases 
be grazed to advantage on sheep range, cattle range, or range used 
by both sheep and cattle. The horses will use to advantage 
grass range not well suited te sheep and too far from water or too 
rough for full use by cattle. And it is not improbable that in locali- 
ties where goats are produced a few goats may be grazed to advan- 
tage on cattle or sheep ranges to keep brush stands open enough 
for the growth of vegetation suitable for the other classes of stock. 
The main reasons then for common use of range are to prevent 

waste of forage and to maintain a normal balance between the dif- 

ferent kinds. Success in common use depends upon establishing the 
right proportion between the different classes of stock to correspond 

with the proportion of the forage which should be used by each class. 
This must be done to avoid overgrazing of the range as a whole and 

to avoid unwarranted encroachment of one class of stock upon 
another. 

There usually is sufficient forage suited to both sheep and cattle 
to admit of considerable variation in the ratio between the two. 
Where the forage is 50 per cent weeds and 50 per cent grasses sheep 
and cattle might be run in ratios of 3 to 1 to 6 to 1, depending 
upon the amount of range the cattle will not use because of 
ruggedness or distance from water and upon the character of the 
grass and weed forage. At best, then, careful study of the range 
is essential to the establishment of the proper ratio, and very often 
the desired balance between sheep and cattle can be worked out only 
by observing the utilization of the range and readjusting the num- 
bers. of stock from season to season until the forage crop is utilized 
as it should be. If a considerable quantity of grass feed is left at 
the close of the grazing season, it would seem reasonable to consider 
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Bul. 790, U. S. Dept. of Agriculture. PLATE VII. 

F—-2—WRCG 

Fig. 1—A combination of grass and weed type which should be grazed by both sheep and 
cattle if the fullest possible use is to be made of the range. Sheep will take very little of the 
coarse grass feed unless compelled by a shortage of weed feed. Cattle will eat but very little 
of the weed feed if there is suti'cient grass. 

F-3-WRG 

Fig. 2.—An area of coarse grasses on a sheep allotment that can not be utilized properly by sheep. 
Cattle make the fullest use of such areas. 
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increasing the number of cattle. If weed feed is left, an increase in 
sheep might be desirable. 

The old-time belief that cattle will not graze on a range used by 
sheep is erroneous. It originated mainly when the ranges were badly 
overgrazed. There was little or no feed of any kind left for cattle 
after sheep grazing. Naturally cattle would not stay on such range. 

Overgrazing and an excessive number of either class of stock must 
be avoided, and the stock must be properly handled. These, however, 
are difficulties which have been repeatedly overcome in practice and 
undoubtedly can be overcome in the majority of cases. 

In practice on ranges on the National Forests cattle and sheep are 
sometimes found grazing together, but usually the two classes of stock 
graze over the range at different times or graze different portions of 
the range. The parts best suited to cattle and most used by this class 
of stock are lightly grazed by sheep at a time when there is least in- 
terference with cattle. The areas not suited to cattle or not used by 
cattle furnish the main grazing for sheep. 
Where the use of the range is regulated there is little need for con- 

flict other than in opinion, and this should not stand in the way of 
conservative use of the grazing resources. A great many summer 
ranges should be grazed by both cattle and sheep. Hither class can 
not wholly replace the other. It seems logical, therefore, to expect 
that common use will be given careful study and, where conditions 
warrant, will be made a requirement if such action becomes necessary 
to secure full use and protection of the range resources. 

IMPORTANCE OF GRAZING THE CLASS OR CLASSES OF STOCK TO WHICH THE 
RANGE IS SUITED. 

The importance of careful study to determine the class or classes of 
stock to which a range is best suited can not be overemphasized. The 
many reasons can not be given here without including in this place 
much discussion which more properly belongs under the headings 
which follow. The reader is urged, therefore, to note carefully the 
importance of suitability of range to the stock in determining season 
of grazing, grazing capacity, management of stock, losses from poi- 
sonous plants, and damage to tree growth by grazing. The problem 
of division often is difficult, because it involves not only the suit- 
ability of the forage, but also the comparative difficulties of handling 
the different classes of stock so as to utilize the forage without un- 

warranted damage to other resources. The fact that large range 
units have been classed as cattle range or as sheep range for years 

does not necessarily mean that the original classification is infallible. 
A unit as a whole may be best suited to the class of stock already on 
it and yet afford much opportunity for interior classification which 
will result in segregation of range for another class of stock or for 
common use. 
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GRAZING PERIODS. 

PREMATURE GRAZING. 

In establishing grazing periods the first care should be to prevent 
damage to the range through premature use. In doing this there can 
be none but fancied wrong done the live-steck interests. The perma- 
nent welfare of the live-stock business itself demands that the grazing 
seasons should not begin too early, because the maintenance of the 
maximum permanent carrying capacity of the range is identical with 

the permanent welfare of the communities or individuals depending 
upon the range. 

Premature mee was undoubtedly one of the foremost causes of 
the deterioration of range lands prior to regulated grazing; and the 
fixing of grazing periods on the lands within the National Forests has 
had as much to do with range improvement as reductions in number 
of stock, if not more. There is much te be done in adjusting the graz- 
ing periods so as to fit the requirements of all range OT by each 
period. — 

The growing herbage might be called a laboratory where plant 
nutrients are prepared. Repeated removal of this herbage year after 
year during the early part of the growing season destroys this labora- 
tory, and by doing so robs the vegetation of nourishment. As a result 

the vitality of the forage plants is lowered, the forage production is 
reduced, and the weakened plants are unable to produce fertile seed. 
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Meanwhile the plants little grazed by stock, or not eaten at all, will be 
growing vigorously and will eventually occupy the range. 
“The damage to the forage plants from premature grazing is great-' 

est. Immediately after growth begins and decreases as the growing 
season advances. Little or no damage is done after the plants 
have matured seed. In a broad sense, therefore, grazing at any 
time befere seed maturity of the forage plants may be consid- 
ered premature. it is not practicable, however, to allow all of 
the range to go ungrazed until after seed maturity in any one 
year. The problem is to work out seasonal grazing which will result 
In Iaxnnum production of forage and lve stock year after year. 

Such a plan involves: (1) Fixing the opening of the grazmg period 
so that the damage from grazing will not be irreparable or out. of 
all proportion to the value of the forage secured and (2) adjusting 
grazing aiter the season epens so that all portions of the range will be 
grazed. as nearly as possible in harmony with the requirements of the 
vegetation making up the forage erop. 

WHEN THE GRAZING PERIOD SHOULD OPEN. 

The importance of avoiding too early grazing can not be over- 
emphasized. It will be to the ultimate advantage of the range users 
to feed their stock or otherwise provide for them until the range may 
properly be opened to grazing. It is especially important to avoid— 

1. Cropping of the herbage as soon as the earliest plants afford a 
small supply of forage. 

2. Admitting stock before at least 25 per cent of the heads of 
the earlier forage grasses have begun to show or before the leaf 
sheath involving the head is swollen and conspicuous. 

3. The presence of stock while the soil is saturated or while there 
Is moisture enough so that the trampling by the stock will result in 
appreciable packing and hardening of the seil when it dries. 

Tf grazing starts when the earliest plants afford a small quantity 
of forage the leafage is extremely succulent, low in nourishment, 
and insufiicient in amount properly to maintain the animals. In an 
attempt to get enough nourishment they cover a large area and, 
by trampling, do unwarranted damage to young plant growth and 
soil. The removal of the herbage at this stage of growth is extremely 
detrimental to the later growth of the plants, greatly reduces the 
total food production, retards the production of flower stalks. and 
the time of seed maturity, decreases the quantity of seed, and lowers 
the viability of what seed is produced. In addition, cases have been 
Inown where heavy unnecessary losses have occurred when cattle 
already in poor condition were turned on range prematurely and 
died because there was insufficient nourishment in the soft, washy 
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young grass to maintain them through the necessary period of 
recuperation. 

By the time 25 per cent or more of the heads of the earlier forage ” 
grasses begin to show or are conspicuous in the sheath sufficient leaf- 
age has been produced to afford a good bit of forage. It is then 
unnecessary for the animals to travel great distances for the supply 
of food needed, and the damage from grazing is not nearly so great 
as during the earlier period. This stage of development comes nor- 
mally from 10 days to two weeks after growth begins. 

Grazing when the soil is saturated or very wet results in packing 
the soil by trampling, so that it hardens when it dries. In this con- 
dition it does not absorb later rainfall as readily as when mellow, 
as it ordinarily is if not trampled. As a consequence, the moisture 
available for the plants is reduced and erosion is more active than 
on unpacked soil. The greatest danger from trampling and packing 
is over, normally, so far as the spring period is involved, by the time 
the main forage plants have been growing about two weeks. 
Two weeks, then, after growth of the earlier forage grasses begins 

may be set as the earliest date at which stock should be allowed on the 
range. Where overgrazing or premature grazing has been practiced 
until the range has deteriorated the opening of the season may have to 
be delayed longer, or it may be necessary to apply deferred grazing 
on the overgrazed area to allow the range to recuperate. 

The beginning of growth for a given exposure is later by about 

7 to 10 days for each 1,000-foot increase in altitude, and there is 
considerable variation in the time at which growth begins on differ- 
ent exposures of the same altitude. Further, the time at which 
growth begins varies somewhat in different years, perhaps as much 
as two weeks. On the other hand, the opening date of the grazing 
period for any one year must be decided in advance, but may be 
changed in years following. ‘These various factors must be kept 
in mind and harmonized as far as practicable in deciding this open- 
ing date. In doing so the following suggestions may be helpful: 

1. On spring ranges and on summer ranges decide upon the area 
which should be used during approximately the first third of the 
period. 

2. Allow grazing to begin when the early forage grasses at about. 
the center of altitude on this area are in the head. 

3. Inspect this range for a number of years to determine the aver- 

age date at which the early forage grasses at this central altitude 
are in the head, and eventually use this date as the beginning of the 
grazing period. 

The choice of one-third of the range and of the central altitude 
of this third may not fit an individual case; but it will serve as a 
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suggestion of a method of procedure in deciding this vital and com- 
plex question. 

On fall and winter ranges the main point is not to begin grazing 
so long as the stock can be taken care of properly on the summer 
range. Winter is a critical period and the forage crop the following 

spring is uncertain. Consequently reservation of feed for winter is 
always an advantage. 

SEASONAL GRAZING AFTER THE PERIOD OF GRAZING BEGINS. 

Established grazing periods sometimes cover spring, summer, and 
autumn range varying perhaps as much as 5,000 feet in altitude. 
Throughout this variation in altitude a given stage of growth of 
the vegetation is delayed about 7 to 10 days for 1,000 feet of in- 
crease in elevation, making a total of 35 to 50 days’ difference be- 
tween the lower and the upper limits. 

Where such range is used by sheep under herding, a definite plan 
can be followed to adjust the time of grazing at a given altitude 
so as to correspond approximately with the development of the vege- 
tation. Such a plan should be worked out and followed. The control 
of cattle, however, is usually inadequate to accomplish this desired 
seasonal grazing. As a consequence the cattle drift to higher alti- 
tudes before the vegetation should be grazed. Where this is the case 
the object of establishing a grazing period is accomplished only on 
the extreme lower altitude. The rest of the range is injured by too 
early grazing. Sometimes this injury is out of all proportion to 
the value of the forage secured. Open basins and ridges at the 
heads of drainage may soon become impaired to such an extent as 
to necessitate reduction in the number of stock or, in some cases, 
exclusion of stock while the range is being built up. The remedy is 
to work for a logical division into spring range, extending to about 
July 1, and summer range, beginning about July 1, with corre- 
sponding control of the cattle and horses. It is impossible to do 
this at once in all cases where it should be done; but observations, 
adjustments, and plans should be made with this division or a simi- 
lar one to fit the individual case in view. 

Even within these suggested divisions repeated close cropping of 
the vegetation after the first two weeks of growth will result in 
deterioration of the range. Care should be exercised to see that 
grazing is uniform and not heavy during the early part of the 
grazing period; and if the range is to be grazed to full capacity 
a system of deferred and rotation grazing, as described under 

“Range Reseeding,” should be applied. 
The idea is sometimes advanced that too early grazing by cattle 

will not do as much damage to a range as too early grazing by 
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sheep. This belief is due to the closer cropping by sheep and to the 
fact that sheep are handled in bands and may pack the soil more 
than cattle. Too early grazing of the same intensity by either class 
of stock, however, will produce essentially the same result. When 
the soil is wet cattle do as much damage as sheep or more. - They 
sink deeper into the soft ground, slide around more, and tear or press 
out more vegetation than do sheep under similar conditions and 
equally heavy grazing. 

THE CLOSE OF THE GRAZING PERIOD. 

The close of a late spring grazing period should be governed by 
the time that grazing on the summer range may properly begin. 
If the spring range will not carry the stock on it until this date, 
there are too many stock. The close of a summer grazing period 
should be governed, as a general rule, by weather conditions and 
by the supply of fall and winter grazing. Late grazing, when not 
accompanied by bad management of the stock, will not mjure the 
stock. However, it is not advisable as a general policy to graze the ~ 
range in the fall as long as the stock can get enough forage to live 
on. <A little old feed in the spring and early summer may be neces- 
sary to help carry them in case of a late growing season and a 
consequent shortage of new forage growth. Whether the old forage 
to be reserved for use the following year is provided by an earlier 
close of the grazing season than would be necessary if no feed is 
reserved, or by reducing the number of stock without a change in the 

season, depends upon local conditions. 
The close of winter and early spring grazing periods should be 

governed by the main growing period of the vegetation on the range 
in question. If the range is to be kept up and a normal forage crop 
produced over a period of years following, the vegetation must be 
given a chance to grow. This means that stock should be removed at 
the beginning of the main growing season. 
Where yearlong grazing is practiced on range of comparatively 

uniform altitude, the number of stock should be reduced about 50 
per cent during the main growing season of the main forage species 
on the area, and the stock left on the range should be kept well dis- 
tributed. Further study may show that a reduction greater or less 
than 50 per cent will give the best results in total animal feed fur- 
nished each year over a period of years. It may also show that, in 
addition to reduction of stock, a system of deferred and rotation 
grazing may be necessary in order to secure the maximum animal 
feed over a period of years. In the absence of reduction of stock dur- 
ing the main growing season, a system of deferred and rotation graz- 
ing to give the forage on each portion of the range a chance to grow 
to seed maturity occasionally is imperative. 
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SHORTER GRAZING PERIOD AND MORE STOCK. 

The question frequently comes up of shortening an established graz- 
ing period and proportionately increasing the number of stock. If 
the established season is such that the best and fullest use is being 
made of the range in question, any considerable shortening of the 
grazing period will result in waste of forage or overgrazing of the 
forage plants preferred by the class of stock grazed. Tf the estab- 
lished grazing period is not such as to result in the best and fullest 
use of the range, the period should be changed and the grazing 
capacity redetermined after careful inspection. It must be borne in 
mind that plants have their periods of highest palatability and that 
this varies for different important forage plants on the same area. 
Shortening the grazing period, for example, on central Utah range 
by an earlier close would result in great loss of elder* feed, which is 
seldom eaten by sheep in this locality before the first heavy frost. A 
number of browse species ordinarily are only lightly browsed before 
the latter part of the season. To shorten a properly adjusted grazing 
period by setting a later date of opening would likewise result in 
waste of forage from many rapid-growing plants drying up or reach- 
ing a stage of low palatability befere grazing begins. The result in 
either case would be a decrease in the total feed furnished; conse- 
quently, an increase in stock proportionate to the reduction in graz- 
ing period could not be made without danger of overgrazing. These 
suggestions apply, of course, to range in normal condition. Ranges 
partly or wholly depleted of the most desirable forage plants may 
require a later date for opening the grazing season than the date for 
the same range in normal condition. The sacrifice of forage from 
rapid-growing plants is warranted if it will result in improvement 
of the range by increasing the more desirable forage plants. 
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GRAZING CAPACITY. 

Grazing capacity, as used here, means the number of stock of a 
given class or classes which a range unit will support for the period 
of grazing allowed. The ideal sought is the maximum number of 
stock which the unit will support each season over a period of years 
without injury to the range, tree growth, or watershed, or unwar- 
ranted interference with game and recreation. If this ideal is to be 
realized, both overgrazing and unnecessary undergrazing must be 
avoided. 

OVERGRAZING. 

Overgrazing may be definéd as grazing which when continued 
one or moré years, reduces the forage crop or results in an undesir- 
able change in the kind of forage. Such grazing may exist over an 
entire forest, but this is not likely with regulated range use. It may 
exist over an entire large unit of cattle range or sheep range, but 

seldom does. It occasionally exists over small cattle units or indi- 
vidual sheep allotments, as a whole. Most often, however, overgraz- 
ing occurs locally on parts of cattle range or sheep range because of 
poor distribution of the stock or improper handling, or both. 

It is apparent, therefore, that an overgrazed spot on an allotment 

does not mean that the allotment, as a whole, is overgrazed. Nor 
does overgrazing on a few allem as mean that the forest as a whole 
is overgrazed. On the other hand, the fact that the forest, as a whole, 
or a range allotment, as a whole, is not overgrazed does not mean 
that portions of either or both are not, even seriously, overgrazed. 

Usually the difficulty can be remedied by more uniform distribution 
of range by units, better distribution of stock on each unit, and better 
handling of the stock. To get results, however, the man on the 

ground must be able to recognize both overgrazing and undergrazing 

and the causes and remedies for each. 

In determining whether a range is overstocked for any current 
year to a point where overgrazing will result, both the condition of 
the range and the condition of the stock at the close of the grazing 
season must be carefully observed; also the period during which the 
range is grazed is important. If a range, for example, is not grazed 

or is only lightly grazed during the main growing season of the 
‘principal forage plants, but is heavily grazed later in the season, the 
forage suitable for stock may be entirely consumed without damage 
to the range. The same intensity of grazing during the growing 
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season would result in injury to the range. On most ranges, how- 
ever, there is at least a small supply of forage made up of plants of 
which stock will eat very little except in case of necessity. It is best 

to graze the range so that stock will nct be forced to eat this forage 
of low palatability. Close grazing of this class of vegetation there- 
fore is an indication that the range is overgrazed, provided the range 
is suited to the class of stock on it. (See Class Overgrazing.) Un- 
der such conditions the condition of the stock will not be satisfactory 
if grazing has been reasonably well distributed over the grazing 
unit. On the other hand, stock may be thin at the close of the graz- 
ing season without the range being overgrazed if a large part of 
the forage is unsuited to them. 

Perhaps the most common mistake is to assume that because the 

stock are in satisfactory condition at the close of the season there is 
no overgrazing. This may or may not be true. Not infrequently 
stock in good condition at the close of the season are from ranges 
on which there is severe overgrazing. Where this is the case there 
is faulty distribution of grazing, which may be remedied by water 
development, proper salting, riding, fencing, or a change in the class 

of steck. Also, stock may be taken off in good condition from a 
range which has been injured by too heavy grazing during the grow- 
ing period of the main forage plants. 

The point of importance in this connection is that the condition 
of the stock when taken off the range is not in itself a reliable indi- 

cation that the range is not overgrazed. It is true also that no one 
of the other indicators of overgrazing should be taken as conclusive 
evidence that a range is being overgrazed or has been overgrazed in 
the past. Careful examination and observation will usually reveal 
more than one of these indications of overgrazing. 

INDICATORS OF OVERGRAZING. 

Overgrazing for an extended period will leave “ earmarks,” which 
usually will be recognized. To recognize current overgrazing at the 
time of examination on a range previously not overgrazed is difficult 

and yet important in order to make timely adjustment. The follow- 
ing more obvious earmarks are the most reliable indicators of over- 
grazing prior to the year of examination: 

The predominance of annual weeds and grasses, such as knotweed,t 

tarweed,? mustard,? annual brome grasses, and fescues,° with a dense 

1 Knotweed, Polygonum spp. 5 Annual fescues, Festuca megalura, F. 

2Tarweed, Media spp. microstachys, IF. bromoides, F. confusa, 

3 Mustard, Sophia incisa. and perhaps others. 

*Annual brome grasses, Bromus hordea- 

ceus, B. brizaeformis, B. tectorum, and 

others. 

111479°—Bull. 790—19 2 
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stand of such species and lack of variety in species. This condition 
is a severe stage of overgrazing such as occurs around sheep bedding 
grounds which have been used for long periods each year for several 
years in succession. , 

The predominance of plants which have little or no value for any 
class of stock, such as sneezeweed,' niggerhead,? yellowweed,’ snake- 
weed, and gum weed.’ These and similar plants frequently occur 
in abundance over large areas of range and indicate that the range 
needs careful management to give better forage plants a chance to 
grow. 

The presence of dead and partly dead stumps of shrubs, such as 
snowberry,° currant,’ willow,® service berry,® birch-leaf mahogany,” 
and Gambel oak.* This condition usually indicates that the most 
palatable grasses and weeds have been overgrazed. There may be 
some exceptions to this, as in the case of dwarfed willows on ranges 
where grasses predominate above timber line. Sheep sometimes kill 
the willows before the grasses are overgrazed. 

Noticeable damage to tree reproduction, especially to western 
yellow-pine ” reproduction on sheep range and aspen ** reproduction 
on cattle range. Lack of aspen reproduction on a weed sheep range 

indicates overgrazing, provided the natural conditions are favorable 
to aspen reproduction. On a sheep range where grass predominates 
severe injury to western yellow-pine or aspen reproduction may 
indicate that the range is not, well suited to sheep. 

E’'rosion and. barrenness, accompanied by a network of stock trails, 
where formerly there was a cover of vegetation. These are typical 
of areas where overgrazing has reached the extreme stage. 

The earmarks described are, perhaps, more typical of overgrazed 
sheep range than of overgrazed cattle range, but the general appear- 
ance of the two does not differ greatly when overgrazing reaches a 
stage to be recognized by one or more of these earmarks. The main 
differences are in the species of plants indicating the overgrazing. 
Weeds eaten by sheep are often found in abundance on overgrazed 
cattle range; coarse grasses palatable to cattle are often abundant 
on overgrazed sheep range. This fact has given rise to the use of the 
term “class overgrazing.” 

1 Sneezeweed, Dugaldia hoopesti. 8 Willow, Saliz spp. 

2 Niggerhead, Rudbeckia. occidentalis. ® Service berry, Amelanchier spp. 

= Yellowweed, Senecio eremophilus. 10 Birch-leaf mahogany, Cercocarpus mon- 

4Snakeweed, Gutierrezia sarothrae. tanus. 

®>Gum weed, Grindelia squarrosa. 4 Gambel oak, Quereus gambelii. 

6 Snowberry, Symphoricarpos oreophilus. 12 Western yellow pine, Pinus ponderosa. 

7 Currant, Ribes spp. 33 Aspen, Populus tremutloides. 
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CLASS OVERGRAZING. 

The term “class overgrazing” originated in an attempt to desig- 
nate a condition where the character of forage has changed materi- 
ally as a result of continued grazing by one class of stock year after 
year. Where this condition occurs on a cattle range the plants most 
relished by cattle, usually grasses, decrease in abundance, and the 
weeds, less palatable to cattle but choice sheep feed, increase. Just 
the opposite change may take place on sheep range, the choice weeds 
decreasing and the grasses increasing. In either case, a good ground 
cover of plants suited to one or the other class of stock may be present 
after the range has deteriorated and has been reduced in grazing 
capacity for the class of stock allotted to it. This change appears 
to be a natural result where the range is grazed before the forage 
plants mature, because the development of the plants preferred by 
the given class of stock is lessened by grazing and the removal of 
these plants gives the less choice forage plants advantage in tha 
natural competition. 

Whether the change is due entirely to grazing or in part to natu- 
ral factors, the result is not serious if the change is recognized and 
adjustments made so as to maintain the desired balance in forage 
plants—which means maintenance of an effective cover as well as of 
grazing value. This balance can be maintained with the least loss 
of forage by common use by the two classes of stock, as indicated 
under the heading “Determination of Class of Stock to Which 
Range is Best Suited.” Where common use is not feasible a change 
in elass of stock is needed, or deferred grazing should be applied, or, 
as a final resort, the number of stock should be reduced. 

OVERGRAZING OF SCATTERING SPECIES. 

The recognition and adjustment of class overgrazing involves the 
decision as to whether a range should be managed so as to perpetu- 
ate a species which is a very desirable forage plant, but which occurs 
only in scattering stands. This decision must be based upon the 
abundance and palatability of the species in question as compared to 
the abundance and palatability of the other plants which make up 
the forage crop. Good judgment in sizing up the local situation 
rather than any percentage figures on abundance and palatability 
is the essential factor in arriving at a conclusion. It is believed that 

no attempt should be made to graze so lightly that palatable forage 
plants which occur in scattering stands will be perpetuated in their 
original abundance. To perpetuate 10 per cent and waste 70 per cent 
of the available feed would be poor economy. On the other hand, it 
would be more disastrous to overgraze and eventually destroy 50 per 
cent of the forage in order fully to utilize 20 per cent which is low in 
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palatability. This is apt to occur on intensely used ranges. No rule 
of thumb can be laid down for guidance until all forest officers are 
familiar with the forage plants and their comparative palatability. 
The best that can be done is to recognize that an important problem 
exists and to look out for it and study systematically the life history 
and relative economic importance of the different range plants. 

OVERGRAZING THE UNDERGROWTH ON BROWSE RANGES. 

The forage crop on many browse ranges combines grasses and weeds 
with browse plants, the grasses and weeds growing on open spots or 
under the browse species. Grazing the browse as heavily as it will 
stand often results in overgrazing of the grasses and weeds. It is 
difficult to decide where to draw the line so as to maintain the most 

satisfactory combination. Data suitable for the basis of a definite 
rule are lacking and would be difficult to obtain, owing to the many 
variations in the combination of browse and herbaceous forage. It 
is hoped that intensive studies of browse range can be undertaken in 
the near future. A few suggestions, however, may be advanced at 
the present time. 

Many species of browse are grazed by both cattle and sheep 
early in the spring when they first leaf out and again in late 
fall and winter, rather than during late spring and summer. This is 
partly explained, perhaps, by the greater abundance and succulence 
of grasses and weeds during the late spring and summer than in early 
spring, fall, and winter. In some cases this fact can be taken ad- 
vantage of to increase the grasses and weeds by deferring grazing on 
the area until after the grasses and weeds have matured seed. The 
browse forage can then be utilized. 

Where the palatable grasses and weeds make up approximately 25 

per cent or less of the forage and are distributed throughout the 
browse they should be sacrificed so long as the grazing does not result 
in erosion, but care should be taken to watch this point, as it may 
occur while there is still unused browse feed. Where this 25 per cent 
of grasses and weeds is concentrated in small parks rather than dis- 
tributed throughout the browse, hghter grazing of the area as a whole 
will be necessary, or denudation and erosion may result on the open | 
jands and extend into the brush. Where the grasses and weeds make 
up approximately 50 per cent of the forage, grazing should be man- 
aged so as to perpetuate the herbaceous forage. In either case there 
will probably be unused browse feed except where the browse is made 
up of choice forage species. The surplus feed, however, will be an 
advantage as reserve feed for occasional years when conditions are 
unfavorable to forage growth. 

The foregoing paragraph applies to the browse types usually at 
low altitudes in the woodland or below. On browse types following 
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F-6—WRC 

Tig. 1.—Lack of aspen reproduction and absence of leaves as high as cattle can reach on 
overgrazed cattle range. 

F-7—WRG 

Fig. 2.—Dead and partly dead willows on cattle range. A good indicator of overgrazing. 
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burns in conifer timber the object should be to restore the timber 
species, and grazing should be adjusted accordingly. 

MAIN CAUSES OF OVERGRAZING. 

Tf it is decided that an area is being overgrazed, the next step is 
to determine the cause, as a basis for remedial measures. The prin- 
cipal direct causes of overgrazing on National Forest ranges at the 
present time are too early grazing, poor distribution of stock, too 
many stock, and improper handling of stock. 

Too early grazing by cattle is perhaps the most far-reaching cause 
of overgrazing on National Forest ranges at the present time. The 
practice too frequently has been to turn cattle loose on the low range 
adjoining the Forest lands or within the Forest and allow them to 
drift to higher altitudes as the snow line recedes and forage growth 
comes on. This practice has resulted in the grazing of range before 
the main forage plants have had two weeks of growth, which is be- 
lieved to be the minimum period proper to allow between the begin- 
ning of growth and the beginning of grazing. 

Usually the remedy is apparent but dificult of application. First, 
the beginning of the grazing period should be established in accord- 
ance with the suggestions on page 11, on Grazing Periods; second, 
there must be control at the Forest boundary to prevent the stock from 
drifting on the range before the date decided upon for the opening 
of the grazing period; and, third, there must be some form of control 
to prevent stock from leaving the low range too early and following 

the snow line to higher altitudes. Fences eventually, no doubt, will 
be constructed to control the stock. Meantime control by salting and 
riding should be exerted to the maximum extent practicable. 

Too early grazing is not so common with sheep as with cattle. 
Lambing ranges, early spring ranges, and, occasionally; portions of 

high summer range, however, are grazed before the main forage 
plants have had two weeks of growth. The remedy again is obvious, | 
though difficult to apply until lambing facilities are better adjusted 
to the changed condition of limited lambing range. The fact to 
recognize and face is that the small acreage of lambing and early, 
spring range can not be stretched to meet increasing demands. It 
has its limit beyond which it is bad policy for the man permanently in 
the sheep industry to go, even if he is permitted to do so. 

Poor distribution of cattle and lack of uniformity of sheep graz- 
ing on the individual allotments, next to too early grazing by cattle, 
are the important causes of overgrazing at the present time. The 
range assigned to a given number of cattle or to a band of sheep in 
most cases will provide them with suflicient forage. The difficulty 
lies in getting them to use fully the more remote, least accessible 
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portions of the range without abusing the portions more easily 
reached. This difficulty can be overcome or minimized by mmproved 
methods of salting, herding, fencing, and development of water, as 
discussed in detail under the heading, “ Management of Cattle on the » 
Range.” If these means are not successful, the number of cattle 
should be reduced. To prevent waste of fod which the cattle will 
not use, common tse may be necessary. 

More uniform use of sheep allotments is possible only through 
conscientious effort on the part of local forest officers, sheep owners, 
and herders to bring this about on all parts of each allotment. With- 
out this the only way to remedy overgrazing is to reduce the number 
of sheep. 

Overstocking undoubtedly was one of the main causes of the 
rapid deterioration of many ranges before they were placed under 
regulated grazing. It is believed, however, that most of the 
range units within the National Forests will support the stock 
now allotted to them if the grazing periods, distribution of stock, 
and the methods of handling the stock are reasonably well adjusted. 
If careful consideration of a recognized case of overgrazing shows 
that these factors are properly adjusted and overgrazing ts still going 
on, then a system of deferred grazing should be applied; and, if 
effective carrying out of the system demands it, the number of stock 
should be reduced. Where overgrazing has resulted in denudation 
and erosion which has reached the stage of shoestring gullying, no 
grazing should be allowed until the damage is largely repaired and 
the cover of vegetation restored. ‘To temporize in such cases. in 
order not to disturb the local stock industry will hurt the local in- 
dustry in the end, as delay increases the total protection necessary 
to build up the range. 

Improper hendianes of stock on the range causes overgrazing, partly 
through lack of proper distribution. There are, however, a few 

features of improper handling which may result in severe local over- 
grazing on range where the stock are reasonably well distributed 
over the allotment as a whole. For example, though all portions of 
a sheep allotment may be used, the practice of bedding sheep six or 
more nights in the same place over a period of years will result in an 
area of from one-eighth to one-fourth of a mile around the bedding 
ground being overgrazed, sometimes disastrously.t The three-night 

bedding rule will help to overcome this difficulty, but will not en- 
tirely do away with it if three nights in the same camp, year after 
year, accompanied by trailing out from and back to the camp in late 
morning and early evening hours, is the rule rather than the excep- 

tion. If one-night bedding, with the sheep away from the bed in 

1 Sampson, Arthur W., “ Plant Succession im Relation to Range Management,” U. 8. 
Dept. of Agriculture, Bul. 791, 1919, 
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early morning, is the rule, and three-night bedding the exception, 
damage can largely be avoided. Overgrazing in spots by sheep 
occasionally results from shading up for hours during the day on 
areas where timber is scattering. The lack of shade results in the 
use of the same shade. ground to excess. The remedy is to follow 
conscientiously the bedding-out system of handling sheep and to take 
care that no area is used to excess. 

Cattle range may be provided with watering places and salt 
grounds which will largely eliminate local overgrazing. However, 
careful study is essential to locate salting grounds so as to help cor- 
rect the tendency to excessive use of saddles, or natural passes, and 
flats, which at best will be used more than the average of the range. 
Care in distributing the cattle over the range when they are first. put 
on and riding during the grazing season to keep them distributed 
will help much. | 

In the handling of goats the general principles outlined for the 
handling of sheep will serve as a guide. For more complete infor- 
mation Department of Agriculture Bulletin 749+ should be consulted. 

UNDERGRAZING. 

A general failure to secure full utilization of forage where a range 
is accessible is usually due to an insufficient number ot the class or 
elasses of stock to which the range is best suited. One class of stock 
might utilize fully the forage suitable to them, while forage suitable 
to another class of stock was being wasted. Additional stock of the 
class on the range would result in overgrazing. The solution is com- 
mon use by the classes of stock to which the range is suited. 

Localized undergrazing in most cases 1s due to lack of proper dis- 
tribution of cattle or to failure to secure uniform use of the range 

by sheep. The remedies are, first, to make sure that the allotment 
boundaries are loeated so that full utilization is feasible, and then 
to work for the desired distribution of stock and uniform grazing 
by improved salting plans, water development, fences, bridges, stock 

. trails, and riding. 
GRAZING-CAPACITY ESTIMATES. 

The grazing capacity of a range unit over a period of years is 
greatly influenced by the extent to which the suggestions given under 
overgrazing and undergrazing are applied. 

AREAS OF NO GRAZING VALUE. 

The area of no grazing value within range units and within 
National Forests varies from zere to over 50 per cent of the total 

1Chapline, W. R. “ Production of Goats on Far Western Ranges,” U. S. Dept. of 

Agriculture, Bul. 749, 1919. : 
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acreage. It is made up of (1) areas which produce no vegetation 
palatable to stock or so little that its use for grazing is not feasible; 
(2) areas which produce forage, but on which grazing is not prac- 
ticable because of fallen timber, ruggedness, or too dense timber or 
brush; and (8) areas of good range, inaccessible because the cost of 
,making them available for use is unwarranted by the value of the 
forage to be secured. 
Where the lands of no grazing value are in one body it is not diffi- 

cult to exclude them in estimating grazing capacity. More often, 
however, they are distributed in small areas, or small areas of graz- 
ing value occur along drainage within larger waste areas. The out- 
standing fact is that lands of ne grazing value may exist in sufficient 
area to make figures for grazing capacity of a unit or Forest on an 
acreage basis meaningless until these lands are excluded from the 
estimates. 

The first problem in estimating grazing capacity of a large Forest 
or of a large range unit, therefore, so far as there is a first problem, 

is to get at the acreage which supports forage and can be grazed. 
A range classification ef the Medicine Bow Forest, for example, 
shows that 246,458 acres out of a total of 469,786 are not suited to. 
the grazing of domestic stock. Pending a reconnaissance survey, 
advantage should be taken of every opportunity in connection with 
range inspection and range administration to secure similar figures 
for other forests. On many Forests the data must be collected in this 
way if it is to be secured in a reasonable length of time. 

VARIATION IN AMOUNT OF FORAGE PER ACRE, 

Variation in the amount of forage per acre on the land actually 
used for grazing may be so great as to require from 10 acres to 100 
acres to support a cow throughout the year. Such extremes rarely, 
occur on ranges of the National Forests after the area of no grazing 
value is excluded from the estimates. A variation of 100 per cent, 
however, not infrequently exists on a single unit. This fact confronts 
the range examiner in making grazing-capacity estimates after he has 
excluded acreage of no value for grazing. ~ 

If forage production, or grazing capacity, were always uniform 
over any considerable acreage, close approximation in estimates 
would not be exceedingly difficult; but on the rugged mountain ranges 
variation may be frequent and great on account of abrupt changes in 
altitude, exposure, slope, soil, and moisture. The solution of the 

problem is not obvious. 

VARIATION IN AMOUNT OF FORAGE IN DIFFERENT YHARS. 

Areas within the National Forests generally are not subject to the 

great variation in forage production which may occur on desert and 

——— 
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semidesert ranges. That there is considerable difference in the quan- 
tity of forage produced in good years and in years unfavorable to 
plant growth, however, is certain. Estimates of grazing capacity 
should be based as nearly as possible upon forage production in 
average years. If this is done the occasional years of low forage pro- 
duction can be tided over without unwarranted injury to the range. 
tf necessary, the stock can be removed a little earlier than in average 
years. Stockmen usually will do this of their own accord. The good 
years will serve to keep the vegetation up to standard by more vig- 
orous growth and perhaps by natural reseeding. Surplus forage can 
be used by allowing the stock to remain on the range longer at the 
close of the season where weather permits. Where the grazing period 
is long and it is obvious at an early date that there is going to be an 
abnormally’ good forage crop with a surplus of forage, additional 
stock might be accommodated for temporary grazing to rest ranges at 
lower altitudes. The essential point is not to be led astray in grazing- 
capacity estimates by either the low forage production in poor years 
or the high forage production in years above the average. The small 
surplus of forage at the close of the grazing season should not oc- 
casion uneasiness on the part of forest officers. Slight understocking 
is far better for both the range and the stock than overstocking, 
however small. 

RELATIVE PALATABILITY OF FORAGE PLANTS. 

The palatability of the plant species which make up the available 
forage on a range is an important factor in the division of range 
between different classes of stock, Division of range, however, on the 
large mountain areas must be along rather broad lines and not on the 
basis of a few head. If common use is resorted to, and sheep are 
placed on cattle range to utilize weed feed unsuited to the cattle, there 
must be enough of this feed to accommodate a band of sheep, perhaps 
a minimum of 1,000 under present practice in range sheep manage- 
ment. Proportionately smaller numbers of cattle might be placed 
on a sheep range, but they would not travel over all parts of the 
range and use the forage unsuited to sheep. At best, then, there may 
be, and usually will be, a portion of the least palatable forage unused. 
The quantity will vary with the proportion and distribution of for- 
age low in palatability. If it dominates on areas large enough to 
warrant use by another class of stock, common use may result in 
close utilization. If the forage of low palatability to the class of 
stock grazing is distributed throughout the range, little use can be 
made of it without overstocking. 

This factor in estimating grazing capacity is emphasized here as a 
measure of precaution, because ranges have at times been reported 

as not fully stocked when vegetation of low palatability was left at 
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the close of the grazing season. No doubt grazing capacity of other 
ranges has been overestimated on this account and the number of. 
stock increased, to the detriment of the range. 

CONDITION OF THE STOCK. 

Whether grazing capacity of National Forest ranges should be ad- 
justed to produce fat stock or stock suitable for the feed yards is 
sometimes in question. The answer depends upon the character of 
the range and the demand for range to take care of stock for which 
feed is available locally for the remainder of the year. 

Some National Forest range does not furnish forage suitable for 
producing fat stock in the sense of stock ready for the beef and mut- 
ton market, unless the range is so much understocked that the animals 
graze largely upon the choice forage and leave the rest. 4n the stock- 
man’s term this is “topping the range.” On some ranges the combi- 
nation of forage, water, salt, and topography may be such that the 
dry stock will become fat athe the range is stocked as heavily as it 
should be, provided the beef stock are removed before the last part. 
of the season when the forage is getting low. 

Where more stock are produced and properly provided for during 
the remainder of the year than can be taken care of on the summer 
ranges, it is doubtful economy to deprive part of them of range in 
order to produce maximum gains on others. To stock a range so 
heavily as to retard the growth of young stock and keep the majority 
of the breeding stock thin would be unfair to the stock owners and 
dangerous to the range. If by “ feeders” 1s meant stock in good flesh 
at the close of the season, the policy of grazing to produce feeders 
may be oe under conditions where local demand for range and 
the supply of fall, spring, and winter feed are in excess of available 
summer range, provided the surplus feed can not be disposed of to 
advantage except by feeding it to live stock grazed on near-by range. 
In general} continued stocking of a range so that the stock will come 
off in poor condition, due to shortage of forage, will result in de- 
terioration of the range. The whole question has dangers, and de- 
cision should be made only after careful consideration, keeping in 
mind. fist the permanent welfare of the range. Ordinarily, the best 
policy 4s to stock the range so that beef and mutton will be turned off 

im 2 fall unless the range is of a character not suited to producing 

fat Atock. 

EFFECT OF GRAZING UPON TIMBER GROWTH AND WATER SUPPLY. 

Grazing-capacity estimates may have to be adjusted locally to 
avoid unwarranted damage to timber reproduction or to a watershed 
on areas where exclusion of grazing is not deemed necessary, but 

where the possibility of unwarranted damage is greater than for the 
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range as a whole. The main precautions necessary and the reasons 
for them are presented on page 66. 

ACREAGE REQUIRED FOR SHEEP AND CATTLE. 

A number of grazing-capacity studies have been conducted to 
determine the minimum acreage required to support a cow or sheep 
through the grazing season. The acreage grazed over, the intensity 
of grazing, the length of the grazing season, and the methods of 
management of both range and stock have been closely observed and 
recorded by men giving special attention to the work. To supple- 
ment these special studies, the data secured from grazing recon- 
haissance surveys during the past six years have been carefully 
analyzed. The data from the two sources appear to be consistent 
enough over a wide range of territory to warrant conclusions as to 
the approximate average acreage requirement for cattle and for 

sheep. It is believed that the figures which follow will be of mate- 
rial value in bringing about greater uniformity in the quantity of 
usable forage made available for each animal or for each band or 
herd over individual Forests and over the Forest ranges as a whole. 
Té is not intended that they should apply to a small range unit or 
pert of a unit with the accuracy finally desired. The first big step, 
however, in adjusting grazing capacity is to equalize the distribution 
of forage and stock over large units. After this 1s done the final 
grazing capacity on individual ranges will have to be worked out 
by adjustments from time to time over a period of years wntil the 
number of stock is such as to utilize all the forage as closely as it 
should be used on the individual range, all factors considered. 

ACREAGE FOR SHEEP. 

Fifty-six sheep allotments on summer range have been carefully 
studied during the past few years. An average of 2.5.acres, or 0.79 
forage acres,’ was required to support 1 mature sheep or 2 lambs 

17The variation in amount of forage per acre and the relative palatability of forage 

plants are important factors in determining the amount or volume of forage which stock 

can be expected to use on a given range, and consequently in determining the grazing 

eapacity of the range in question. To determime the comparative amount of forage by 

range reconnaissance methods, the range is elassified into types, and for each area of a 

given type the stand of forage which stock should use is estimated. A complete ground 

cover made up of vegetation palatable to stock is represented by 1.0. Variation from ihis 

standard is represented by the decimals 0.95, 0.90, 0.85, and on down to 0.1. The actual 

acreage of a given area multiplied by the decimal representing the stand of forage gives 

the amount of forage which it is estimated that stock will seeure. For example, on an 

area of 100 acres, where the forage factor is estimated at 0.5, there are 50 units of 

forage produced. The unit of measure in this case is ealled a forage acre, and in the - 

example giyen there are 50 forage-acre units on the 100 surface acres of range. This 

method of arriving at the grazing capacity of range is not in general use and therefore 

is not emphasized in the text. It is used, however, By grazing experts who have been 

trained in range reconnaissance surveys and estimates, and for this reason the forage- 

acre requirements of range stock are given. 
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for an average grazing period of 72 days. The figures do not 
include lands of no value for grazing. ; 

The ranges studied include sheep allotments on choice summer 
range of Montana, inferior timber and brush ranges of Idaho and 
Utah, and ranges of about average value in these States and in 
Oregon and Wyoming. 
The sheep under observation were all ewe and lamb bands. Two 

lambs were considered the equivalent of one mature sheep. The 
bands contain an average of 58 per cent of lambs. The ratio of two 
lambs to one mature sheep is an arbitrary one, since no data are 
available to show the relative forage consumption by lambs and by 
their mothers on summer ranges. To use this ratio, however, and 
include the lambs is better than to disregard the lambs, because the 
percentage of lambs may vary greatly. 

‘ The average lamb crop for the far western range States as given 
by the United States Tariff Board? is 70.8 per cent, with Washington 
the highest-at 92.5 per cent and Arizona lowest at 59.3 per cent. 
The general average has probably been increased slightly since this 
report was issued, so that to figure on a 75 per cent average lamb 
crop in using the grazing-capacity figures given will be within the 
general margin of accuracy and uniformity of grazing estimates and 

methods. 
Tf such a thing as a uniform measure of grazing capacity can be 

used, it would appear from close study of the tests conducted, and 
from similar figures deduced from range reconnaissanee surveys, that 

- 0.01 forage acres per head per day is about right for range suited 
to sheep grazing. This would be equivalent to about 0.03 surface 
acres per head per day, exclusive of range having no value for graz- 
ing, or about 3 surface acres for a grazing period of 100 days. 

ACREAGE FOR CATTLE. 

_ A high, open, rolling range on the Lewis and Clark National Forest 
in Montana supported one cow to every 7.37 surface acres, furnishing 
2.65 forage acres per cow for a period of 100 days. ‘This is at the 
rate of 27 surface acres, or 9.69 forage acres per year. 
On cattle ranges of southern Idaho 10 surface acres, furnishing ap- 

proximately 4 forage acres, was found to be the minimum required 
for one cow over a period of five and one-half months.. This range 
is well watered and was closely utilized. 

Good grass foothill pasture of the Santa Rita Range Reserve in 
southern Arizona has furnished an average of 365 cow-days’ feed 
annually over a period of years on an average of about 14 acres. 
Each year during the main growing season the number of stock was 

1U. S. Tariff Board, Wool and Manufactures of Wool, Vol. II (pt. 2). H. Doc. No. 342, 
62d Cong., 2d sess., 1912. 
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reduced about 30 per cent below the average for the year, to give the 
vegetation a chance to grow. Otherwise, grazing was yearlong. 
Utilization was closer than can be expected on open range. 

Studies of grazing capacity on the Jornada Range Reserve in 
southern New Mexico led to the conclusion that the grass range will 
support one cow on 20 to 380 acres, depending upon the acreage 
of poorer range types which occur within the grass type. These 
figures are computed on a yearlong basis, but with the understanding 
that the number of stock will be reduced during the main growing 
season, July to October, to about one-half the average number for 
the year. With the relatively close utilization possible under fence 
on the Jornada Range Reserve it is figured that approximately 8 
forage acres per cow yearlong will be sufficient. 

In general, the grazing-capacity figures indicate that about 2 to 24 
acres per cow per month is as near an average as can now be arrived 
at for cattle range suited to this class of stock within the National 
Forests. This, of course, is the acreage required exclusive of lands 
of no value for grazing except the occasional small patches of waste 
within usable range. With this average as a guide, the examiner can 
judge whether range is exceptionally good or inferior and can adjust 
his estimate accordingly. Where available forage is estimated in 
terms of forage acres, an average of about 0.8 forage acres per cow 
per month should be allowed. If utilization is complete and close 
over the entire area, as it usually is in pastures, 0.7 of a forage acre, 

or a little less, per head per month should be sufficient. 

COMPARISON OF ACREAGE REQUIRED FOR SHEEP AND FOR CATTLE, 

Considering the general difference in the forage suited to sheep and 
cattle, it is evident that there is no constant relation between the 

grazing capacity of a range for sheep and the grazing capacity of 
the same range for cattle. By careful division of the range between 
different classes of stock, as outlined on page 3, the justification for 
change in class of stock on a general range is largely done away with. 
Some ranges, however, may be used to advantage by either sheep or 
cattle. A change from one class to the other can never safely be 
made in an individual case on a previously decided or fixed ratio. 
The ratios used in the Grazing Manual of the Forest Service? are 
based on general averages and are intended for application to the 
special case of change in class of stock, provided the grazing capacity 
of the range in question for the new class of stock warrants the use of 
the standard ratio. The grazing capacity of the range in question for 

1 Jardine, James T., and Hurtt, L. C., Increased Cattle Production on Southwestern 

Ranges, U. 8. Dept. of Agriculture, Bul. 588, 1917. 
2U.S. Forest Service. National Forest Manual; Regulations and Instructions, Grazing 

Section. 
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the class of stock to be allowed by the change should be determined 
by careful inspection of the range. 

GRAZING CAPACITY AS AFFECTED BY MANAGEMENT OF THE STOCK. 

The grazing-capacity figures given apply to conditions of average 
management as regards distribution and control of cattle and herd- 
ing of sheep. It should be remembered that with poor distribution 
of cattle or close herding and driving of sheep to and from a central 
camp from 10 to 20 per cent more range will be required, depending 
upon the extent of poor management. On the other hand, a decrease 
of 5 to 15 per cent from the average figures should result from 
an approach to the ideal in management of the stock on the range. 
How to approach the best that can be expected in the handling of 
stock on the range is explained in later paragraphs on cattle manage- 
ment and sheep management. 
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MANAGEMENT OF CATTLE ON THE RANGE. 

Control over the numbers and distribution of steck is a funda- 
mental requirement of regulated grazing and effective range man- 
agement. Many of the difficulties involved are brought out m the 
preceding pages because the action recommended there is often 
directly dependent upon this control. In turn, the discussion which 
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follows apphes to the management of cattle after the range has been 
divided among different classes of stock, the grazing period fixed, 
and the grazing capacity decided upon in accordance with the sug- 
gestions given. 

CONTROLLING THE NUMBER OF CATTLE. 

Until the number of cattle actually grazed and the period of graz- 
ing are the same as the number and period authorized, the most 
efficient use of the range is not assured. This apples not only to a 
National Forest as a unit, but to each subdivision of the Forest which 
is considered as a unit of management. A National Forest as a whole 
may not be overstocked, in fact, may be understocked, and yet large 
subdivisions of it may be overstocked. The problem, then, involves 
control at the boundary of the Forest and control by individual units 
within the Forest. 

CONTBOL AT FOREST BOUNDARY. 

Lack of satisfactory control of cattle at the boundaries of Forests 
has resulted in both premature grazing and overstocking on nearly 
every National Forest where cattle are grazed in large numbers. The 
main difficulty lies in the fact that with few, if any, exceptions there 
is unfenced range adjoining the Forest lands. 

Tn localities where the stock are fed during the winter they usually 
are turned on the open range soon after the snow is off and later drift 
on the Forest land before the range should be grazed. If the num- 
ber turned out is in excess of the number the Forest range will sup- 
port, it is almost certain that the Forest range will be overstocked at 
some time during the grazing season. 
_In a great many cases “on and off” permits are issued to cover 

cattle which graze a range unit part of which is outside of the Forest 
boundary and part inside. The range outside may have a grazing 
capacity equal to the area used inside. The Forest range, however, is 
usually higher m altitude, and in a great many places the forage and 
water facilities are better than on the adjoining lands outside. As a 
result, the stock will naturally use the range on the Forest more than 
the range outside. To issue an “on and off” permit on the basis of 
50 per cent of the grazing to be on the Forest and 50 per cent off does 
not remedy the situation. Nor will it be remedied by issuing a per- 
mit for 75 per cent of the stock on the Forest, as this would authorize 
overstocking. 

The most effective remedy is to fence the Forest boundary. All 
Forest boundaries, however, can not be fenced in the immediate 
future. In the meantime, measures should be taken to protect the 
range. In some instances the grazing can be equalized by proper 

distribution of salt, salttmg heaviest on the outside range if neces- 
sary, and by riding to help keep the stock distributed. 
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Each local case where control of cattle at the boundary of the 
Forest is involved may have its peculiarities. In all, however, close 
cooperation between forest officers and the owners of the stock is 
imperative to secure good results. Forest officers should take the 
lead and work out some plan for proper use of the Forest ranges. 
Difficulty of adjustment should not stand in the way of action, be- 
cause the construction of fences is always a possibility. 

CONTROL BY RANGE UNITS WITHIN A FOREST. 

With assured control of the number of.stock entering the Forest 
and of the time that they enter, there still remains the big task of 
control to secure distribution so as to equalize grazing, prevent stray- 
ing and loss of stock, and minimize the riding necessary and keep 
it at least within practical limits. Consequently, it is necessary to 
divide the cattle range within a Forest, or, for that matter, any large 
area of cattle range, into smaller units of management. What shall 
be the basis of this division, all factors considered? The importance 
of this question and its bearing upon future management of the range. 
and stock are not always Deprecated! 
A number of important, somewhat conflicting, factors are in- 

volved : 
1. To secure maximum production of stock on the range over a 

period of years some form of deferred and rotation grazing is imper- 
ative. Any plan for control of stock by units should provide, there- 
fore, for deferred and rotation grazing eventually. _ 

2. The segregation of breeding stock from dry stock on the range 
is an important item in the production of beef and will help to 
increase the calf crop. 

3. Frequently there is great range in altitude and consequently 

great variation in the time at which different parts of the range on 
a single watershed should be grazed. Consequently, as pointed out 
in the paragraphs en period of grazing and natural reseeding, pro- 
vision should eventually be made for dividing late spring and early 
summer range from midsummer and late summer or early fall range. 

4. Boundaries of comparatively large units on ranges within the 
National Forests can usually be chosen so as to take advantage of 
natural barriers, high ridges, and streams and thus minimize the 
fencing necessary to control the stock. On the other hand, distribu- 
tion ce stock is easier to obtain on small controlled units than on 
gies units. 

5. Individual owners of stock naturally prefer to run their stock 
cs is from that of other owners, and in many instances are pre- 
pared to construct fences for this purpose. Units to take care of 
individual permittees, however, interfere with proper management 
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of the range and stock as a whole, except where the range of the 
individual is clearly a distinct natural grazing unit. 

6. As a rule, the range lands are low in grazing capacity com- 
pared with farm pastures. Consequently, the number of stock con- 
trolled, rather than the acreage controlled per mile of fence, usually 
decides whether the cost of fencing is warranted or not. The excep- 
tions are fenced areas for holding beef stock while they are being 
gathered, for pure-bred registered stock, for weaning calves, and for 
saddle stock. 

It is obvious that these important factors can be incorporated in 
the final plan of management only by looking ahead and working 
out a comprehensive plan for the development and use of the range. 
Otherwise a beef pasture, calf pasture, or individual fenced range 
of to-morrow will interfere with segregation of breeding stock and 
dry stock, or with divisions for proper seasons of grazing, or de- 
ferred and rotation grazing next year or later. 

As a matter of fact, the features of management outlined in num- 

bers 1, 2, and 3 are becoming more and more important and should 
be given first consideration in working out plans for future control 
and management of the range. To insure the incorporation of these 
principles in the management of the range and stock on lands of low 
grazing capacity necessitates management by comparatively large 
units, otherwise the expense of the necessary control will be unwar- 
ranted. 
On ranges within the National Forests the division of cattle range 

into units should ordinarily be by watersheds, where practicable, in 
order to take advantage of topographic features which will aid in 
controlling the stock. Watersheds, however, are not always satis- 
factory units. They may be too large or too small for effective man- 
agement. It is difficult to define what too large or too small means 
as regards acreage; for variation in altitude, in topography, in the 
shape of the area, and in the character of forage and cost of con- 

trolling the stock are important. Ordinarily, however, a unit which 
will support not more than 3,000 head nor less than 1,000 head of cat- 
tle should be satisfactory. There will be individual units larger, and 
some smaller, which clearly should be managed as units. 

Just where the division lines should be is often influenced by com- 
munity interest. It is obvious that cooperation of permittees in the 
handling of the stock and the range is necessary to successful range 
management. So far as practicable, therefore, the cattle units should 
be such as to group the stock by communities, so that it will be pos- 
sible for the owners to organize into an effective, active stock associ- , 
ation with unity of interests. This factor is of increasing importance 
as range management becomes more intensive. The grouping of 
community stock, therefore, in many cases may be of sufficient im- 

111479°—Bull. 790—19—_3 
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portance to warrant variation from what would seem to be the most 
desirable natural unit range division, so far as topography is the 

deciding factor. 
The important feature of this whole question of cattle units is to 

look into the future and plan with a view to the management desired, 
rather than to act “piecemeal” from day to day on separate phases 
of management. A comprehensive plan of management embodying 
the principles outlined will be a necessity in the not-distant future. 
Such a plan, to be lasting, should be by units which will remain per- 
manent, as far as this is practicable. The community unit for cattle 
range, conforming to natural topographic divisions, appears to offer 
thse greatest possibilities for permanency and for comprehensive 
plans of range development and management which will make pos- 
sible, eventually, the application of fundamental principles of range 
and live-stock management, and yet be practicable as regards cost, 
both for development and for administration. The personnel of the 
users may change, but the unit and its management should not. 

As soon ds such units are established with assurance of reasonable 
permanency, constructive work should begin on means of preventing 

drift of stock from one unit to another. As in the case of control 
at the boundary of the Forest, the final control by units will be 
obtained by a combination of fences and natural barriers. Pending 
the construction of necessary fences, however, reasonably effective 
control of stock can be secured by care in salting, watering, and rid- 

ing to get the stock accustomed to their home range. Cattle once 
thoroughly accustomed to using a given range are not inclined to 
drift far. Stock placed on a new range and young stock born on 
the range must be carefully watched during at least one year to 
prevent drift. Salt should not be placed near the dividing line 
between two units; stock should not be driven from one unit to 

another during a round-up; if they are moved they should be returned 
to their home range; if a few head of stock become accustemed to 
drifting from one unit to another they should be got rid of as soon 
as practicable, as one old cow may lead a number of young stock off 
the range and cause unwarranted expense for riding and loss frem 
straying. 

DISTRIBUTION OF CATTLE WITHIN A UNIT. 

Once range-management units for cattle are established and the 
numbers of stock and period of grazing are under control on each 
unit the problem is to secure the best use of the forage on the indi- 
vidual unit. This involves grazing at the proper time, as well as 
full, uniform grazing over all parts of the unit. The means of arriv- 
ing at both these ends are proper salting of the cattle, development 
ef watering places, construction of fences, construction of stock 
trails, and attention by riders. 
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SALTING, 

Proper salting of cattle aione can not be expected to correct all of 
the natural faults in distribution of cattle on a range, but, everything 

considered, salting offers the greatest possibilities for bringing about 
immediate improvement throughout cattle ranges within the National 
Forests. This is due in part to the feasibility of working out and 
putting into application improved salting plans without delay. 

While water often is not to be had where it is desired, the proper 
location for fences is uncertain, and both water development and fence 
construction involve great expense compared with salting. There is 
no more immediately important grazing work, therefore, to which a 
forest officer may devote his time than securing proper salting of the 
cattle on range units under his supervision. 
Amount of salt—Cattle should have from 1 to 2 pounds of salt 

per month while on the range, ordinarily 2 pounds per month while 
the vegetation is succulent and 1 pound per month during the re- 
mainder of the season. 
Kind of salt—Crystal sack salt, compressed salt, and rock salt are 

used for cattle on the range. Stockmen differ in opinion as to which 
of these kinds is best for the cattle and most economical. Crystal 
sack salt, usuaily called stock salt or coarse salt, as distinguished 
from dairy salt or fine salt, appears to be gaining in popularity. It 
can be distributed so that many cattle can get salt at one time, while 
a large block of rock salt may be monopolized by one cow fer an hour 
or more. Care must be exercised, of course, to prevent cattle exceed- 
ingly hungry for salt from having free access to such salt troughs. 

Salt containers—Sack salt fed to cattle on the range is generally 
placed in long troughs, in wooden boxes, on rocks, or on the ground. 
The practice of using sait logs or salt boxes is rapidly growing and 
no doubt will be general within a few years. Where logs are avail- 
able on or near the salting place selected, the log-trough container 
is the most economical and most satisfactory, all things considered. 
A log large enough so that the top will be about 30 inches above the 
ground is best for cattle. The animals will then feed from both 
sides; more animals can feed at one time than at a smaller log; and 
there will be less crowding and less chance for the salt to become foul. 
Where logs are not readily available, salt troughs made of lumber 
are used extensively. Where transportation is not difficult troughs 
can be made in town or at the ranch when labor is not occupied at 
other work. This is sometimes an advantage over log troughs, which 
must be made on the range when other work may be pressing. 

Figures 1 and 2 show sketches of salt logs and salt troughs which 
have given good service. 
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Distribution of salt—Salting places should ordinarily be located 
so as to draw the cattle away from watering places and other areas 
where they naturally congregate and overgraze the range. Where 

new dirt storage tanks have been built it may be advisable to depart 
from the general rule and salt at the tanks temporarily, so that the 
stock will tramp the bottom of the tank and thereby help to make 
it hold water. The main object should be to secure uniform utiliza- 
tion of range between salt and water over the entire range unit. 
The distance of salt from water will depend upon water distribution 
and topography. No set rule can be laid down. The problem must 
be worked out on the individual range unit so as to secure the most 
uniform grazing possible and limit as far as practicable congrega- 
tion of stock and overgrazing around water holes, salt grounds, and 

SALT BOX 
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natural passes. Ordinarily, salting places should not be more than 
1 mile apart, and occasionally salting places well chosen at distances 
less than 1 mile apart will result in the use of range which otherwise 
would not be grazed until the more accessible parts are overgrazed. 

The amount of salt for any salting place should be based upon 
the grazing capacity of the range to be used from the salting place. 
If, for example, such a range is expected to support 50 cattle for 
one month early in the season, the amount of salt put out should be 
100 pounds, or for the same range late in the season, 50 pounds. 
The amount of salt for each salting place should be worked out on 
this basis. If it does not conform to the grazing capacity of the 
range intensity of grazing will not be uniform. 

The stockmen who use the range should cooperate in the selection 
of salting places. As nearly as possible the sites selected should be 
satisfactory to them. The deciding factor, however, should be the 
best use of the range and not the wishes of the users. The results 
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secured from proper salting will overcome many objections which 
appear to be well founded in the beginning. 
Naming, numbering, and marking salt grounds.—Salt grounds are 

sometimes marked by a signboard bearing the name or number, or 
both. This is of advantage in formulating and following out a writ- 
ten salting plan. The cost of marking the many salt grounds which 
should be selected and used, however, would consume more time than 
is warranted for the present. Further, it is difficult to plan a system 
of salt grounds so that the site first selected will prove satisfactory 
in every case. Changes from time to time may be advisable as the 
system is perfected. There is a possibility, also, that the location of a 
salt ground may have to be changed occasionally to prevent unwar- 
ranted injury to the range, 

SALT LOG 
The sa/t ‘cups’in this type of sal* 
log should be sirrilar 17 Cross 
section fo the trough of Figure /. 

ree 2) 

On the other hand, a system of selting places such that a written 
salting plan can be prepared and followed is essential in securing 
proper salting without unwarranted supervision. A few important 
salting places in each set might be marked by a signboard bearing 
the name and number, or just the number. These would serve as 
landmarks in describing and finding the other numbers of the series. 
Perhaps every tenth salt ground of a series might be marked by a 
signboard. 

Time of salting Salting can be taken advantage of in controlling 
the time a given piece of range is grazed, and the schedule for time 
of salting should be prepared with this end in view. In the discus- 
sion of grazing periods it was.pointed out that the beginning of 
growth in the spring is delayed from 7 to 10 days with each 1,000 
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feet increase in altitude and that there is considerable variation in 
the time when growth begins on different exposures at the same alti- 

tude. By carefully planning a schedule showing the date salt should 
be put out at each salting place, much can be accomplished in adjust- 
ing the time of grazing to conform to the requirements of the vegeta- 
tion. The earlier range should be salted first, and salting at higher 
altitudes delayed in proportion to the delay in growth of the vegeta- 
tion. To secure the best results, salt remaining at the lower altitudes 
when the range is fed out should be removed. Otherwise some of the 
cattle will remain near this salt and overgraze the range. Timely 
salting is facilitated by numbering the salting grounds to conform 
to the time the range should be used, beginning with number one at 
the earliest salt ground. A written salting schedule can then be pre- 
pared, dividing the season into periods by days, weeks, or months, 
and designating by numbers the salting places to be used during 
each period and the amount of salt for each place. 

It is important that salt be placed on the range when the stock 
are put on. Care at this time to separate the cattle into small bunches 
and distribute them among the salting places over the range ready for 
use will do much to get the stock settled and secure uniform grazing. 

| Hauling and storing salt—Roads and trails are usually in good 
condition late in the fall, but difficult to pass over, if not impassable, 
at the time the stock are put on the range in spring. Where this is 
the case sufficient salt to last at least until roads and trails are in 
good condition the next spring should be hauled in the fall and 
stored convenient to the range. This practice has been followed 
by some stockmen and stock associations. It should be adopted 
wherever local conditions make the practice advisable. Salt is most 
needed by stock early in the grazing season, and failure to provide 
it because roads are impassable at that time is not a valid excuse. 
Small cabins or salt-storage boxes can be provided without unwar- 
ranted expense. 

RESULTS FROM PROPER SALTING. 

A. good example of what can be accomplished by proper salting 
of the range is afforded by results secured on a cattle range on the 
Minam National Forest in Oregon. 

The cattle and horse unit in question includes about 40,000 acres 
of timber and open range. In 1913 it was grazed by 1,574 head of 
cattle and horses. The stock were salted at three cr four places. 
Part of the range was overgrazed at the close of the season, and 
much feed was unused on other parts. The upper portion was 
little grazed by cattle. In 1914 the stockmen became interested in 
better methods of salting. Forty-four salt treughs were constructed, 
at a cost of $1.25 each, from logs 18 inches to 24 inches in diameter. 
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The average trough space for salt on each log was about 12 inches 
wide, 8 inches deep, and 12 feet long. In 1915 an additional 22 
troughs were constructed, at a cost of $2 each. These 65 troughs 
are distributed from one-half to three-fourths of a mile apart over 
the range, and are numbered 1 to 66, beginning at the lowest alti- 
tude and extending consecutively upward. In 1914, when the first 
44 salt troughs were established and systematic salting began, 1,774 
head of cattle and horses were permitted to graze, as compared with 
1,574 head in 1913; in 1915 about 2,100 head were grazed; in 1916, 
about 2,150 head; in 1917, 2,200 head; and the recommendation for 
1918 was 2,250 head. The increase each year has resulted from better 
distribution of stock so as to utilize all the feed. 

On this range a definite written salting plan is prepared before 
the grazing period opens each season. The date of placing salt at 

_a@ given series of salt troughs is varied somewhat from year to year 
to give the forage plants on all parts of the range an equal chance 
to grow. 

A salting plan for a large cattle unit on the Uinta National 
Forest is shown graphically in figure 3. This unit contains approxi- 

mately 50,000 acres and has a grazing capacity of 1,880 head of 
cattle for a grazing period beginning May 15 and closing October 31. 
The plan calls for 84 pounds of salt per head, a total of approxi- 
mately 16,000 pounds per season. 

The unit includes the entire watershed of Currant Creek. The 
area was first divided into smaller describable areas, and the grazing 
capacity of each of these smaller areas was determined in order 
that the distribution of salt might be proportionate to the distri- 
bution of cattle feed. 

On brushy ranges of California the use of salt is an important 
feature in handling the cattle. In many places the range is so brushy 
that extensive riding to check distribution of stock, inspect the stock 
during the grazing season, and gather them in the fall is imprac- 
ticable. This lack of extensive riding is largely offset by the use 
of salt. The rider follows the trails, ridges, and canyons or draws 
accessible by saddle horse and pack horse, and carries salt with 
him. He makes frequent stops over the range and calls to the stock. 
The cattle soon learn the meaning of this call, and come from the 
brush as far as they can hear the call. By proceeding systematically 
over a range unit in this way the rider can check the number and 
distribution, as well as the condition of the stock. No salting for 
perhaps three weeks before the final round-up will make the salt call 
effective in gathering the cattle without great difficulty. The work 
accomplished by this practice on brushy range convinces ene that 
proper salting can be made a factor of great importance in securing 
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the desired distribution of stock on the ranges within the National 
Forests tance in the management of ajor impor a problem of m 
cattle ranges. 
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SUMMARY ON SALTING, 

10n WI in connect ts to remember ain poin The m 

ranges of the National Forests are 

1. That improvement in salting probably offers the greatest oppor- 
tunity for immediate improvement in the management of cattle 
ranges. 
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F—20504—A 

Fig. 1.—Counting cattle as they go on a National Forest range. Until the number of cattle and 
the time chet they go on the range are properly controlled, proper use of the grazing resources 
is Not assured. 

F-76674 

Fig. 2.—Control of cattle by range units within a National Forest can be secured by a combination 
of fences and natural barriers. 
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F—8—-WRG 

Fig. 1.—Salt log used_on cattle range of Whitman National Forest. Smooth, twisted wire 
stapled every 4 inches is used, as shown, to protect the trough from gnawing by horses 
and porcupines. 

F—27212-A 

Fig. 2.—Where block salt is used one cow may monopolize a block for an hour, forcing the 
other animals to wait their turn. 
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F—19993—A 

Fig. 1.—These cattle were called from dense tiraber and brush range and were fed salt on rocks, 
as shown. 

F-9-WRC 

Fig. 2.—The old type of salt ground. Salt should be placed on the ground only as a last resort. 
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2. That the responsibility for securing the proper salting of stock 
on any National Forest range unit rests directly upon the local 
forest officer in charge. 

3. That cattle require ordinarily about 2 pounds of salt per month 
while the forage is succulent and about 1, pound per month for the 
remainder of the season. . 

4. That cattle accustomed to being salted will travel to salt as they 
will to water; and that salt, therefore, can be used as a means of 

securing distribution of cattle over the range. 
5. That salt should usually be placed at a reasonable distance from 

water and away from places where cattle naturally congregate or 

pass frequently. Salting at new dirt tanks may be advisable until 
the tanks hold water. 

6. That sack salt should be placed upon the ground only as a 
last resort. Log troughs or wooden boxes should be used wherever 
practicable. 

7. That a few important salt grounds in a series, perhaps every 
tenth one, should be marked with a sign bearing a number or a name, 
or both. 

8. That on range units with a considerable variation in elevation 
or exposure the salt should be put out at times corresponding as 
nearly as possible to the date the vegetation should be used, so as to 
discourage premature grazing. 

9. The amount of salt for any salting place should be based upon 
the grazing capacity of the range to be used from the salting place. 

10. That definite graphic and written plans, based on a thorough 
knowledge of range conditions, are necessary in securing a proper 
distribution of salt on almost any cattle range. 

11. That only through the active organized cooperation of per- 
mittees can satisfactory results be secured. 

WATER. 

The distribution of water may influence the distribution of cattle 
and the utilization of forage more than any other single factor. 
Man’s control over the distribution of watering places on the range, 
however, is limited. Frequently it is not possible even to approach 
ihe desired number or distribution. It is assumed in this chapter 
that the suggestions of the paragraphs on division of range between 
different classes of stock have been carried out. This discussion ap- 

plies, therefore, to range reasonably well suited to cattle grazing. 
The suggestion of importance is to look carefully into the avail- 

able water supply, and, if possible, have a watering place every half 
mile on rugged mountain range and every mile and a half on level 
or rolling range. 
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Springs and seeps which naturally furnish water only in small 
puddles or cow tracks will furnish clean water for a number of cattle 
if the supply is developed and troughs installed. On ranges of the 

Southwest a large part of the water supply is furnished by storage 
tanks which collect and store surface run-off. This method of water 
development can be resorted to in other localities. Also, wells 500 

feet deep or more, equipped with windmills and engines for pump- 
ing, are used successfully on large areas of range. In some places 
water for midsummer is obtained by collecting into storage tanks 
early in the season water from small meadow areas which dry up in 
midsummer. Range is valuable. It can not be used by cattle with- 
out water. It should not be considered permanently unusable until 
exhaustive consideration has been given to possible ways of water 
development. Farmers’ Bulletin 592+ discusses methods of develop- 
ing water for stock under range conditions. 

FENCES. 

Very often’ fences are the most effective and most economical 
means of controlling cattle on the range. In fencing, however, the 
first consideration should be given to fences to provide control which 
is vital to the range as a whole. The importance of such control, 
first at the boundary of a National Forest and then at the boundary 
of smaller natural range units, has been emphasized. Generally, 
control at these places, by fences if necessary, should come first, so 

as to control the numbers of cattle and time of grazing on the Forest, 
as a whole, and on the natural unit of management. With this con- 
trol established, interior fence control should proceed according to 
a well-developed plan for the management of the cattle within the 
natural unit. 

The important objects of fences within the unit are: To make pos- 
sible seasonal grazing and deferred and rotation grazing, as out- 
lined in the paragraphs on Grazing Periods and Natural Reseeding; 
seeregation of breeding stock from dry stock; protection of cattle 
from poisoning; protection of areas of watershed, timber growth, or 
recreation areas from grazing; holding pastures for stock during a 

round-up; reserving pastures for saddle stock; and economy in han- 
dling the stock and in supervision of grazing. These possible needs 
should be considered in working out the fencing plan for each unit. 
Protection and the best use of the range resources should be given 
first consideration. 

Several years ago a general study was made to ascertain the eco- 
nomic value of stock fences then in existence on the National Forests. 
Each of 243 fences was reported on. The average estimate of in- 

1 Barnes, Will C., Stock Watering Places on Western Grazing Lands, U. 8. Department 

of Agriculture, Farmers’ Bul, 592, 1914, 
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crease in grazing capacity due to the fences was about 15 per cent. 
The reported improvement in condition of stock, due to more quiet 
handling under fence, averaged about 5 per cent; the increase in calf 

crop, about 10 per cent; and the decrease in cost of handling, 40 per 
cent. Aside from these important items the fences as a general rule 
simplified and reduced the cost of grazing administration, reduced 
trespass and complaints, and resulted in more even utilization of the 
range. 

These data were included to give an idea of the possible increase 
in net returns as a result of stock fences where they are warranted 
and properly located. Too often, however, fences for minor purposes. 

are constructed and later interfere with the fencing plan for manage- 
ment of the unit as a whole. It is extremely important that the plan 
for the whole natural range unit be worked out before any great 
amount of piece fencing is undertaken. 

TRAIL IMPROVEMENT. 

On many ranges used by cattle for years the construction of a few 
stock trails would help to produce a few more and better stock by, 

opening to yse small areas now inaccessible or difficult for stock to 

reach, or by providing a trail to water. These are minor develop- 
ments which will come in time. 

RIDING. 

The stock on any range cattle unit need the attention of riders. 
Proper salting, water development, fences, and stock trails work 
wonders in the management of cattle on the range and consequently 
increase grazing capacity. After all that reasonably can be expected 
by these means is accomplished, however, there is still room for im- 

provement. This is due mainly to the fact that in range management 
we are dealing with large areas, usually of low grazing capacity, and 
on such lands the extent to which improvements can be made is 
limited both by natural conditions and by expenditures proportionate 
to the value of the forage. When this limit is reached the subdi- 
visions of the range are very large as compared, for example, with 
the subdivisions of a well-developed ranch. 

The riders should see that salt is always available, and that water- 
ing places and fences are in serviceable condition. After this they 
should see that the stock are kept well distributed and that they use 
all parts of the range. Occasionally it is necessary to herd stock away 
from dangerous poison areas, and attention may be needed to keep 

the bulls properly distributed with the breeding cows. Losses from 
any cause should be watched for, the cause determined if possible, and 
preventive measures taken. Carcasses of dead animals should be 
burned or buried as a protection to the health of remaining animals. 
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Ordinarily, too little attention is given to the stock for the best 
results in growth, calf crop, and losses. A few pounds additional 

weight on the beef animals, an additional calf from each 100 cows, 
and one or two additional cows saved out of 1,000 head will more 
than pay for the services of riders. On most cattle ranges these 
increases are the minimum that can be expected. An increase of 100 
pounds or more on beef animals, an increase of 5 calves for each 100 
cows, and a decrease of 10 head in loss out of each 1,000 head, in addi- 
tion to increase in grazing capacity of the range, are nearer the pos- 
sible net returns from proper attention by riders. Animals are valu- 

able, and costs of production are increasing. It will pay to figure 
carefully on the possible returns from an additional dollar invested. 

The number of stock one rider can look after varies from abe 
250 to 1,000 head, depending upon the range. The ideal to work 
toward is about 250 head of high-grade stock accustomed to being 
worked. One man can then distribute the stock in small bunches 
where feed is best, see that bull service is adequate, and look after the 
general welfare of the stock so that losses will be negligible and net 
returns per animal a maximum. Plate XXIII, figure 2, shows an 
actual example of such management on National Forest range. 

BREED OF STOCK. 

What has been written in these pages on the management of cattle 
applies primarily to cattle accustomed to running on the open range 

or in large pastures. The suggestions given will not result in satis- 
factory management of dry stock or milch cows from dairy herds 
accustomed to being handled in barns, feed lots, and small level pas- 
tures with feed and water convenient; for when such stock are turned 
loose on a rough mountain range it is difficult to keep them away 

from the level areas near water. The result is marked local over- 
grazing and a surplus of feed away on the hills. Where it is advis- 
able, all things considered, to use mountain range for a limited num- 
ber of this class of stock, extra restrictions in “management will be 
necessary to avoid injury to the range. 

COOPERATION. 

Cooperation between forest officers administering grazing and the 
stockmen whose stock use the ranges has been an important factor 
in the development of range management on the National Forests. 
It has not always been possible to meet the desires of every individual 
permittee; but with the support of the majority many changes in the 
management of both the range and the stock have been made, to the 
ultimate advantage of Forest administration and the live-stock indus- 
try. As a whole, the cooperation thus far has been concerned pri- 
marily with underlying principles of regulated use of the range re- 
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F-10—WRCG 

Fig. 1.—Springs and seeps which naturally furnish water only in puddles or cow tracks will 
permet clean water for a number of cattle if the water supply is developed and troughs 
installed. 

F-I1I-WRG 

Fig. 2.—Springs which are of little or no value in their natural state as watering places for 
range sheep will furnish water for a band of sheep by a moderate expenditure for developing 
and fencing the spring and installing troughs. 
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F—35690—A 

Fig. 1.—Cooperation is aiding greatly in replacing this class of stock by better animals on the 
far western ranges. 

F-12—-WRG 

Fig. 2.—The better animals produce more meat than those of lower grade in proportion to 
the amount of forage consumed, and the greater money returns from the better animals 
warrant the careful handling of the stock which is so essential to good range management. 
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sources and with the construction of range improvements. During 

the last few years, however, organized cooperation has been extended 
to improvement in the grade of stock and their care and management 
on the range and to new problems in the improvement of the range. 
This advancement is the logical result of a need for improved prac- 
tice to keep pace with increased cost of production and decrease in 
the supply of range as compared with the demand. The importance 
of extending cooperation in these maiters to all National Forest ranges 
can not be overestimated. Especially is this true as regards the man- 
agement of cattle ranges and cattle on the ranges, because of the 
problems involved, the wide distribution of cattle-grazing privileges, 
and the necessity of range management by community units. lbn- 
provement along these lines, which must come largely as a result of 

organized cooperation, is of great economic importance in itself, and . 
the development of the kind of cooperation necessary to bring about 
this improvement will pave the way for improving range practice. 

The growing need for united effort, which can come only through 
the medium of organization on the right basis, is apparent in the 
change that has taken place in the number of cattle-grazing per- 
mittees and in the intensity of grazing. In 1907 approximately 
18,500 permits were issued for the grazing of cattle and horses within 
the National Forests. By 1917 the number had increased to ap- 
proximately 32,000. The increase in number for 1917 as compared 
with 1916 was 3,084, showing that the tendency to wider distribution 
of the grazing privilege is continuing. In 1907 approximately 
1,250,000 head of cattle and horses were grazed, and in 1917 over 

2,000,000 were grazed, an increase of over 60 per cent in this class of 
stock. In 1907 the average area per cow or horse was 57.6 acres, 
and in 1917 it was 43.7 acres. 
With this increase in intensity of grazing, number of permittees, 

and number of stock, the problems to be handled by cooperative 
effort have increased, and the unit of area for which cooperation 
should be organized has become smaller. Until a few years ago the 
most pressing questions could be handled by the National, State, 
and individual Forest live-stock associations. But to-day the greater 
number of problems where cooperative effort is important have to do 
with the improvement and management of the range and the stock 
within the individual grazing unit. The users of the individual unit 
of range management have a common interest in all matters per- 
taining to the management and development of the range and the 
improvement and management of the cattle and horses within the 
unit. Proper salting of stock, construction of fences to control the 
stock, development and maintenance of stock-watering places, proper 
distribution of stock over the range, reduction in losses of stock on 
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the range, improvement in grade of stock, and increase in calf crop 
have a direct effect upon the net profits of the individual user. 

More and more attention should be given in the future, therefore, 
td the organization of the grazing permittees who graze their stock 
in common on a range unit. It has been shown that such permittees 
have a common interest in the range practice on the grazing unit, 
but this alone is not incentive enough, ordinarily, to stimulate organi- 
zation of local associations and keep them active. There must be a 
definite worthy purpose to be accomplished in the immediate future 
by the united effort resulting from the organization, such as the 
application of a comprehensive salting plan, the eradication of poi- 
sonous plants, the construction of drift fences, the use of high-grade 
bulls, and other similar objects. 

With a proper appreciation of the functions and possibilities of 
live-stock associations in relation to range management on the Na- 
tional Forests, forest officers can do much to encourage organiza- 
tion among the grazing permittees. This can best be done by formu- 
lating definite practical plans for the solution of important problems 
in management of the range unit involved, so that the stockmen will 
have a definite object in organizing. After a local association has 
been organized and has been officially recognized by the district for- 
ester, special rules may be adopted by the association as needed to 
carry out specific plans in the management of the range and the stock. 
Special rules are of two kinds: (1) Those that not only aim directly 
to promote the interests of stockmen but are designed to secure a 
better and fuller use of the forage resources; and (2) those that aim 
wholly to promote the interests of the stockmen. 
The following special rules, which have been adopted by various 

local live-stock associations, will serve to give a clear idea of the 
nature of these rules and functions: 

GROUP 1. AFFECTING DISTRIBUTION OF STOCK AND UTILIZATION OF RANGE. 

All permittees grazing cattle and horses on the range within the Caribou 

Basin allotment will be required to pay their pro rata share of assessments 

levied by the Caribou Basin Cattlemen’s Association for salting, herding, and 

handling of permitted stock. The advisory board shall purchase salt, attend to 

its distribution, hire the necessary riders to handle the stock, and levy an assess- 

ment sufficient to meet these expenditures.’ 

Subject to the supervision and control of the Forest Service, the Willow Creek 

Grazing Association is hereby authorized to purchase salt, employ herders or 

riders, superintend the salting, herding, and handling of all cattle and horses 

grazed under permit on the range open to this class of stock within the Willow 

Creek division of district 6 of the Fishlake National Forest. All persons hold- 

ing permits to graze cattle and horses on this division will be required to 

cooperate with the association in this respect if they desire to allow their stock 

1 Caribou Basin Cattlemen’s Association, Caribou Forest. 
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to graze at large upon the range, and the issuance of grazing permits will be 

withheld in all cases and the stock denied admittance to the Forest until the 

pro rata assessment levied by the association for the above-mentioned purposes 

during any one year is paid into the treasury of the association. This rule 

will remain in full force and effect so long as the membership of the association 

represents a majority of those holding permits to graze cattle and horses on the 

Willow Creek division of district 6 of the Fishlake Forest. 
On or before the final date set for the receipt of grazing applications each 

year the association will furnish the supervisor with an estimate of the amount 

of money required for the purposes above mentioned. When permit allotments 

have been made for the season the supervisor wiil advise the secretary of the 

association of the names and addresses of the permittees, the number of stock 

which each will be allowed to graze upon the Forest, and the per capita assess- 

ment which may be levied by the association. This will be determined by 

dividing the total amount of money to be collected by the grazing allotment of 

the division. Upon receipt of the assessment the treasurer or seeretary of the 

association will notify the forest supervisor that payment has been made, so 

that permit may be issued.’ 

GROUP 2. PRIMARILY OF BENEFIT TO STOCKMEN. 

1. Beginning with the grazing season of 1917 all permittees authorized to 

graze cattle on that portion of district 6, Cache National Forest, represented by 

the Cattle and Horse Growers’ Association of district 6, must place on the range 

with their cattle one registered pure-bred bull of some recognized beef breed for 

each 25 head of female breeding cattle or fraction thereof, provided permittees 

grazing less than 25 head of female cattle of breeding age may arrange for 

joint ownership of bull which shall not represent more than 25 head of breed- 

ing cattle: Provided further, That in lieu of such bull a permittee may deposit 

$2.50 per head for each female breeding animal one year of age or over, as his 

service fee, to be paid into the treasury of the association, the association assum- 

ing responsibility of furnishing the necessary bulls to meet such cases. 

2. Breeding age of female cattle, aS contemplated by Rule 1, will include 

all female cattle one year old or over. 

3. In order to secure more uniform-aged ealves no bull shall be turned on the 

range represented by the association until July 1 of each year.’ 

All permittees of the Montpelier-Elk Valley allotment will be required to 

furnish one pure-bred bull of beef breed, not less than 15 months of age or 

more than § years, for each 25 head or fraction thereof of female breeding 

eattle permitted to run on such range. No person shall permit any bull to 

run on the same range at any other time than during three suceessive breeding 

seasons; provided the term ‘‘female breeding cattle” shall not apply to female 

cattle under 12 months of age, and provided that two or more persons may join 

together in furnishing such bull when the aggregate number of female breed- 

ing cattle turned loose upon the same range by any two or more persons does 

not exceed a number of 25 head. 

Any person failing to comply with this rule shall be liable to have his appli- 

eation disapproved the following season. All bulls shall be imspected and 

passed by a committee appointed by the advisory board of the Caribou Cattle- 

men’s Association.’ 

1 Willow Creek Grazers’ Association, Fishlake Forest. 

2Cattle and Horse Growers’ Association, district 6, Cache Forest. 

® Caribou Cattlemen’s Association, Caribou Forest. 
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MANAGEMENT OF SHEEP ON THE RANGE. 

CONTROL. 

Control over the number and distribution of stock is a fundamental 
requirement of effective range management. Control of the number 
of sheep entering a National Forest or any large range unit of the 
Forest is comparatively simple. The sheep are under a herder and 
can be counted in at the Forest boundary and be driven to a range 
unit in a given time over an established route. On the unfenced 
sheep ranges of the public domain such control is lacking; and, as a 
consequence, these ranges are run down and in many places are still 
deteriorating. 

On ranges of the National Forests the problems in sheep manage- 
ment are: (1) To establish range sheep units; (2) to get the sheep 
on these units with the least damage to the range; (3) to prevent tres- 
pass from one range unit to another; and (4) to see that the sheep are 
so handled as to secure uniform distribution of grazing and full 
utilization of the forage. 

ESTABLISHING SHEEP RANGE UNITS. 

In general, the practice on ranges within the National Forests has 
been to divide the sheep range into units which will furnish sufficient 
forage for a band of sheep during the established grazing period. In 
some cases the range unit, or allotment, includes range for several 

bands of sheep owned by one permittee. 
The assignment of an individual range to each band places respon- 

sibility for proper use of the range squarely upon the individuals 
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owning and those herding the sheep. This is desirable for the sheep 
owners and for the range. It does away with the old practice of 
racing for a desirable range area, trampling down forage, and doing 
permanent injury to the range en route; and, if trespass from one 
unit to another is prevented, it makes possible the use of the poorer 
areas of range when they can be used best, without danger of other 

bands coming in the meantime and grazing off choice areas. The 
advantages of range sheep units to accommodate one band of sheep, 
therefore, are so marked that an effort should be made to assign each 
band to a definite range unit whether two or more bands are owned 
by one permittee or not, for competition between herders under one 
employer may sometimes result in unnecessary abuse of the range. 

CONTROL BY UNITS. 

To secure the best results trespass between units must be avoided, 
for the individual using a range unit may hesitate to graze properly 
the range allotted to his band if by doing so he defers grazing upon 
a choice piece of range which will be a temptation to an adjoining 
band. Further, trespass upon an allotment might result in over- 
grazing of the allotment before the close of the season. 

Innocent trespass may occur unless the boundaries of units are 
readily recognized on the ground. For this reason the unit bounda- 
ries should be along prominent ridges, so far asis practicable. Streams 
sometimes are made the dividing line, but where it is possible a band 
should be allowed the range on both sides of a stream which sheep 
will cross readily. Otherwise sheep of two bands may mix or there 
may be too many sheep watering at one stream for the welfare of the 
range. 

Unfortunately, the range within the boundary lines which form a 
natural range unit frequently furnishes too much or too little forage 
for the sheep in one band. On rugged mountain range it is usually 
possible to adjust the boundary lines so as to exclude or include range 
for probably 200 or more sheep and still have boundary lines which 
should make innocent trespass unlikely. Where the estimated graz- 
ing capacity of the unit is greater or less than the number of sheep 
‘in the band by, say, from 50 to 200 head, the difference is so small 
that it is not always possible to enlarge or reduce the allotment to 
accommodate the size of the band and still have satisfactory boundary 
lines. Where this is the case the size of the band should be adjusted 

eventually to fit the range. 
As far as practicable, the size of the unit or allotment should be 

adapted to the number of sheep in the band; but this principle should 
not be followed if waste of forage, overgrazing, or innocent trespass, 
due to poor boundary lines, will result.” From 1,000 to 1,200 ewes 

111479°— Bull. 790194 
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with their lambs, as a general rule, should be the most run in one 
band. Only in exceptional cases should the band exceed 1,500 ewes 
with their lambs, or from 2,000 to 2,500 dry sheep. Larger bands are 
difficult to handle without injury to a forest range. 

HANDLING THE SHEEP. 

An exhaustive discussion of handling sheep on the range would 
itself fill a volume. The aim here is simply to point out the more 
important features of proper handling without attempting to ex- 
plain fully the ways in which the general procedure recommended 
should be adjusted to the local conditions of range and personnel. 

HERDING. 

As early as 19091 investigations showed that mountain summer 
range grazed by sheep under fence supported from 25 to 50 per cent 
more sheep than were being grazed on the same acreage of similar 
range on which the sheep were herded by the methods generally 
practiced at that time, and that the pastured sheep made better gains 

in weight than the herded sheep. It was found also that there may 

be a variation of at least 25 per cent in the grazing capacity of a 
given range when used by the same sheep under different herders. 
From four years’ study of the actions of the pastured sheep and the 
methods of herding on unfenced range it was concluded that the 
marked differences in grazing capacity and in growth of the sheep 
under the two systems were due largely to a few differences in the 
way the sheep were handled—differences which could be largely 
eliminated by improved methods of herding. 

The desired changes have been tried out in many experiments, and 
perhaps 50 per cent, or more of the sheep grazed on ranges within the 

National Forests are now herded under improved methods. The prob- 
lem now is to secure the adoption of better methods by the other 50 
per cent. 

One of the first steps in bringing this about is to follow strictly 
the regulation” below: 

Sheep and goats must not be bedded more than three nights in suecession in 

the same place, except when bedding bands of ewes during the lambing season; 

and must not be bedded within 300 yards of any running stream or living 

spring, except in rare cases where this restriction is clearly impracticable. 

The three-night limit is for rare cases where one-night bedding 
in a place is clearly impracticable. As a general rule sheep should 
be bedded one night in a place. The damage to range so character- 
istic around old bedding grounds will then be eliminated, and the 

1James T. Jardine. The Pasturage System for Handling Range Sheep. U. 8S. Forest 

Service, Circular 178, 1910. 

2U. 8. Forest Service. The National Forest Manual, Grazing Regulation 26. 
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sheep will be on fresh feed during the cool hours of the morning and 

evening, when they graze best on the summer range. 
The herder should be with his sheep, ordinarily, from the time 

they begin grazing in the afternoon until they are shaded up the fol- 
lowing forenoon. This is necessary to prevent straying and as a 
protection against predatory animals. Coyotes, especially, attack 
sheep most frequently in the late evening and early in the morning. 
Bears usually attack the band during the night. In some localities 
the herder remains with his sheep all the time, carrying his camp 
outfit, provisions, and, if necessary, drinking water, on a pack ani- 
mal, usually a burro. This practice is desirable in all localities; but 
where feed is good and the range untimbered, or only partly tim- 
bered and not too prushy, good results are obtained where the herder 
leaves the sheep for a short period during the middle of the day, 
while they are resting. This matter, therefore, should be adjusted 
to the local conditions of range and the class of herders. 

The sheep should be allowed to begin grazing soon after daybreak 
so that they will fill up before the heat of day. Their course of travel 
can be directed by the herder, and, if necessary, the leaders should 
be checked so that the herd will spread out quietly over an area 
sufficient to provide forage for the morning. Until the sheep settle 
down to rest after the morning grazing the herder should move 
quietly around the outside of the herd, keeping track especially of 
the leaders, but not disturbing them except where necessary to check 
them or change their direction. 

Between 7 and 9 o’clock in the morning during summer the sheep 
usually settle down to rest. ‘They will not move far during the re- 
mainder of the warm part of the day and need not be disturbed. The 
herder should go around the outside of the band occasionally to see 
that none of the sheep are straying off. 

During the time that the sheep are resting the herder has several 
hours to do his main cooking for the day. Where the burro system 
is followed he usually makes a cup of coffee before starting his sheep 
at daybreak. When the sheep shade up he unpacks his burro and 
does his cooking. Herders whe do not remain with the sheep all 
the time, carrying their provisions and cooking outfit, return to the 
herder’s supply camp while the sheep are resting and do their cook- 
ing and camp work for the day. Herders who follow this plan usu- 
ually eat two meals at the supply camp each day, one upon arrival in 
the morning and one before leaving to round up the sheep and re- 
main permanently with them during the night. The herder’s sup- 
ply camp should be moved often enough so that he will be able to go 
around the band occasionaily while they are resting. During the 
scouting trips around the band a bedding place for the night should 
be selected; and, if the burro system is not being followed, the 
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herder’s bed and salt for the sheep should be moved to the new loca- 
tion. A site comparatively open, free from down timber and brush, 
and larger than the actual bedding space required should be selected. 
On an open site the lambs can find their mothers with the least diffi- 
culty; there is least danger from attack. by predatory animals, and 
there is less danger of a “ pile up” or crippling of sheep in case the 
band is frightened during the night. 

High, dry ground on mounds or ridges furnishes the best sites for 
bedding grounds. Sheep bedded in canyons with adjacent inter- 
mediate ground open or comparatively free from dense timber and 
brush have a tendency to leave the bed ground and drift to the ridges. 
They rarely drift far from a ridge into a canyon. 
Where heavy timber and brush extend over large areas of the 

range, small openings are of vital importance. Their location should 
be known, and grazing should be planned so as to use them to best 
advantage. 

In gathering the sheep in the evening it is especially important 

that the herder circle the outermost ie made by the sheep during - 
the day. Tracks are the best indicators of where the sheep have 
been. From this outer circle the sheep should be turned toward the 
site selected for bedding. Stragglers and isolated bunches should be 
driven to the main band. By about 6 o’clock the sheep should be 
collected into a loose band near the bedding ground. They may 
then graze in this formation until they bed for the night. Mean- 
time, the herder should move about them, counting the bells and 
markers and watching the ewes and lambs. Lambs that can not 
find their mothers or ewes that can not find their lambs in a reason- 
able time may be indications that the sheep are not all in. Care in 
rounding up the sheep at night can not be overemphasized. The 
greatest losses occur from leaving small bunches away from the 
band, subject to attack by predatory animals. 

WATERING, 

The length of time sheep may be away from water depends upon 
the character of the forage and the weather. On high mountain 
summer range within National Forests sheep have been grazed suc- 
cessfully during the entire summer without water. Ordinarily, 
when the vegetation is succulent, the weather cool, and heavy dew 
frequent, sheep do not require water oftener than every three or 
four days. During hot, dry days they will do best if shade, forage, 
and water are convenient. Areas of succulent feed near water and 
shade should be reserved for this peried. In late summer and fall 
cool weather and storms ordinarily make watering oftener than 
every three or four days unnecessary. 
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If the sheep are herded as suggested in the preceding paragraphs, 
watering oftener than every few days is not only unnecessary but 
may not be for the best interests of the sheep if they can reach water 
only by traveling several miles into deep canyons. They should be 
grazed, not driven to water, and then grazed back. Careful 
planning will make it possible ordinarily to direct the course of the 
band so that they will reach water in late morning or midafternoon. 
An hour on water during these periods of the day will be sufficient. 
They should not be shaded up near the water for several hours. 
Such practice is equivalent to bedding near a stream or living spring 
and may result in unnecessary contamination of the water supply. 

SALTING. 

Salt is essential to the welfare of the sheep and makes them more 
contented and easier to herd. It would be best to have salt on the 
bedding place every night, but this is not alwavs practicable on the 
range without a great deal of labor. Sheep can be salted, however, 
at least every five to seven days. 

Crystal sack salt or dairy salt should be used. About 100 pounds 
every five days for 1,200 ewes and their lambs should be a minimum. 
Where practicable, from 50 to 75 pounds of salt every three days for 
a band of 1,200 ewes is more satisfactory than a greater amount fed 
less often. Salting every night on a new bedding ground helps to 
make the sheep contented during the night. 

The salt is sometimes fed in portable wooden or canvas troughs. 
The necessity of having a great many troughs or of moving them 
frequently affords a temptation to bed the sheep more than one night 
in a place. Furthermore, if sheep are going to the salt troughs at 
all times of the night the disturbance may make the band restless. 
The salt should be distributed, one or two handfuls in a place, on 
rocks, clean ground, or grass. Care should be exercised not to put 

it where there is gravel, sand, or loose dirt. Sand or gravel in the 
salt may result in marked injury to the teeth. If salt is distributed 
in small piles before the sheep reach the salting ground, there will be 
comparatively little waste and all the sheep will get salt in a short 
time. It is doubtful if this method will be replaced to any great 
extent by salting in troughs if the sheep are bedded a maximum of 
three nights in one place. 

TIMELY USE OF FORAGE. 

A well-thought-out plan for grazing the range allotted to each 
band of sheep on summer range will be to the advantage of beth 
sheep and range. Usually on each allotment there are areas where 
the forage grows to maturity quickly and then dies. On other areas 
the forage becomes tough and of low palatability by midseason. On 
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stil] others the forage remains green and tender throughout the sea- 

son. Sheep, especially ewes and lambs, make most rapid gains on 
succulent tender forage. For this reason the weight of lambs at the 
close of the grazing season may be varied at least 5 pounds by a 
difference in the plan of grazing the range allotted to the band. The 

endeavor should be to use the range so as to have green, tender feed 
for the longest time possible. This will necessitate moving the herd- 
er’s supply camp, if one is used, oftener than is done ordinarily, but 
the extra moving will be justified by the production of heavier sheep. 
Range with green feed and shade should be reserved for use during 
the hot weather. 

The owner of the sheep, or some one employed by him, should see 
to it that the herder is kept supplied with provisions and salt for the 
sheep and that the herder’s camp is moved as often as is necessary 
to keep it near the sheep, provided the burro system is not followed. 

Lack of consideration fot the herder in these matters usually results 
in neglect of the sheep or injury to the range from driving the sheep 
to the supply camp and holding them too long cn near-by range. 
The practice which allows the owner of the sheep or the camp mover 
to visit the herder at intervals of two weeks or longer is out of date, 

or should be, in all locahties. Whoever does this work might 
profitably spend more time on the range helping te work out the 
order of camps, seeing that a prompt search is made for lost sheep 

and that due consideration is given to the needs of the herder, so that 
ke can devote his attention entirely to proper handling of the sheep. 

The method of handling sheep here outlined is now followed, with 
shght variation, in the management of perhaps 50 per cent of the 
°8,500,060 sheep grazed within the National Forests and should be 
followed by the other 50 per cent. The manner in which the sheep 
are handled is an important factor in deciding whether certain water- 
sheds and forest areas may be used for sheep grazing without un- 
warranted interference with watershed protection and forest protec- 
tion, and is important in determining the grazing capacity of the 
range as well as the gain in weight of the sheep. 

Additional references (arranged chronologically). 

Coville, Frederick . Forest Growth and Sheep Grazing in the CVascade Moun- 
tains of Oregon. U.S. Division of Forestry, Bulletin 15, 1898. 

Ikennedy, P. B. Summer Ranges of Hastern Nevada Sheep. Nevada Agricul- 

- tural Wxperiment Station, Bulletin 55, 1903. 3 
Jardine, James T. The Pasturage System for Handling Range Sheep. U. S. 

Forest Service, Circular 178, 1910. 
Jardine, James T. Coyote-proof Enclosures in Connection with Range Lambing 

Grounds, U. S. Forest Service, Bulletin 97, 1911. 
Jardine, James T. Pastures and Sheds in Connection with Range Lambing 

Grounds. National Wool Grower, vol. 5, No. 3, pp. 17-21, March, 1915.7 
Jardine, James T. Possibility of Producing More and Better Sheep by Im- 
provement in Methods of Handling on the Range: National Wool Grower, 
vol. 5,: No. 4, pp. 15-18, April, 1915.* 

1A few reprints available in the Forest Service, Washington, D. C. 
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Wleming, C. BE. “ Blanket’ System of ee Sheep on the i Madison National 
Forest. National Wool Grower, vol. 5, No. 5, pp. 7-10, ae 1915.7 

Douglas, L. H. The “ Bedding Out » System of Handling Sheep on the Big- 
horn National Forest, Wyoming. National Wool Grower, vol. 5, No. 6, 
pp. 13-16, June, 1915.* 

Martineau, Bryant S. Handfing Sheep on Timber and Brush Ranges of Idaho. 
National Wool Grower, vol. 5, No. 7, pp. 7-11, July, 1915.7 

Jardine, James T. Grazing Sheep on Range Without Water. National Wool 
Grower, vol. 5, No. 9, pp 7-10, September, 1915.* 

Hill, Robert R. Lambing Methods on National Forests in the Southwest. WNa- 
tional Weol Grower, vol. 6. No. 3, pp. 7-10, March, 1916.7 

Barnes, Will C., and Jardine, James T. Live-stock Production in the Hieven 
Far Western Range Sfates. U. S. Department of Agriculture, Office: of the 
Seeretary, Rept. 110, Part II, 1916. 

Marshall, F. R., and Millin, R. B.- Farm Sheep Raising for Beginners. U. S. 
Department of Agriculture, Farmers’ Bulletin 840, 1917. 

Extension Service, University of Wiscensin. Shepherd’s Calendar. American 
Sheep Breeder, vol. 37, No. 8, p. 469, Auugst, 1917. 

Ritzman, ©. G. Nature and Rate of Growth of Lambs During the First Year. 
U. S. Department of Agriculture, Journal of Agricultural Research, vol. 11, 
No. 11, pp. 607-624, Dec. 10, 1917. 

Fieming, C. E. One-nigth Camps v. Established Bed-grounds on Nevada Sheep 
Ranges. Nevada Agricultural Experiment Station, Bulletin 94, 1918. 

STOCK DRIVEWAYS. 

During the fiscal year ended June 30, 1917, a total of 2,176 permits 
were issued, allowing 56,954 head of cattle, 1,148 head of horses, 
3,385,429 sheep, and 47,897 goats to cross National Forest jaiods 
en route to and from the ranges used by the respective permittees. 
The number of stock which uses the National Forest lands in this 
capacity varies little from year to year. There may be a slight 

decrease in the future, but it will be necessary to provide crossing 
privileges for at least 3,000,000 head of stock each year for a number 

of years, and for nearly this number permanently. The distances 
that the stock are driven vary from perhaps less than 1 mile to about 
125 miles. It is evident, therefore, that a considerable acreage must 

be devoted to this phase of range utilization. It is equally evident 
that on every National Forest where grazing is an important activity 
a great deal of attention should be given to getting the stock to their 
allotted range with the least injury to timber growth, watersheds, 
and the range, and with the minimum interference with proper graz- 
ing use of range along the way. 
Driveways have been established over portions of the National For- 

ests where it is necessary for stock to cross regularly. Many of these 
driveways have been in use for a number of years and show the ill 
effects of premature grazing, overgrazing, and trampling. Hill,’ for 
example, reported on this subject as Seifeme: 

One of the most serious menaces to reproduction (western yellow pine), as 

well as to range, occurs on stock driveways. Even at best an excessive number 

1A few reprints available in the Forest Service, Washington, D. C. 

2 Hill, Robert R. WHffects of Grazing upon Western Yellow Pine Reproduction in the 

National Forests of Arizona and New Mexico. U.S. Dept. of Agriculture, Bul, 580, 1917. 
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of stock must use these strips of range, and injury can not be avoided. How- 

ever, ail practicable means should be used to conserve the stand of forage by 

furnishing sufficient feed for the stock using the driveways to reduce the injury 

to reproduction to a minimum. In order to accomplish this, it is recommended 

that driveways be used as little as possible; that, whenever practicable, they 

be closed to grazing except by passing steck; that a sufficient number be estab- 

lished to prevent overgrazing; and that water be furnished in abundance. at 

proper intervals along them, 

These conclusions and recommendations are sound, and should be 
considered seriously in the location and use of stock driveways. It 
might also be well to consider the possibility of increasing the num- 
ber of driveways and adopting a system of rotation in their use, so 
as to give each driveway protection against grazing during the grow- 
ing season for, say, two years in succession out of each four-year 
period. In some cases it may be possible and necessary to narrow the 
driveway to the width actually necessary to drive a band of sheep 
over and to provide supplemental grazing areas at intervals along the 
way where the’sheep can be furnished the amount of grazing neces- 
sary for their maintenance en route. Should this be done, the dis- 
tance between grazing areas and the amount of grazing required for 
each band at each stop should be determined with care, so as to pre- 
vent overgrazing as well as unnecessary consumption of forage 
en route. The grazing areas might be numbered and a plan devel- 
oped whereby the first half of the stock to pass over the driveway 
would use only a designated number of grazing areas, leaving the rest 
fresh for later stock. 

It should be understood that these are only suggestions for consid- 
eration In adjusting any given driveway problem. No definite policy 
can be offered at this time. Careful study of-the problem on every 
important grazing Forest is urged. The cumulative annual damage 
by this time may have reached a stage where a change in a driveway 
or a portion of it is imperative. A driveway should not be looked 
upon as a thing fixed for all time, and therefore of no further con- 
cern. Each driveway should be inspected annually to determine the 
condition of the range, the damage to timber growth, the extent of 
erosion, if any, and possible changes to minimize damage and facili- 
tate movement of stock to and from the range. 

RANGE RESHEDING. 

SEEDING TO CULTIVATED FORAGE PLANTS. 

The grazing capacity of western range lands varies from small 
meadows where a few acres will support a cow during the summer 
grazing season to lands where 100 acres will barely support a cow 
throughout the year. Between these extremes there are all grades 

of range, with the greater part somewhere near the average of 2 
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or 3 acres per cow per month, waste areas excluded. The main 
reasons for this low grazing capacity, as compared with the capacity 
of most farm pastures, are (1) the natural low productivity of the 
range lands and (2) the range deterioration. 
Whatever the cause of low grazing capacity, it is only natural that 

there should be many appeals to National, State, and private agencies 
for seed of forage plants which will work wonders in the way of 
increasing the supply of forage and improving its quality. Such 
plants may be found or may be developed at some time in the distant 
future; they are not available at present. 

There are, however, limited areas within the National Forests upon 
which the expense of seeding to cultivated forage plants may be war- 

ranted by the resulting improvement in the forage crop. Over 500 
seeding tests have been conducted by the Forest Service since 1907 
in an attempt to determine just what kind of lands can be seeded 
profitably, the species to use, and the methods which will secure the 

best results. The information available is largely included in De- 
partment of Agriculture Bulletin 4.1 

The results presented in Bulletin 4, as well as the results of investi- 
gations since it was issued, indicate that the expense of seeding range 
lands to cultivated species is warranted only on mountain meadows 
and other areas of minor extent 500 feet or more below true timber line 
and having favorable soil and moisture conditions. Even on lands of 
this character, if they already support a stand of native perennial 
vegetation covering 60 per cent or more of the ground surface, seed- 

ing to cultivated forage plants will rarely be successful.. The soil is 
in poor condition to receive the seed, and the cultivated forage plants 
will rarely replace the hardy native vegetation. It is realized that 
this description will not enable the reader to decide readily whether 
a given area should be seeded; but the limitations given will exclude 
at once dry bunchgrass hillsides, dry timbered or untimbered lands 
where there is a scanty growth of native grasses, weeds, or shrubs, 
and other areas where the native vegetation indicates that soil and 

moisture conditions are unsuitable for all but hardy, drought-resistant 
native plants. 

Most men having to do with the supervision and use of western 
range are somewhat familiar with the conditions under which timo- 
thy, redtop, and the clovers can be grown successfully on farms and 
ranches. If similar conditions of soil and moisture are found on 
range lands, and the native vegetation is scant, the advisability of 
seeding to cultivated plants should be looked into. Not infrequently, 
however, recommendations for seeding to cultivated forage plants 
are based upon the fact that timothy, redtop, bluegrass, clover, or 

1 Sampson, Arthur W., The Reseeding of Depleted Grazing Lands to Cultivated Forage 

Plants, U. 8S. Department of Agriculture, Bul. 4, 1913. 
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some other cultivated species is found growing along wagon tracks, 

in the center of a wagon road, or around camp grounds. In such 
places the ground usually has been made more favorable for receiv- 
ing the seed and retaining moisture as a result of some disturbance 
or fertilization. Further, it is probable that a great many seeds 
have been scattered in these places compared with the few whicl 
grow and become established. The conditions of soil, moisture, fer- 

tility, and competition of native vegetation where the cultivated 
plants are found growing as compared with those on the area to be 

seeded should be carefully studied before recommendations are made. 
tt should be remembered that seeding to cultivated forage plants 

will cost + from $1 to $5 per acre if properly done, and that protection 
against grazing during the first year after seeding is essential to suc- 
cess. Cultivated species can not be expected to succeed and.continue 
productive on the range with less protection than is required for 
their successful growth on the farm. 

lt is not the object of this discussion, however, to discourage all 
consideration of seeding to cultivated forage plants. On the con-. 
trary, this phase of range improvement must be given more con- 
sideration as grazing becomes more intensive and as the value of 
range increases. What is needed is more careful examination of the 
comparatively small acreage of lands where soil and moisture con- 
ditions are similar to those of farm and ranch lands which are pro- 
ducing profitable pasturage of cultivated forage plants. Of lands 
in this class the most promising are mountain meadows and parks, 
alluvial flats along streams, and other areas of deep soil with con- 

siderable organic matter. 
There undoubtedly are many acres of mountain meadow and park 

lands within the National Forests which should be improved by seed- 
ing and by other means as soon as it is feasible to follow seeding by 
the care and grazing management necessary for successful growth 
and maintenance of the forage crop resulting from seeding. These 
areas in most cases are such as for many years have been favorite 
congregating places for cattle, bedding grounds for sheep, salting 
grounds for both classes of stock, locations for separating corrals, 
round-up grounds, and camp grounds. In a great many cases exces- 

sive use for these purposes has hastened erosion and lowered the 
stream bed until the water level is far below the surface of the 
ground; and the meadow, once moist and productive, has become dry 
and low in productivity. Seeding alone will not bring about the de- 
sired improvement in such cases. The water must be distributed over 
the surface instead of running down a channel 5 to 20 feet deep, and 
abusive use must be eliminated. The fact that many mountain 

1 Sampson, Arthur W., The Reseeding of Depleted Grazing Lands to Cultivated Forage 

Plants, U. 8. Department of Agriculture, Bul. 4, 1913. 
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meadows in run-dewn condition are privately owned is evidence that 
the demand for range has not become acute enough to result in ex- 

pensive improvement and the effort necessary for preservation and 
wise use. To some extent this apples also to seeding other than in 
meadows. When everybody concerned is prepared to share volun- 

tariiy in the improvement and upkeep and wise use of all range, the 
matter of Seeding will assume greater importance than at present in 
comparison with other range improvements. 
Meantime there is opportunity for careful observation on every 

Nationa] Forest to select the areas where seeding will probably be 
warranted when this method of improvement becomes of enough 

comparative importance. 
Time of seeding, quantity of seed, metheds of seeding, cultural 

treatment, and protection from grazing until the plants have become 
firmly established are fully discussed in Bulletin 4.1. The selection 
“of species for seeding also is fully discussed in the same bulletin. 
The lst given, however, includes a number of species which should 

be tested further by seeding under expert supervision before they are 
used extensively. The species which have given the best results are 
timothy, Kentucky biue grass, smooth brome grass, redtop, alsike 
clover, and white clover. Range seeding should be confined primarily 
to these species unless other species are known locally to have given 
satisfactory results under conditions similar to those on lands where 
seeding is to be done. 

Investigations have been under way for several years to determine 
the practicability of hastening revegetation on depleted ranges by 
seeding with seed of suitable native forage plants. A number of 
promising species have been grown in nurseries in the hope of select- 
ing plants which can be placed under cultivation so that seed may 
be secured without prohibitive cost. The indications are that, for a 
number of years at least, the most economical method will be to pro- 
tect areas where the plants of which seed is desired are already grow- 
ing vigorously and from these areas collect seed for use on similar 
denuded lands in the same locality. While the cost of collecting the 

native seed is high and the seed often of low fertility, there appear 
to be future possibilities of building up and maintaining range in this 
way. Further tests on a large scale are under way to find out more 
definitely the results which may be expected, as well as the cost. 
Reliable data will no doubt be available by the time that extensive 
seeding can be undertaken. 

NATURAL RESEEDING. 

The limited possibility of increasing the forage crop by seeding 
range lands to cultivated forage plants emphasizes the need of build- 

1 Sampson, Arthur W., The Reseeding of Depleted Grazing Lands to Cultivated Forage 

Plants. U.S. Department of Agriculture, Bul. 4, 1913, 
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ing up depleted ranges and maintaining all range lands by giving the 
desirable native forage plants a chance to reproduce. The mainte- 
nance of maximum forage production would not be difficult if graz- 
ing could be deferred on all ranges each year until the forage plants 
have gone to seed. Protection to this extent, however, is clearly im- 
practicable because of the need for range forage during the main 
growing season of the vegetation. Necessity, therefore, demands a 
system which will permit the maximum grazing possible during the 
growing season and still maintain the range. Such a system must 
take into consideration the requirements of the vegetation which 
makes up the forage crop and the relation of grazing to these re- 
quirements at different stages of growth. For many of the more im- 
portant forage plants the natural requirements of growth and re- 
production, as well as the way in which grazing interferes with or 
promotes these requirements, have been studied; and though there, 
is a great deal yet to be learned along these lines, fundamental prin- 
ciples of grazing management have been developed which have given 
good results in practical application. 

Tt remains to extend the application of these principles to other 
ranges. In doing so, the first step is to fix the opening of the graz- 
ing season in accordance with the suggestions of the paragraphs on 
Grazing Periods. Unless this is done, the management which follows 
will not produce the results desired. The next step is to carry out 
the suggestions given in the discussion of Grazing Capacity. It is 
important, then, that the management of the stock be such as to se- 
cure as nearly as possible uniform grazing over the range. Local 
overgrazing around watering places, bedding grounds, salting 
grounds, and other places where stock naturally congregate must 
be prevented; where it can not be prevented, it should be limited to 
small areas. Otherwise, the damage from this source will offset, or 
more than offset, the improvement from other measures. These steps 
must precede or accompany the application of a system of deferred 
and rotation grazing intended to promote natural reseeding. 

DEFERRED AND ROTATION GRAZING. 

The following are some of the principles developed in investiga- 
tions on the relation of grazing to growth and reproduction of range 
forage plants.t 

(1) Removal of the herbage year after year during the early part of the 

growing season weakens the plants, delays the resumption of growth, advances 

the time of maturity, and decreases the seed production and the fertility of the 

seed. 

+Sampson, Arthur W., Natural Revegetation of Range Lands Based upon Growth 

Requirements and Life History of the Vegetatior. U. S. Department of Agriculture, 

Journal of Agricultural Research, Vol. III, No. 2, pp. 98-147, Noy. 16, 1914. 
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(2) Under the practice of yearlong or season-long grazing, the growth of 

the plants and seed production are seriously interfered with. A range so used, 

when stocked to its full eapacity, finally becomes denuded. 

(3) Grazing after seed maturity in no way interferes with flower-stalk 

production. As much fertile seed is produced as where the vegetation is pro- 

-tected from grazing during the whole of the year. 

(4) Deferred grazing (grazing after seed maturity) insures the planting 

of the seed crop and the permanent establishment of seedling plants without 

sacrificing the season’s forage or establishing a fire hazard. 

(5) Deferred grazing can be applied wherever the vegetation remains pal- 

atable after seed maturity and produces a seed crop, provided ample water 

facilities for stock exist or may he developed. 

(6) Yearlong protection against grazing of the range favors plant growth 

and seed production, but does not insure the planting of the seed. Moreover, 

it is impracticable, because of the entire loss of the forage crop and the fire 

danger resulting from the accumulation of inflammable material. 

Excessive damage from grazing during the early part of the grow- 
ing period is largely avoided if grazing doesnot begin until the main 
forage grasses are in the boot. But between this opening date and 
the time of seed maturity of these same plants there is a period of 
about six weeks, during which continuous grazing year after year 

on a fully stocked range would materially weaken the forage plants 
and result in range deterioration. The system of deferred and rota- 
tion grazing aims to minimize the injury from grazing during this 
period (1) by having each portion of the range bear its share of the 
early grazing and (2) by protecting each portion of the range in its 
turn until after seed maturity, so that the main forage plants will 
regain their vigor and reproduce either from seed or vegetatively. 

Suppose, for example, that the grazing season on a range unit or 
range allotment covers the period from May 1 to October 31 and 
that the vegetation is similar in character and the period of growth 
about the same throughout the unit, with the seed of the main forage 
plants maturing September 1. To apply a deferred and rotation 
grazing system, the unit might be divided into three parts of about 
equal grazing capacity, in a way to give the best distribution of water 
and shade and the best control of stock on each third. 

Suppose the third most in need of improvement is numbered 1, the 
one second in need of improvement numbered 2, and the third divi- 
sion numbered 3. The order of deferred grazing for a period of six 
years should then be as follows: 

Year. Area No. 1. Area No. 2. Area No. 3 

Sept. 1 to Oct. 31.......- aoee| dilyeh bOPAmI oles aa see a= May 1 to June 30. 
~ebasdea Be aesee a =aaee Sed O Se awiss sense See ecient May Lito suneso=a==. - oo--er|euly UitorAugest: 

dallyeMcopAie ol sae ee Septal toOctrolemes cea May 1 to June 30. 
Shisha indie Veseeersoesesiooora Goethare hte: July ito Aug. 31. 

ay NOMS eae. Ss 8s .--| July 1to Aug. 31... 
ae “July 1to Aug. 31 Bae May, kiodunes0::- 

155 to 15307. Berea lelaicals| “rate al tete cian enlace cece eee ae Seen e eee otc Gecoeicismaaisics 

1 Repeat order of grazing for 1919 to 1924. 

Sept. 1 to Oct. 31. 
Do. 
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The foregoing example apples to range where the soil still retains 

most of its original fertility and where there is still considerable 
of the original perennial vegetation. If the range has deteriorated 
beyond this stage, more than two years of deferred grazing on each 
third of the range will be necessary for revegetation, and the rotation 

will extend over a longer period. The number of years necessary or 
the number advisable depends upon the extent to which the vegeta- 
tion has been killed out and the soil depleted in fertility* and must 
be decided in the individual case after a careful examination of the 
vegetation. Deferred grazing should be continued until there is sat- 
isfactory reproduction of the principal forage species. 

Of course, there are difficulties to overcome in the application of 
deferred and rotation grazing, but in only a very few cases is it im- 
possible to work out and eventually apply a plan which will aid in 
maintaining the vigor and productiveness of the main ferage plants 
and occasionally allow the production of a seed crop. On ranges 

within the National Forests the two main difficulties are: (1) Great 
variation in character of forage and growing season, due to varia- 
tion in altitude and exposure; (2) lack of fences or other means 
of controlling the stock, especially cattle. 

The division of range into spring grazing extending up to about 
July 1 and summer grazing from July 1 on, as suggested in the dis- 
cussion of seasonal grazing, will in part overcome the difficulty of 
variation in growing season. The growing season throughout the 
range set aside for spring grazing will ordinarily be uniform enough 
to admit of a plan for deferred grazing to meet the needs of this 
range. Likewise, the growing season on the range opened to use 
about July 1 will be sufficiently uniform to make possible a sub- 
division for deferred grazing along the lines of the sample plan 
given. This division into spring and summer grazing has been made 
on parts of the range on many National Forests, especially on the 
sheep range. And in many instances deferred and rotation grazing 
has been applied in the way shown in figure 4. Eventually there » 
must be some such division on most of the cattle ranges, with corre- 
sponding control of the cattle to prevent premature grazing of the 
higher range in certain cases and in others to prevent seasonlong 
grazing and overstocking of the range at the lower altitudes. 

The variation in season of growth between the Forest. boundary 
and the mountain top and high basins is so great that inclusion of the 

1Sampson, Arthur W., Natural Revegetation of Range Lands Based upon Growth 

Requirements and Life History of the Vegetation. U. S. Dept. of Agriculture, Journal 

Agricultural Research, Vol. III, No. 2, pp. 93-147, Nov. 16, 1914. 

Sampson, Arthur W., and Weyl, L. H., Range Preservation and its Relation to Erosion 

Control on Western Grazing Lands. U. 8S. Dept. of Agriculture, Bul. 675, 1918. 

Sampson, Arthur W., Plant Succession in Relation to Range Management. U. S. Dept. 

of Agriculture, Bul. 791, 1919. 
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whole stretch of country in one grazing period without control of 
steck between the boundary and the sky line is ineffective. Ther 
should be a division to provide units of management upon which 
grazing conditions are nearly uniform. identical or even approxi- 
mately identical conditions can not be expected, because the low 
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Fic. 4.—Range type classification and order of deferred grazing for a summer sheep allot- 

ment on the Caribou National Forest. - 

grazing capacity of the range in general will not justify the quantity 
of fencing necessary to control the stock on small areas. The first 
main division between spring and summer range, however, is essen- 

tial and should be warranted, as only large areas are involved. it 

is worth thinking about and planning for, even if adequate control 

of stock can not be secured at once. 
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Where the spring cattle range is fenced off from the summer 
range there still is difficulty in securing adequate control of the 
cattle. It will probably be many years before division fences are 
built to provide for deferred and rotation grazing on small units, 
in accordance with the sample plan of this chapter. But cattle units 
ordinarily are large; and if they are kept large, as suggested in the 
paragraphs on Management of Cattle, deferred and rotation grazing 
should eventually be made possible by division fences on both spring 
and summer range. With this end in view, comprehensive plans 
for the future management of each cattle unit should be developed 
as soon as possible, so that fences constructed for other purposes 
will fit into the plan ultimately to be put into effect. At least, care 
should be exercised in the location of all fences to see that they will 
not interfere with the proper division and management of the range 
unit as a whole. 

Meantime deferred grazing can be secured to a considerable extent 
on parts of cattle range in need of it by salting the stock away from 
the area to be protected, and in some cases by closing watering 
places on the area until after seed maturity of the important forage. 
plants. Part of the stock accustomed to grazing the area during 
the early part of the grazing season will graze the protected area, 
regardless of insufficient salt and water, but a reduction of 50 per 
cent in the number that the area is supposed to carry will result in 
the protection of at least a part of the vegetation. 

The problem of controlling the stock is not a difficult one in the 
case of sheep, so long as the range area to be grazed or protected 
from grazing is large enough to accommodate a band of from 1,000 
to 1,500 head of ewes: and their lambs under herding. On ranges 
of high grazing capacity, and not divided into small parts by 
canyons and ridges, to confine the band to the area represented by 
one-third of the grazing capacity might necessitate too close herd- 
ing for the good of either sheep or range. Such a case might readily 
occur on a high, sparsely timbered summer range grazed only for 
about six weeks, or on a spring range which is of high grazing 
capacity, and used for only one or two months. In either case, how- 
ever, the range involved is used from a number of central camps. 
Instead of using the camps in the same order every year, the order 
can be changed so that during a period of five or six years the range 
used from each camp will stand its share of grazing prior to seed 
maturity, so far as is consistent with the use of the range when the 
forage is suitable for sheep. Such a plan is shown in figure 3. 

In a few cases the difficulty of adjustment has been overcome by 
using three or four sheep allotments as the unit for a system of 
deferred and rotation grazing, one allotment at a time being pro- 
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F—31395—A 

The area on the left of the fence has been grazed heavily after the plants matured seed each 
year for a number of years. The area to the right has been grazed during the main 
growing season. Much of the vegetation to the right is weeds and grasses of secondary 
forage value. To the left the vegetation is mainly the best forage grasses of the region. 
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tected until after seed maturity. This plan involves frequent redi- 
vision of range or departure from individual ranges for each band 
during the grazing season. It may work satisfactorily In some 
cases, but not generally. If it is necessary in order to build up an 
area, however, such a plan with its accompanying readjustments 
should be followed. The application of this plan would involve 
the substitution of allotments for the subdivisions in figure 4 and in 
the example given on page 61. 

Tt would be difficult and perhaps unnecessary to discuss further 
the local preblems to be overcome in applying deferred grazing. The 
suggestions given here and in the paragraphs on Grazing Periods 
and Grazing Capacity will make clear the importance of giving each 
portion of the range the maximum opportunity for unhindered 
growth after the growing season opens. Where possible a system of 
deferred and rotation grazing should be put into application. Where 
the application of such a system is not possible at the present time 
it should be provided for in working out future plans of manage- 
ment. Meantime, the period of using the range from a given camp 
on sheep range should be varied from year to year so as to distribute 
the early grazing as far as practicable. On cattle range, salting, 
closing water, and riding should be resorted to in the absence of 
fences to distribute early and late grazing; but the aim should be to 
have the cattle ranges grazed under a system of deferred and rota- 
tion grazing ultimately, as a means of maintaining the forage pro- 
duction under maximum grazing. Improvement varying from a few 
per cent to several hundred per cent has been brought about in partly 
depleted ranges as a result of following this system of grazing; and 
new evidence is available each season indicating that probably 25 
per cent more stock can be carried on a range year after year under a 
deferred and rotation grazing system than on the same range with 
no effective provision for distributing the grazing prior to seed ma- 
turity, or no adequate provision for natural revegetation. 

Additional references (arranged chronologically) . 

Kennedy, P. B. Cooperative Experiments with Grasses and Forage Plants. 
U. 8S. Division of Agrostology, Bulletin 22, 1900. 

Lamson-Scribner, F. Economic Grasses. U. S. Division of Agrostology, Bulle- 
tin 14, 1900. 

Hitchcock, A. 8. Cultivated Forage Crops of the Northwestern States. U. S. 
Bureau of Plant Industry, Bulletin 31, 1902. 

Nelson, Elias. Native and Introduced Saltbushes. Wyoming Agricultural Hx- 
periment Station, Bulletin 63, 1904. 

Cotton, J. S. Range Management in the State of Washington. U. S. Bureau of 
Plant Industry, Bulletin 75, 1905. 

Cotton, J. 8. The Improvement of Mountain Meadows. U.S. Bureau of Plant 
Industry, Bulletin 127, 1908. 

Griffiths, D. The Reseeding of Depleted Range and Native Pastures. U. S. 
Bureau of Plant Industry, Bulletin 117, 1907. 

Vinall, H. N. Meadow Fescue; Its Culture and Uses. U. S. Department of 
Agriculture, Farmers’ Bulletin 361, 1909, 
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Griffiths, D. A Protected Stock Range in Arizona. U. S. Bureau of. Plant 
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Thornber, J. J. Phe Grazing Ranges of Arizona. Arizona Agricultural Experi- 
ment Station, Bulletin 65, 1910. 

Sampson, Arthur W. Range Improvement by Deferred and Rotation Grazing. 
U. S. Department of Agriculture, Bulletin 34, 1913. 

Jardine, James T. Improvement and Management of Native Pastures in the 
West. U. 8. Department of Agriculture, Yearbook 1915, pp. 299-310; Year- 
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Douglas, L. H. Deferred and Rotation Grazing, Hayden National Forest, 
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Wooton, HE. O. Factors Affecting Range Management in New Mexico. U. S. 
Department of Agriculture, Bulletin 211, 1915. 

Wooton, H. O. Carrying Capacity of Grazing Ranges in Southern Arizona. 
U. S. Department of Agriculture, Bulletin 36, 17916. 

Jardine, James T., and Hurtt, L. C. Increased Cattle Production on South- 
western Ranges. U. S. Department of Agricuiture, Bulletin 588, 1917. 

Sempson, Arthur W. Important Range Plants. U. S. Department of Agricul- 
ture, Bulletin 545. 1917. 

Sempson, Arthur W. Climate and Plant Growth in Certain Vegetative Asso- 
ciations. U.S. Department of Agriculture, Bulletin 700, 1918. 

Sampson, Arthur W. Plant Succession in Relation to Range Management. 
U.S _ Department of Agirculture, Bulletin 791, 1919. 

GRAZING AND PROTECTION OF TIMBER, WATERSHEDS, GAME, 
AND RECREATIONAL USE. 

POLICY. 

“ National Forests have for their objects to insure a perpetual sup- 
ply of timber, to preserve the forest cover, which regulates the flow 
of streams, and to provide for the use of all resources which the 
forests contain, in the ways which will make them of largest service.” * 
If the suggestions given in preceding sections on the fundamental 
principles generally applicable in grazing management are followed 
in-practice, damage to the forests will be limited to individual cases 
where a combination of factors makes special treatment necessary to 
insure the proper protection of the timber resources and watersheds. 
On the other hand, the damage may be widespread and unwarranted 
if division of the range among different classes of stock, periods of 
grazing, grazing capacity, and management of the stock are not 
worked out with a reasonable degree of efficiency along the lines 
suggested. 

PROTECTION OF TIMBER. 

CONIFER SPECIES. 

Through investigation and experience over a period of years a 
number of important principles have been developed for harmoniz- 
ing grazing use with the production of timber. The intensive investi- 
gations on the effects of grazing upon the reproduction of conifer 
species have been concentrated mainly on western yellow pine. The 

suggestions based upon these investigations, however, will serve as a 

1A few reprints available in Forest Service, Washington, D. C. 

2U. S. Forest Service. The National Forest Manual; Regulations and Instructions. 
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guide in making necessary adjustments where other conifer species 

are involved. 
Intensity of grazing—The injury to conifer reproduction from 

grazing by any class of stock varies directly with the intensity of 
grazing. Hull? found in Arizona and New Mexico that “on over- 
grazed areas all classes of stock are apt to damage small trees (west- 
ern yellow pine) severely. Cattle and horses may damage about 10 
per cent of all reproduction. Where sheep are grazed along with 
them, however, at least 35 per cent of the total stand may be severely 
damaged. Ordinarily sheep cause about seven and one-half times as 
much damage as cattle.” Under normal conditions of grazing, Hill 
found that “ cattle and horses do an inconsiderable amount of damage 
to western yellow-pine reproduction, but that sheep may be respon- 
sible for severe injury to 11 per cent of the total stand of reproduc- 
tion under about 4 feet in height.” 
Sparhawk? found in central Idaho that from 20 to 30 per cent 

of seedlings less than 1 year old were killed by sheep grazing and 
trampling on moderately grazed areas and 6.5 per cent on lghtly 
grazed plots. On moderately grazed areas only about 1 per cent of 
the yellow-pine reproduction over 3 years of age was killed. Mod- 
erate grazing means removal of the greater part of the forage readily 
eaten by sheep. 

Character of forage.—Vf there is an abundance of forage suitable 

for stock there will be little damage to tree reproduction by browsing. 
On the other hand, if there is little forage suited to the class of stock, 
especially sheep, the tree growth within reach will be browsed. This 
is why moderate grazing by sheep is defined as removal of the greater 
part of the forage readily eaten by sheep. Grazing until the less 
palatable forage is eaten will result in marked increase of damage to 

young tree growth, both from browsing and trampling. 
Hill found that on range where the greater part of the forage is 

bunch grasses, sheep injured 32 per cent of the western yellow-pine 
reproduction under about 4 feet in height. The same intensity of 
erazing on range better suited to sheep resulted in severe injury to 
only about 10 per cent of the reproduction. The bunch grasses were 
not overgrazed, but they are not suitable for the main forage for 
sheep. Even light grazing would result in considerable damage to 
the young trees. Cattle on the same range would do little damage if 
overgrazing were avoided. 

Time of grazing—Both Hill and Sparhawk found that injury to 
tree reproduction is least when the range is grazed during the time 

1 Hill, Robert R. Effects of Grazing upon Western Yellow Pine Reproduction in the 

National Forests of Arizona and New Mexico. U.S. Department of Agriculture, Bul. 580, 

dik) d a Ge 

2Sparhawk, W. N. Effect of Grazing upon Western Yellow Pine Reproduction in 

Central Idaho. U.S. Dept. of Agriculture, Bul. 738, 1918, 
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that the main forage is tender. This finding is in keeping with the 
conclusion that the extent of injury depends upon the supply of 
available forage suitable for the class of stock. When the herbaceous 
forage becomes dry and tough, sheep browse more on the young 
trees unless there is other browse more palatable. 
Method of handling stock.—The way in which sheep are handled 

has an important bearing upon the extent of damage to tree repro- 
duction both from trampling and browsing. Close herding, round- 
ing up with dogs, driving in a close herd, shading up for long 
periods, and bedding more than one night in a place are all destruc- 
tive to young trees. Such practices can not be followed without 
excessive trampling, which destroys a great many seedlings, or with- 
out grazing the forage suitable for sheep so closely that the sheep 
browse the young trees much more than they do where there is plenty 
of other forage. The damage will vary with the extent of bad man- 
agement of the sheep, from injury which is not alarming to com- 
plete destruction of tree reproduction under 4 feet in height. If 

sheep are quietly grazed in loose formation, bedded only one night 
in a place, and given plenty of salt, the damage to tree reproduction 
will be kept at a minimum and ordinarily will not be alarming if 

the forage is suited to sheep and the range is not overgrazed. 
When cattle congregate around water holes, salt licks, corrals, 

shading grounds along drainage, and at the edge of parks, they 
injure a great many young trees by rubbing. On 17 representative 
plots studied, Hill found 31 per cent of the trees between about 3 
feet and 6 feet in height severely damaged. The damage can be 
reduced by proper salting, more watering places, and riding to keep 
the cattle properly distributed. 

Tt is the general opinion that goat grazing is very destructive to 
young timber growth. Undoubtedly this is true where the range is 
heavily overgrazed and the goats are grazed from one camp through- 
out the entire year or for long periods. Three years’ study of goat 
grazing, however, has resulted in data which indicate that a great 
deal of the damage may be charged to the methods of handling the 
range and the goats.t Goats prefer almost any other browse and 
green grass to conifer reproduction. If they are properly handled on 
range where there is ample forage, including browse and grass suited 
to them, they will eat little of the conifer reproduction. The old 
practice of overgrazing the range by goats and returning to one 
camp every night throughout the year or for long periods means 
death to the range as well as to the tree growth within reach. This 
practice should be stopped whether tree growth is involved or not. 
Goats should be handled under a system of open herding with fre- 

1Chapline, W. R. Production of Goats on Far Western Ranges, U. 8. Dept. of Agricul- 

ture, Bul, 749, 1919. 
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quent change of bedding ground. The bedding-out system of herding 
so widely adopted in handling sheep should be approached, if not 
adopted, in the handling of goats on the range. Unless these precau- 
tions are observed unwarranted injury to both range and tree growth 
may be expected. 

ASPEN. 

A study to determine the effects of grazing upon reproduction of 
aspen was conducted over a period of years on the Manti National 
Forest.1. It was found that the leafage of young twigs of aspen is 
browsed in varying degree by both sheep and cattle. Sheep may be 
responsible for severe damseae to aspen reproduction both in stand- 
ing timber and on clear cuttings, regardless of the variety and sup- 
ply of other choice forage. The damage from cattle grazing is 
usually slight, except where the range is overgrazed and around 
water, salt hcks, and shading and bedding grounds where the cattle 
congregate. 

Observations over a period of five years on range in standing tim- 
ber showed that 27.2 per cent of the aspen reproduction under about 
40 inches in height was killed by light sheep grazing; 31.8 per cent 
by moderate grazing; and 65 per cent by heavy grazing. On clear- 
cut plots the damage annually was found to be exceedingly heavy. 
Three years of successive sheep grazing on such plots following clear 
cutting of the standing timber resulted in complete destruction of the 
aspen reproduction. After the sprouts reach a height of about 45 
inches, which takes about three years, they are beyond destructive 
teers by sheep. 

The foregoing conclusions apply, no Tolle to other central Utah 
Forests than the Manti. Observations slyenluers do not always show 
such marked damage from sheep grazing on range where other forage 
suitable for sheep is available. It is a fact, homeree that overgraz- 
ing or heavy grazing by sheep will prevent a good and of aspen 
reproduction. Continued overgrazing by cattle also will seriously in- 
terfere with, if it does not prevent, satisfactory reproduction. 

It is imperative, therefore, to avoid overgrazing and mismanage- 
ment of the stock. In addition, only well-regulated, moderate cattle 
grazing should be allowed in clear-cut and thinned aspen forests 
during the first three years after cutting or thinning, if it is desired 
to secure a satisfactory stand of aspen reproduction. 

IMPORTANCE OF PROPER MANAGEMENT OF THE RANGE AND THE STOCE. 

In this whole problem of adjusting grazing so that it will not 
interfere to an unwarranted extent with timber production the 
foundation is grazing management and management of the stock. 

1Sampson, Arthur W. [Effect of Grazing upon Aspen Reproduction. U. 8. Dept. of 
Agriculture, Bul. 741, 1919. 
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If the range is used by the class of stock to which it is best suited, 
and the grazing and management of stock so regulated that range 
deterioration is avoided, the general damage to tree reproduction 
from grazing will not be a cause for worry, and the benefits from 
grazing, by a reduction of the fire hazard, will offset to a consider- 
able extent the shght damage which may be done. 

Perhaps there will always be special cases of reproducing cut- 
over areas, reproducing burned areas, plantations, and areas of spe- 
cial importance in standing timber, where special restrictions in graz- 
ing management will be necessary. Such areas are small compared 
with the total acreage of National Forest range. The difficult prob- 

lem in such cases is to control the stock and apply the method of 
management needed without restricting grazing on other areas which 
might well be grazed. The solution will have to be worked out for 
the individual case by reduction in number of stock, change in class 
of stock, fencing to control or exclude stock, herding, water develop- 
ment, and proper salting. 

WATERSHED PROTECTION. 

One primary purpose of the National Forests is to preserve the 
cover which regulates the flow of streams. Cover in this sense in- 
cludes the tree cover, the herbaceous and shrubby cover, and the 
surface soil with its decayed and decaying vegetable matter. This 
understanding of cover in relation to the regulation of stream flow 
is imperative in the management of grazing on the lands within the 
National Forests. 

In open-stand forests the herbaceous and shrubby cover and the 
condition of the surface soil may be important factors controlling 
run-off. Where this cover is dense or comparatively dense, there 
will be little danger from grazing the forage as closely as it may 
be grazed and forage production maintained year after year. 
Where the herbaceous cover consists of a thin stand of bunch 
grasses and a few weeds, erosion and too rapid run-off may occur, 
even if the lands are not grazed. Light grazing under such condi- 
tions will probably not interfere with the regulation of stream flow; 
for there will not be enough trampling to pack the soil, there will be 
a slight increase in fertility from manure, and the stock will carry 
in seed to improve the stand of vegetation. Grazing that fully 
utilizes the forage on such areas, however, may result in packing the 
soil and decreasing its power of absorbing and holding precipitation. 
The conditions vary. No definite rule can be laid down, except that 
overgrazing must be avoided, even on small areas. If use is to be 
continued, the man on the ground must watch the results closely and 
adjust the management accordingly. 
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Vital portions of many important watersheds are untimbered or 
sparsely timbered. The maintenance of stability and regularity in 
stream flow under such conditions is dependent upon the maintenance’ 
of an herbaceous and shrubby cover and a surface soil which will be 
effective in preventing erosion and unwarranted run-off. Mainte- 
nance of an effective vegetative cover is imperative. No halfway 
measures will do, and it is unwise to allow deterioration at all, as 
erosion and soil depletion may start and be difficult to control. Over- 
grazing and too early grazing must be avoided. Deferred and rota- 
tion grazing should be applied, and stock should be properly dis-' 
tributed throughout the grazing period. These subjects have been 
fully discussed in preceding chapters. 

The topography, the soil, and the character of the storms may be 
such that stability in stream flow can be maintained only by complete 
protection of the herbaceous cover and surface soil. Fortunately, the 
areas where complete protection against grazing is necessary are 
small and few in number as compared with the whole. However, 
they are usually distributed throughout larger areas of range in such 
a way that the only means of getting complete protection by control 
of the stock is to fence the small area or exclude stock from the 
larger unit involved. 

Total exclusion of stock from a watershed might be recommended 
as a means of protecting vital parts of that watershed. This pro- 
eedure could hardly be considered a solution, however, because in 
practice stock would be excluded from a large area which has been 
used for grazing for a number of years, probably only after condi- 
tions had become so bad that total protection from grazing would 
not, in itself, remedy the condition. A practical solution must stop 
the breaking down of the cover when the break begins and where it 
begins. The idea that injury resulting in marked erosion and rush 
of water from a small part of a watershed is warranted, in view of 
the great value of grazing on the complete watershed, is dangerous. 
Where such a condition is thought to exist a solution must be found 
which will give the necessary protection. Fencing of the critical 
area may be warranted rather than complete exclusion of grazing 

from the watershed as a whole. The cost of fencing as compared 
with the total value of the forage crop lost by exclusion of stock will 
be the basis for decision. 

PROTECTION OF GAME. 

Full discussion of the subject of game protection is not within the 
scope of this bulletin. The aim here is to make clear that protection 
and development of the wild life of the Forest must go hand in hand 
with the development and management of the range resources for 
use by domestic stock. In the first chapter, discussing the classifi- 
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cation of the range and its division between different classes of stock, 
it 1s pointed out that the forage habits of elk, deer, and mountain 
sheep are similar to those of cattle and sheep, and that, as a conse- 
quence, there may be conflict where a range as a whole is fully stocked 
or where either the summer range or the winter range of the game 
animals is fully stocked with cattle and sheep. It is obvious, there- 
fore, that the needs of the game animals for range must be given 
more and more consideration as grazing by domestic stock becomes 
more intensive. There is the immediate problem of seeing that 
range is provided for the elk, deer, and mountain sheep already in 
any given locality. There is the future problem of providing for 
wider distribution of these animals and providing range for in- 
creased numbers in localities where an increase is desirable. 

For either of these purposes it is necessary to know the number 
and distribution of game animals on each National Forest, the char- 
acter of range necessary for the proper maintenance of each class, the 
area and grazing capacity of such range already available, and the 
need for increasing the present acreage or of restricting its further 
development for use by live stock. More accurate information on 
these subjects is vital to proper maintenance of the game withcut 
undue restriction of the development and use of the range by domestic 
stock. 

Careful observations as to forage available for game animals will 
involve a study of the ranges in use by cattle and sheep as well as 
areas not used by domestic stock. ‘The preceding chapters should 
make clear the difficulty of securing equal distribution of domestic 
stock over the range so as to use all the forage available. In the case 
of sheep, for example, forage must be in such quantity that it can 
be used by a band of 1,000 to 2,000 sheep under herding. Not in- 
frequently small pockets of excellent feed, forage in dense brush and 
timber, and narrow strips of grasses, weeds, and browse along streams 
are not utilized by sheep because a band of sheep can not be handled 
on them. This feed, however, may be choice, both in character and 
location, for use by game. There may be enough range of this sort 
to provide summer feed for all the game animals which can be pro- 
vided with forage or feed during the winter. This fact, or the con- 
trary, should be established by a study of the situation. 

The problem of winter range is more complicated. A great deal of 
the former winter game range has been taken by settlement, making 

it difficult in some localities for the game animals to live through 
the winter, even if there is little or no grazing by domestic stock. 
Where this is the case a thorough winter study of the winter game 
range should be made at the first opportunity. Such a study should 
be made by some one acquainted with the habits of game animals and 
having a knowledge of range. The big question is to determine 
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whether there is sufficient suitable forage available in places where 
it is practicable for game to use it without unwarranted loss of ani- 
mals. During the course of such studies there will be opportunity to 
collect information as to the number and kind of game animals on 
the range. 

Before opening up new range to domestic stock, the use, or prob- 
able use, of the area by game should be earefully considered. This 
precaution is of increasing importance as range management is per- 
fected to secure more complete use of forage by domestic stock, both 
within the individual range unit and within the Forest as a whole. 
Tt is not intended that development of the grazing resources for use 
by domestic stock shall unduly restrict the development of game or 
interfere with its proper protection from loss due to lack of suitable 
forage. On the other hand, it is not intended that forage which 
might be used by domestic stock shall go unused for years if it is not 
needed by game. Each has its place in the development and use of 
the National Forest resources, and every forest officer should realize 
that he shares the responsibility of determining the proper relation 
between the two. The problem, so far as range is the deciding factor, 
is one for study and solution on the individual ranger districts. 

RECREATIONAL USE. 

The number of people who visit the National Forests for recrea- 
tion is increasing annually, and it is probable that development 
along this line is only just beginning. This use of the National For- 
est lands as a general rule will not require any great reduction in 
numbers of stock or any great change in grazing management. On 
individual Forests, however, considerable readjustment of grazing 
may be necessary, and throughout the National Forests the grazing 
use of certain portions of the range may have to be adjusted so as to 
meet the needs of campers and summer residents. 

Protection of camping places and forage for the work, saddle, and 
pack animals of campers is perhaps the most pressing need at pres- 
ent. Campers greatly outnumber the summer residents. The num- 
ber which will visit any given locality in a given year and the time 
that they will appear is somewhat uncertain, and the length of time 
that they remain varies from year to year. It is certain, however, 
that suitable camping grounds should be provided and given sufli- 
cient protection from grazing to preserve their natural attractiveness. 
By careful selection and improvement of camp sites it will be possi- 
ble to induce campers to use locations selected by forest officers. The 
establishment of a system of permanent camp sites will greatly 
facilitate adjustments in grazing so as to protect the camps and re- 
serve feed near by for use by campers’ stock. 
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The area which should be protected against grazing will vary and 
must be decided for the individual case. To insure the necessary 
protection against grazing on sheep range the area to be protected 
should be marked by posters. On cattle range it may be necessary to 
establish fenced public pastures in order to insure the reservation 
of feed at places convenient to the camp grounds. 

Adjustment of grazing to meet the needs of summer residents, 
hotels, and summer resorts, for range and protection against stock, 
will have to be worked out in the individual case in accordance with 

the general policy of putting the lands to their highest use. 
In the management of grazing as it relates to recreational use 

the essential thing at the present time is to realize fully the growing 
importance of recreation and to make provision for the necessary 
forage and protection of camp sites in working out plans for grazing 
management, especially where such plans involve opening up new 
range, increasing the number of stock, changing the class of stock, 
or the establishment of stock driveways, or where the grazing plan 
contemplates expenditures for permanent range improvements. 
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RANGE RECONNAISSANCE AND RANGE INSPECTION. 

OBJECT. 

The objects of range reconnaissance and range inspection in a 
broad sense are the same. In either case the survey or examination 
of the range is made to collect information necessary for improving 

1A few reprints available in the Forest Service, Washington, D. C. - 
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or perfecting range management and utilization along the lines dis- 
cussed in the preceding pages. The two differ in the intensiveness 
of the work and consequently in the degree of permanence of the 
maps and grazing-management plans resulting. Intensive range 
reconnaissance has been developed to a point where an adequate dis- 
cussion of all phases of the work would itself fill a bulletin. The 
discussion here aims merely to make clear the essential differences 
between range reconnaissance and range inspection, the limitations 
and application of each. 

RANGE RECONNAISSANCE. 

An intensive range reconnaissance survey results in the prepara- 
tion of a map classifying the area examined into grazing types, 
showing for each type the location, acreage, topography, amount, 
and character of vegetation, condition of the range, available water- 
ing places, and cultural features. The work is done with sufficient 
accuracy so that the resulting data will serve as the basis for present 
and future plans of grazing management, regardless of the intensity 

of grazing. The foundation for such a survey is a topographic map 
of at least reasonable accuracy. If a satisfactory topographic map 
has not already been prepared by some other survey, one must be 
made either in advance of or as a part of the grazing survey. 
Range inspection is less intensive. If accurate topographic maps 

are available, a general grazing-type classification can be made dur- 
ing the inspection; but the detail of classification secured by the 
reconnaissance survey can not be secured by an examination which 
logically would be called a range inspection. 

The range reconnaissance proceeds systematically; first'in the col- 
lection of the field data, then in its compilation, and finally in the 
preparation of grazing-management plans, usually in the office, to be 
adjusted later in the field. Range inspection aims at sizing up a 
range unit in the field, finding the flaws in the existing management, 
and deciding upon the remedies, at the same time collecting suffi- 
cient data to point out the existing faults of management and show, 
how to make the adjustments recommended. 

Tt is possible to use men who have had but little preliminary expe- 

rience In a range-reconnassance party under the direction of a well- 
trained chief of party; while on inspection only men who have had 
several years of experience in judging range can work effectively. 

There is little doubt that surveys intensive enough to determine 
acreage by types to within an average error of about 5 per cent will 
eventually be necessary as a basis of intensive range management on 
fully stocked forests. This accuracy will necessitate a range-recon- 
naissance survey. 
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Figure 4 was prepared from a grazing-reconnaissance survey 
map. It shows the detail of classification into grazing types. The 

large waste area emphasizes the importance of determining the acre- 
age and location of areas which are of no value for grazing, both in 
estimating grazing capacity and in planning use of the area of graz- 
ing value. The distribution and grazing capacity of the other types 
and the topography and water facilities furnish a good basis for 
deciding the important questions discussed in preceding chapters. 
Data on acreage, vegetation, and grazing capacity by types, ordi- 
narily included on maps for grazing working plans, are omitted in 
the illustration. 
»- At the rate intensive range reconnaissance will prebably proceed 
many years will be required to cover the ranges within the National 

Forests. Meantime, much can be accomplished in correcting errors 
of grazing management by systematic range inspection. 

RANGE INSPECTION. 

_ The following outline will serve as a guide to the major questions 

which should be answered by the range inspector. As far as praeti- 
cable in the time allotted for the inspection the field examination 
should be made with a view to furnishing the information desired 
for each small describable unit of range. 

OUTLINE FOR RANGE INSPECTION. 

1. Is the range unit being grazed by the class or classes of stock to 
which it is best suited? If not, by what class or classes of stock 
should it be grazed? The answer in each case should be in accord- 
ance with the suggestions given on page 8. Where maps are avail- 
able the class or classes of stock to which each unit is best. suited 
should be graphically shown. Photographs illustrating the topog- 
raphy and types should accompany this portion of the report. 

2. Is the grazing season for each unit what it should be? Ii not, 
what is the proper period? Give dates. This classification also 
should be indicated on the face of the map used in the field, later to 
be shown graphically on the map accompanying the inspection 
report. 

8. How does the intensity of grazing on the different range units 
compare? Such notes as will be needed in the preparation of a utili- 
zation map, showing areas overgrazed, areas not utilized, areas 
partly utilized, and areas fully or properly utilized should be made 
on the face of the field map and later shown by lines or colors on 
the map accompanying the inspection report. Also, the class of stock 
involved in each case should be indicated. 

4. If the utilization is not what it should be on any one unit or 

number of units, what action should be taken to remedy the situa- 
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tion? Where a general movement of stock from one unit to another, 
such as from one grazing district to another, is recommended, the 
proposed shift should be shown on the map by arrow lines with 
figures indicating the number of animals to be moved. Proposed 
changes in allotment boundaries should be graphically shown if 
maps are available. Otherwise, written descriptions checked on the 
ground must be relied upon. 

5. What is the grazing capacity of each range unit for the class or 
classes of stock to which the unit is best suited? To what extent is 
this estimate dependent upon changes in management? Grazing 
capacity can not ordinarily be determined conclusively in the field, 
but must be computed later from the figures and notations made on 
the face of the field map showing the relative stands of forage on 
the different units and the condition of the range and from avail- 
able data as to the numbers of stock grazed at present and in the 
past. 

6. Have adequate salting plans been developed for the Forest or the 
unit? While the details of salting must be left to the local officers, 
the inspecting officer should make general recommendations where 
necessary relative to the total supply of salt, based upon the graz- 
ing capacity, to be placed on each natural unit. The inspector 
should also offer any constructive criticisms that might aid the local 
force in bettering conditions in this respect. 

7. Are the sheep on each allotment managed as they should be? 
Ordinarily an inspector will not have time to study the manage- 
ment of each band of sheep, but can gain in the course of inspection 
a very accurate idea of the methods employed on different parts 
of the range, and even on particular allotments, by observing the 
condition of the range with reference to the amount of trampling and 
the presence of bed grounds. 

8. Is the tree reproduction being injured, and to what extent? 
The location of any extensive areas where injury has occurred 
should be indicated on the map, the class or classes of stock responsi- 
ble being given. The map should be supplemented by notes giving 
the species and height of trees injured. 

9. Are there any areas on which grazing has caused erosion? 
Indicate on the map the location of such areas and furnish notes 
describing the nature and seriousness of the erosion. If practicable, 
‘photographs should be taken. 

10. What is the condition of the driveways on the Forest or range 
unit? Are they located to the best advantage for the protection of 
the Forest and the interests of the stockmen? Is there an oppor- 
tunity to establish more driveways and follow some plan of rota- 
tion in their use? Should present driveways be widened and addi- 
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tional holding ground be provided? Is feeding along any driveway 
or portion of a driveway necessary and practicable? 

11. Are there any game animals on the range unit? What kinds 
and how many? Where do they range in summer? In winter? 
Information on these points should be obtained from local forest offi- 
cers beforehand and during the inspection to facilitate special obser- 
vation on such areas as may need it. Is there any apparent or prob- 
able conflict between game animals and domestic stock in the use of 
the range? If so, what adjustments in grazing management should 
be made to insure adequate protection for the game? It is especially 
important to make sure that elk and deer have sufficient winter 

forage on areas suitable for their use in winter. 
12. What range improvements are needed? Proposed improve- 

ments should be indicated on the map, and each should be discussed 
in a final report and plan, particularly with reference to the cost 

and the relation of the projects to forage utilization. 
13. What is the condition of the improvements that have already 

been constructed? These should also be located on the map, and, if 
advisable, recommendations should be made relative to the ee 
and cost of maintenance work. 

Everyone engaged in range inspection should collect information 
in the form of notes and photographs on all range improvements, 
such as water development, fences, bridges, corrals, trails, ete., that 
might be used either in bettering conditions in each specific case 
or in standardizing and improving this line of work in general. 
Proposed projects, projects under construction, and completed proj- 
ects should be included. 

14. What are the principal forage types and species on the Forest 
or unit under consideration? If the inspector is not already certain 
of the identity of the more abundant plants, specimens should be 
collected and identifications obtained. Ordinarily the inspecting 
officer will not have the time nor find it convenient to collect and 
care properly for more than 15 or 20 species in the course of an 
inspection. It is essential that notes on the abundance, distribution, 
and forage value of these species be made in the field while the 
inspection is in progress. These notes should be prepared separately 
from the remainder of the report. Where topographic maps are 
available the general division line between types should be drawn 
on the map. 

15. What are the poisonous-plant species, and what is the extent 
of the losses in live stock from poisoning? Poisonous-plant areas 
should be located on a map, and recommendations should be made 
relative to the management of each area. These recommendations 
should contain figures on the acreage, the annual losses, and the cost 
of reducing or eliminating the losses on each separate area. 
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16. Is any part of the range in need of reseeding? Ifso, what plan 
must be followed to bring about the desired improvement? Ordi- 
narily, these areas correspond to the overgrazed areas represented 
on the utilization map, making it unnecessary in most cases to pre- 

pare a special map showing the area of forest lands in need of 
reseeding. 

17. Are there any areas where an intensive grazing reconnaissance 
is urgently needed to make adjustments in grazing management ? 

TYPE CLASSIFICATION, 

In making an intensive grazing reconnaissance 10 different type 

divisions are used: 
1. Grassland other than meadow. 7. Waste range in dense timber and 

2. Meadow. brush. 

3. Weed range. 8. Barren, rock slides, cliffs, and 

4, Sagebrush. denuded areas. 

5. Browse. 9. Woodland, pinion, and juniper. 

6. Conifer. 10. Aspen. 

These types are first indicated on the field map by numbers and 
symbols and later translated into colors. In inspection work the 
typing is greatly generalized, and each unit is given a type designa- 
tion on the basis of the predominating species. The general aspect 
of the range is the best guide in determining this classification. The 
forage species are only occasionally conspicuous enough to contribute 
to the aspect of the range. If, for instance, a range supports enough 
aspen to make it at once apparent that this species is the most con- 
spicuous, the area would be classified as an aspen type. There might 
be numerous grass or weed parks of considerable size that would be 
thrown into this general aspen type. In other instances a range 
might support sufficient sagebrush to give the landscape a general 
sagebrush aspect. The sagebrush might not be the most abundant 
species in the type, yet, because of its conspicuous habit, the area 
supporting sage should be classified as a sagebrush type. 

FORAGE ESTIMATES. 

Some means must be used to indicate the relative amounts of forage 
within each type and on different types. Ordinarily, this can 
be done best by the use of decimals. If the decimal 0.6 is used, this 
would indicate that there are 6 forage acres: for every 10 surface 
acres in the type. If the decimal 90.3 is used, this would indicate that 
the type supports 3 forage acres for every 10 surface acres, or only 
half as much forage per unit area as the first. These figures should 
be entered on the face of the map if the map used in making the 
inspection is fairly reliable. An estimate should be made and 
entered upon the map whenever there is a marked change in the stand 
of forage. 

1 For definition of forage acre see footnote, p. 27. 
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USE OF MAPS. 

Preliminary to making a range inspection, all available and usable 
map data for the areas to be examined should be obtained and assem- 
bled. The maps should be enlarged or reduced to a scale of 2 inches 
to the mile, if they are not already this size; and they should be cut 
up and mounted on heavy cloth, in order that they may be folded 
into suitable size for carrying in saddlebags. If blue-line prints are 
available, these might be made on a specially prepared linen suitable 
for field use and satisfactory for later plans. 
While on the ground, the inspector should make it a practice to 

record on the face of the map by the use of suitable figures, symbols, 
and abbreviations the most essential facts about range conditions. 
Such records, of course, must be occasionally supplemented by notes 
kept in a notebook that can be carried in the field. 

In the absence of suitable maps the inspecting officer will often 
find it necessary to adopt some means of roughly determining dis- 
tances and directions. This can be done on horseback by the use of a 
compass and tally register. In some instances a few prominent points 
might be located to good advantage by using a traverse board or 

plane table. The base for such a triangulation system must be a 
chained base line or previously established points which can be 
plotted. 

DEGREE OF ACCURACY REQUIRED. 

The field work, as well as the work of arranging the data into 
usable form, should be sufficiently intensive and sufficiently accurate 
to serve as a basis for the solution of the principal grazing-manage- 
ment problems confronting the administration on the areas inspected. 

If a forest is believed to be fully stocked, cr even closely approaches 
that condition, obviously it would be inconsistent to base the rela- 
tively fine adjustments that would be necessary in such a case upon 
information obtained through a very general inspection. On forests 
considerably understocked the necessary adjustments might be made 
consistently on information obtained through a hurried inspection. 
On an intensively grazed forest of average size (800,000 acres) one 
man should spend at least the entire season, say from July 1 to Octo- 
ber 81, in field inspection if satisfactory results for the Forest as a 
whole are to be secured. If there are any low ranges used for early 
grazing on the Forest, the inspection might begin late in May or early 
in June. This is usually the best time for the examination of lamb- 
ing ranges and other early spring ranges. 

TIME OF INSPECTION. 

When there is a considerable variation in elevation the inspection 
should be planned so that each part of the range will be in prac- 
tically the same stage of development when the examination is made. 



PLATE XXXI. culture. gril Bui. 790, U.S. Dept. of A 

eLLII-A 

p
e
y
s
i
o
j
 

e
M
 

JU
BI
IO
dU
TT
 

UB
 

UO
 

“
S
U
I
Z
B
I
G
I
O
A
O
 

JO
 

J]
 

NS
OI
 

B 
SB
 

‘U
OT

SO
IN

T 



Bul. 790, U. S. Dept. of Agriculture. PLATE XXXII. 

F—22597—-A 

Fig. 1.—A heavy loss of sheep from eating poisonous plants on the range. This loss could 
aye! been avoided if the poison area had been located in advance and the sheep properly 
andled. 

F—20372—-A 

Fig, 2.—This animal died of larkspur poisoning. ‘The market value of one good cow or steer 
in 1918 was about equal to the cost of grubbing out from 5 to 20 acres of larkspur. 
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The best conception of the utilization of the forage and the dis- 
tribution of cattle for the current season can, of course, be gained 
during the latter part of the grazing period. For this reason, when 
an inspection is made for the primary purpose of determining the 
degree of utilization on each unit, the work should be done as late 
in the season as possible. Utilization classification for past seasons 
can ordinarily be made with a fair degree of accuracy very soon after 
the opening of the field season. The value of this information for 
the current season will depend largely upon whether or not the 
numbers of stock or the methods of eel eee have been changed 
recently to any extent. 

Where an inspection is made in the early part of the season, care- 
ful observations should be made for cattle signs of the previous sea- 
son. Tracks are often reliable indicators, but the amount of manure 
left on the range is better evidence of the extent to which cattle have 
grazed the range the previous season or seasons. 
When the matter of grazing periods is to be considered the in- 

spector should be on the ground a short time before and during the 
time that the stock are coming on the range, in order to make obser- 
vations relative to the amount of snow, if any, the condition of the 
soil, and the growth of the plants at this critical period. However, 
very reliable information can usually be gained from the local officers 
and stockmen relative to the condition of the range at the beginning 
of the grazing season. 

COOPERATION OF STOCKMEN. 

The successful application of the data obtained through a range 
inspection will ordinarily depend to a great extent upon whether or 
not the stockmen are willing to cooperate in making the resulting 
plans effective. It is seldom that a thorough inspection will not 
reveal changes which should be made, involving either redistribu- 
tion of stock, readjustment in division or allotment lines, changes in 
grazing periods, or reduction or increase in numbers of stock. When- 
ever convenient, during the progress of the work, stockmen concerned 
should be informed that work of this character is being done. They 
will then be better prepared to receive whatever recommendations or 
plans result from the inspection. 

The findings and recommendations resulting from the inspection 
can be presented and explained to the stockmen most effectively 
through the advisory board of the stockmen’s association, where an 
association has been recognized by the Forest Service. If an entire 
forest or a large portion of a forest involving more than one associa- 
tion has been inspected as a unit, recommendations by the examining 
officer might be presented at a joint advisory board meeting. 

111479°—Bull, 790—19-——6 
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COOPERATION OF LOCAL FORCE. 

If the work is to be done by a special inspector, the local forest 
officers should be given a clear understanding of the purposes of the 
inspection and the methods that will be used. | 

It is seldom necessary or of advantage, however, for the special 
inspector to make himself familiar with admiistrative difficulties 
before the actual field work is done. A very general knowledge of 
the nature of these problems and the areas involved in each particular 
case is all that the inspector should attempt to get previous to the 
presentation of the essential information and recommendations based 
upon range conditions. The extent to which these recommendations 
can be immediately carried out is a matter to be decided by the ad- 
ministrative officers familiar with the various interests involved in 
each case. 

The inspecting officer need not be accompanied by an administra- 
tive officer at all times during the inspection. A day or two with 
each ranger should be sufficient to give the inspecting officer a good 
idea of the best routes of travel and such other information as may 
be of use, and to give the ranger a good understanding of the inspec- 
tion work.. 

PRESENTATION OF DATA. 

Tt is necessary to separate large areas, such as a forest, into rela- 
tively small natural units before any satisfactory report or plan can 
be made. The size of these units depends to a considerable extent 
upon the intensiveness of the inspection; but ordinarily the units are 
made to correspond to the watersheds or portions of watersheds that 
can be given a name and for which the acreage in each case can be 
determined with at least a fair degree of definiteness. The unit of 
management for sheep is the band allotment; fer cattle it is usually 
the community allotment. 

Where considerable areas have been covered by inspection, and 
plans for the redistribution of stock are to be shown graphically, 
atlas-size sheets on a scale of 2 inches to the mile should be used. 

Allotment boundaries with figures on the number of stock within 
each allotment, the acreage of each allotment with acres per head, and 
the permittee’s name in each case should be entered directly on 
the face of the map or on a transparent overlay sheet that will make 
it possible to show the relation of the allotment boundaries to the ~ 

topography. 

POISONOUS PLANTS. 

The best figures available show that about 6,000 cattle and 16,000 
sheep are killed annually from eating poisonous plants on ranges 
within the National Forests. 
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Important facts relative to the main poisonous plants of far-west- 
ern ranges have been accumulated as a result of field experiments, 
demonstrations, and observations under range conditions. Each of 
the main poisonous plants, the classes of stock poisoned by each, the 
season of poisoning, and the remedies, so far as they have been 
worked out, have been published and are available to every owner of 
live stock and every individual involved in the management of live 
stock on the range. 

_ The publications listed at the close of this section should be read 
at the earliest opportunity as a preparation for effective work in the 
management of range infested with poisonous plants. 

To master fully all available information on poisonous plants is 
only the first step. Until each poisonous species is recognized on the 
range and its distribution and abundance determined, little progress 
can be made in the application of measures, however practicable, to 
prevent the poisoning of stock. For poisonous-plant experts and 
range experts to attend to this themselves on the vast areas within 
the National Forests alone would take many years. Progress on a 
large scale necessitates not only that local forest officers and stock- 
men learn to know the poisonous plants when they see them on the 
range, but that they cooperate in locating all areas where each plant 
occurs and in determining the abundance of each plant on each area. 

In this work the forest officers should take the lead. They are in 
possession of illustrated wall charts and pamphlets which will help 
in identifying the more important poisonous species. Colored illus- 
trations for a number of species are in the library of every Forest. 
Specimens of the plants identified should be collected and forwarded 
to the district forester for check identification. The effort necessary 
is warranted by the magnitude of the losses annually and by the fact 
that only by such procedure will the men learn to know the plants 
with certainty and be able to reduce the losses and still use the in- 
fested range. Once forest officers know the poisonous plants on the 
range and know the information available relative to the class of 
stock poisoned by each species, the time of poisoning, the symptoms 
of poisoning, and the preventive measures, the interest and active 
cooperation of the stockmen may be developed. Then attention may 
be called to the plants on the range. Wall charts and mounted speci- 
mens may be used at meetings and lectures, publications may be re- 
ferred to, and reading urged. Continued suggestion from a well- 
informed officer on the ground is the most effective way of creating 
interest and getting action. 
When a dangerous area of poisonous plants is known to exist upon 

a forest, heavy losses may sometimes be avoided if the boundaries of 
the dangerous area are posted with proper warnings. Because it is 
often impossible for the local administrative officer to point out these 
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areas on the ground, it is highly important that they be posted as 
dangerous to the particular kind of stock affected. 

Not infrequently there is a heavy loss of stock, apparently from 
poisoning, on areas not previously recognized as dangerous. If it is 
reasonably certain that the loss is due to poisonous plants, and the 
plants causing the loss are not known, some one should collect speci- 
mens of the plants not definitely known to be harmless and submit 
them for identification. The loss should be reported at once through 
the forest supervisor’s office to the district forester, who will inform 
the experts on poisonous plants and request an examination of the 
area by an expert if possible. The collection of plants should not be 
delayed until it is known whether an expert will make an examina- 
tion of the area. An expert is not always available at once, and by 
the time he reaches the area the plants responsible for the loss may 
be beyond identification. 

The following suggestions apply to any range for the class or 
classes of stock given: 

1. Don’t’overgraze the range. To do so may result in any class 
of stock’s being poisoned fatally from eating plants which do not 
cause loss in the amount eaten when the range is not overgrazed. 

2. When stock have been driven long distances without sufficient 
feed, or have been held off feed for any reason until they are very 
foe they should not be turned on range where plants poisonous 
to them occur in more than very small numbers. Their hunger can 
usually be satisfied first on parts of the range where there is no danger 
of poisoning. If no other way exists, and hay can be had, it will pay 
to buy and feed hay. 

3. Cattle should not be salted near patches of larkspur. Areas near 
salting places are usually closely grazed, so that cattle eat more lark- 
spur than they ordinarily would. Further, cattle have a tendency to 
loaf around salt and water and leisurely graze anything in sight. 

Losses of cattle from eating larkspur near salt grounds are sometimes 
attributed to eating too meh salt. 

4, Sheep should not be bedded more than one night in a place and 
should not be allowed to shade up for hours during the day on areas 
where there is more than a small quantity of vegetation poisonous to 
sheep. Vegetation suitable for sheep near a bedding ground is 
usually grazed off during the first night of bedding. The sheep then 
eat the poisonous species in harmful amounts. The same principle 
apples to shading grounds. 

5. Stock should not be worried nor excited after they have grazed 
on a poison area. They should be moved quietly to an area where 
there is no poison and then left to rest or graze as they choose. 

6. There is usually a short time aman the grazing season when 
danger from poisoning is much greater jaaa at other times. This 
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varies with different plants and for the same plants at different alti- 
tudes. The time of grazing should be adjusted as far as possible to © 
avoid use of the poison areas during the most dangerous time. The 
stage of growth at which each of the important species is most dan- 
gerous to stock is given in the publications listed for reading. 

7. Ample forage suited to the class of stock on a range is an im- 
portant factor in keeping down loss from poisoning.” Lack of more 
palatable forage results in the stock’s eating more of the harmful 
plants than they ordinarily do where ample nonharmful forage is 
available. Following the suggestions under the section on determi- 
nation of the class of stock to which a range is best suited will aid 
in overcoming this difficulty. 

Departures from the practice outlined in these suggestions are not 
uncommon and are responsible for the annual loss of large numbers 
of stock. 

Of approximately 6,000 cattle lost annually from poisonous plants 
within the National Forests, it is estimated that about 90 per cent are 

killed by tall larkspur.t The heaviest losses usually occur on small 
portions of the ranges. A hundred acres or less of tall larkspur 
within a cattle range unit of 15,000 acres may be responsible for an 

annual loss of stock great enough to discourage stockmen in the use 
of the range. Range, however, is valuable, and heavy expenditures 
on the small infested areas are warranted, if, as a result, an entire 
range unit can be made safe for cattle grazing. 
During the years 1915-1917 tall larkspur was grubbed out on large 

cattle range units within 16 National Forests. A total of over 1,900 
acres of larkspur was grubbed out at a total cost of approximately 
$11,000. By this expenditure more than a quarter of a million acres 
of cattle range has been freed entirely from loss of stock by larkspur 
poisoning, or the losses have been reduced to an occasional animal. 
The cattle saved in 1917, as a result of the grubbing work on 9 out of 
the 16 Forests for which reliable figures are available, were valued at 
nearly $16,000. The reduction in loss on the other seven Forests was 
considered equally satisfactory, but no actual figures are available. 

The cost of grubbing per acre of larkspur has varied from $2.69 to 
about $18, depending upon the number of larkspur plants per acre, 
the amount of rock and gravel in the soil, whether the larkspur was 
growing in willows or brush, and the cost of getting men and supphes 
to the work. Whether the grubbing of tall larkspur from a given 
cattle range unit is warranted, however, depends upon the possible 
reduction of loss in cattle annually as compared with the total cost of 
grubbing and not upon the cost of grubbing per acre of larkspur. 

1 Aldous, A. E., Eradicating Tall Larkspur on Cattle Ranges in National Forests, U. 8. 

Dept. of Agriculture, Farmers’ Bul. 826, 1917. 
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- In some eases the total acreage and distribution of larkspur on a 
cattle range unit is such that grubbing is not practicable because of 
the cost, which, for the present at least, is excessive. Where this con- 

dition occurs a combination of grubbing, fencing, and herding may 
solve the problem. If it will not, and the loss is TRAE A a 
change from cattle to sheep may be cae reable: 

The larkspur plants should be grubbed by cutting the main roots 
6 to 8 inches below the surface of the ground. Seas plants may be 

missed in the first grubbing, and others will grow from portions of 
the roots left in the ground. These plants should be removed by 
grubbing one year after the first work is done. 

The grubbing can be done best as soon as the plants have made 
sufficient growth to be readily recognized. This varies with different 
localities and with altitude. Usually the work may start about one 
week after growth begins on the area in question. 
A mattock with the spur cut off and the blade drawn out to about 

9 inches in length is recommended for grubbing in loam soils. For 
rocky soils, a pick with one end flattened to 2 inches wide, or a com- 
bination pick-mattock has proved satisfactory. ; 

The practical results from the grubbing work already done war- 
rant every possible effort to determine the feasibility of grubbing out 
the larkspur on every cattle range unit where it is definitely known 
that cattle are killed annually by larkspur poisoning. The first step 
is to determine the value of cattle poisoned annually; the second step 
is to determine the acreage of larkspur and the approximate cost of 
eradication. Ina great many cases grubbing will cost less than the 
value of the cattle lost annually from larkspur poisoning. In some 
cases it may be advisable to grub out. the larkspur if the cost is as 
great as the value of the cattle lost in eight years. 
Where fencing is the alternative, it should be remembered that 

maintenance of fences in mountain country is expensive and that 
if the fence is down or a gate is left open during the dangerous 
poison period the fence may fail to prevent loss. 

PARTIAL BIBLIOGRAPHY FOR STOCK-POISONING PLANTS OF 

THE UNITED STATES (ARRANGED CHRONOLOGICALLY). 

I. PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRICULTURE. 

A, AVATLABLE FOR FREE DISTRIBUTION BY ‘THE DEPARTMENT. 

Marsh, C. D., Clawson, A. B., and Marsh, H. Zygadenus, or Death Camas. 
Bulletin 125, 1915. 

Marsh, C. D. The Loco-weed Disease. Farmers’ Bulletin 380, 1909 (reprinted 
without change in 1915). 

Marsh, C. D. Prevention of Losses of Live Stock from Plant Poisoning. 
Farmers’ Bulletin 720, 1916. 

Marsh, C. D. The "Cause of “ Spewing Sickness” of Sheep. Bureau of Animal 
Industry leaflet A. 9, 1916. 
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Marsh, ©. D., Clawson, A. B., and Marsh, H. Lupines as Poisonous Plants. 
Bulletin 405, 1916. 

Aldous, A. EH. Eradicating Tall Larkspur on Cattle Ranges in National Forests. 
Farmers’ Bulletin 826, 1917. 

Marsh, C. D. Cicuta (Water Hemlock) as a Poisonous Plant. Bureau of 
Animal Industry leaflet A. 15, 1917. 

Marsh, C. D., and Clawson, A. B. White Snakeroot or Richweed (Hupatorium 
urticaefolium) as a Stock-Poisoning Plant. Bureau of Animal Industry 
leafiet A. I. 26, 1918. 

Marsh, C. D., Clawson, A. B., and Marsh, H. Larkspur or “ Poison Weed,” 
Farmers’ Bulletin 988, 1918 (revision of Farmers’ Bulletin 531, 1913). 

Marsh, ©. D. Stock-Poisoning Plants of the Range. Bulletin 575, 1918. 
Marsh, C. D. Stagger Grass. (Chrosperma muscactoxicum) as a Poisonous 

Plant. Bulletin 710, 1918.* 
Marsh, C. D:, and Clawson, A. B.; Notes on Larkspur Hradicatien on Stock 

Ranges. Circular A, I. 34, 1918. 
Marsh, C. D., Clawson, A. B., and Marsh, H. “Oak Poisoning of Live Stock. 

Circular A. I. 32, 1918. 
Marsh, C. D., Clawson, A. B., and Marsh, H. Oak-leaf Poisoning of Domestic 

Animals. Bulletin 767, 1919. 

B. FOR SALE BY THE SUPERINTENDENT OF PUBLIC DOCUMENTS, GOVERNMENT 

PRINTING OFFICE, WASHINGTON, D. C. 

Chesnut, V. K., and Wilcox, HB. VY. The Stock-Poisoning Plants of Montana. 
Division of Botany, Bulletin 26, 1901, 25 cents. 

Crawford, A. C. The Poisonous Action of Johnson Grass. Bureau of Plant 
Industry, Bulletin 90, Pt. 1V, 1906, 5 cents. 

Crawford, A. C. The Larkspurs as Poisonous Plants. Bureau of Plant In- 
dustry, Bulletin 111, Pt. I, 1907. 

Marsh, C. D., and Crawford, A. C. Results of Loco-weed Investigations in the 
Wield, and Laboratory Work on Loco-weed Investigations. Bureau of Plant 

Industry, Bulletin 121, Pt. IJI, 1908, 5 cents. 
Crawford, A. C. The Supposed Relationship of White Snakeroot to Milksick- 

ness or “Trembles.” Bureau of Plant Industry, Bulletin 121, Pt. I, 1908, 
5 cents. 

Crawford, A. C. Mountain Laurel, a Poisonous Plant. Bureau of Plant In- 
dustry, Bulletin 121, Pt. IJ, 1908, 5 cents. 

Crawford, A. C. Barium, a Cause of the Loco-weed Disease. Bureau of Plant 
Industry, Bulletin 129, 1908, 10 cents. Rin 

Marsh, C. D. The Loco-weed Disease of the Plains. Bureau of Animal In- 
dustry, Bulietin 112, 1909, 35 cents. 

Marsh, C. D., Alsberg, C. L., and Black, O. F. The Relation of Barium to the 
Loco-weed Disease; I.—A Field Study on the Relationship of Barium to the 
Loco-weed Disease; II].—lLaboratory Studies on ] Relationship of Barium 
to the Loco-weed Disease. Bureau of Plant Industry, Bulletin 246, 1912, 
10 cents. 

Marsh, C. D. Stock Poisoning Due to Scarcity of Food. Farmers’ Bulletin 536, 
1913, 5 cents. 

Marsh, C. D., Clawson, A. B., and Marsh, H. Cicuta‘or Water Hemlock. Bul- 
letin 69, 1914, 10 cents. 

Marsh, C. D. Menziesia, a New Stock-Poisoning Plant of the Northwestern 
States. Bureau of Plant Industry leaflet, 1914, 5 cents. 

Marsh, C.D. Principal Poisonous Plants of the Western Stock Ranges. Bureau 
of Plant Industry leafiet, 1914, 5 cents. 

Marsh, C. D., Clawson, A. B., and Marsh, H. Larkspur: Poisoning of Live Stock. 
Bulletin 365, 1916, 25 cents. 

iIndicates that plant referred to is an eastern species and not found in the far 

Western States. 

2 With some of the older works it has not been possible to list the price of publications. 

Government publications are continually becoming “out of print” or available by 

reprinting, so that availability as indicated in the appended list can not at all be 

deemed final. Correspondence in ail such cases should be addressed to the Superintendent 

of Public Documents and not to the Department of Agriculture. 
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Curtis, R. 8., and Wolf, F. A. Hupatorium ageratoides, the Cause of Trembles. 
U. S. Department of Agriculture, Journal of Agricultural Research, vol. IX, 
No. 11, pp. 397-404, Dec. 10, 1917. 

Marsh, C. D., and Clawson, A. B. EHupatorium urticaefolium as a Poisonous 
Plant. Journal of Agricultural Research, vol. XI, No. 13, pp. 699-716, Dec. 
24, 1917, 20 cents. ; 

Il. MISCELLANEOUS (CHIEFLY STATE AGRICULTURAL EXPERIMENT STATION) 
PUBLICATIONS. 

Vanes, L., and Waldron, L. R. Some Stock-Poisoning Plants of North Dakota. 
North Dakota Agricultural Experiment Station, Bulletin 58, 1903. 

Schneider, A. Pharmacal Plants and Their Culture. California State Board of 
Forestry, Bulletin 2, 1912. (Besides pharmacal and cultural data this bul- 
letin includes notes on many Pacific species of poisonous or suspected plants.) 

Heyl, F. W., Loy, S. IX., Knight, H. G., and Prien, C. L. The Chemical Exami- 
nation of Death Camas. Wyoming Agricultural Experiment Station, Bulletin 
94, 1912. 

Hall, H. M., and Yates, H. 8S. Stock-Poisoning Plants of California, Califor- 
nia Agricultural Experiment Station, Bulletin 249, 1915. 

Jacobson, C. A. ‘Water Hemlock (Cicuta). Nevada Agricultural Experiment 
Station, Bulletin $1, 1915. : 

Poole, H. S. Senecio jacobaea and Callimorpha jacobaea (the Cattle-Ikilling 
Ragwort and the Cinnabar Moth.) ‘Transactions Nova Scotia Institute of 
Science, vol. XIII, Pt. 4, pp. 279-288. (Author’s separate published May 4, 
1915, at Halifax, N. S.) 

Glover, G. H., and Robbins, W. W. Colorado Piants Injurious to Live Stock. 
Colorado Agricultural Experiment Station, Bulletin 211, 1915. 

Francis, C. K. The Poisoning of Live Stock While Feeding on Plants of the 
Sorghum Group. Oklahoma Agricultural Experiment Station, Circular of 
Information 38, 1915. 

Swingle, D. B., and Welch, H. Poisonous Plants and Stock Poisoning on the 
Ranges of Montana. Montana Agricultural Experiment Station, Circular 51, 
1916. 

Gail, F. W., and Hahner, A. R. Some Poisonous Plants of Idaho. Idaho Agri- 
cultural Experiment Station, Bulletin 86, 1916. 

Fleming, C. E. (with Sapinsh translation by Schappelle, B. F.) Range Plants 
Poisonous to Sheep and Cattle in Nevada. Nevada Agricultural Experiment 
Station, Bulletin 95, 1918. 

Glover, G. H., Newsom, I. E., and Robbins, W. W. A New Poisonous Plant, the 
Whorled Milkweed. Colorado Agricultural Experiment Station, Bulletin 246, 
1918. 

FORAGE PLANTS: COLLECTION, IDENTIFICATION, AND NOTES. 

Familiarity with the vegetation which produces the forage crop 
on range lands is essential to their efficient management. Nearly 
every phase of range management is intimately associated with a 
knowledge of the range plants, their forage value for different classes 
of stock, and their requirements. 

In determining the class of stock to which_a range is best suited, 
character of forage is the first factor to be considered. In other 
words, the administrator of a range must have an accurate working 

knowledge of the plants on that range before he is in a position to 
decide the class or classes of stock to which the range is best suited. 

The permanent welfare of the range is the fundamental principle 
in deciding the grazing period. At the same time it is important, so 
far as is consistent with normal utilization of the whole range and 
perpetuation of the desirable species, to utilize the piants at the 
periods of their highest palatability and nutritiveness, the latter 
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varying with the different important forage plants on the same area. 
A knowledge of the plant species on a range, their life habits and 
forage value, is almost imperative in order to know (1) whether the 
range is retrograding, improving, or stationary; (2) whether the 

good forage plants are being handicapped in the production of herb- 
age or of a viable seed crop; (3) whether the important plants of a 
given range are being grazed sooner than they should be; and (4) 
whether there is loss of forage due to failure to utilize a species at 
its period of maximum palatability. 

Four of the six so-called earmarks or indicators of overgrazing 
will be recognized only by those familiar with the plant cover. To 
recognize the worthless, transient, and undesirable species on a 
range and to differentiate them from the valuable, permanent, and 

desirable species is indispensable to a knowledge of what is going on 
on the range and the steps that must be taken toward improvement. 

The same is true of undergrazing. To tell with accuracy whether 
a range is producing the annual weight of beef, mutton, or wool of 
which it is capable the potential sources of forage must be recognized 

and a working knowledge obtained of the life history of the domi- 
nant species and their periods of maximum palatability. 

» Jt will be noted also that range management can npt be worked 
out effectively until range divisions and grazing periods are estab- 
lished and the grazing capacity decided upon to a reasonable degree 
of efficiency. Now, range division, establishment of grazing periods, 
and estimation of grazing capacity all require a familiarity with 
the local forage crop. Fencing and salting also are often undertaken 
primarily because of local forage conditions. The signs of over- 
grazing are not at all always apparent to the observer who does 
not know the forage, for there may be a good or even luxuriant 
stand of unpalatable species taking the place oe better forage that 
has succumbed as a result of grazing. 

Injury to coniferous reproduction varies directly with the grazing 
intensity, and if there is abundance of forage suitable to the stock 
using the range there will be little damage to the timber repro- 
duction. 

The necessity of knowing plants poisonous to stock is evident. 
Even with the present means for dissemination of knowledge, there 
is still much need of education along these lines. On the other 
hand, accurate knowledge concerning the identity of our native 
poisonous plants is still meager. Undoubtedly many cases of poison- 
ing on the range could have been averted had the toxic character 
of the plants responsible been recognized. For example, Zygadenus 
is often confused with grass or harmless hhaceous plants, or sheep 
are turned on to fruiting lupine. There is, undoubtedly, in some 
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places a waste of harmless umbellifer feed because of the rather 
widespread feeling that all these plants are poisonous. In fact, at 
least one case has arisen where a valuable forage plant, mistaken for 
poison hemlock (Cicuta sp.), was partly eradicated from a range, 
thus actually lowering the grazing capacity of the range in question. 

For efficiency in the use of ranges it is not sufficient that a reason- 
able familiarity with the range species and their requirements be 
the exclusive possession of a relatively small group of men. Such 
information should be in such form as to be available to all persons 
in any way concerned in the use of the ranges. 

The present system of plant collection, with identification at 

Washington by uniform, competent authority, and annotated report 
to the collector, has been probably the best means of familiarizing 

forest officers and stockmen with the identity, forage value, and 
requirements of the plants producing the forage crop on their respec- 
tive National Forests. The main advantages of this system are: 

1. A permanent record, always available for reference, is obtained in the 

specimens collected; and in the herbaria thus started forest officers and per- 

mittees have a constant means of authentic comparison for plants about whose 

identity they may be in doubt. 

2. Accurate determination can be made ef any plant which may be collected. 

3. The identifications and nomenclature are uniform, so that the names for 

the same species are the same, regardless of the district in which the plants are 

collected. 

In the identification of plants by botanists much importance is 
given to the so-called type specimen, that beimg the specimen on 
which the original description was based, very often the first speci- 
men collected. It is sometimes impossible to tell positively whether 
a plant has been correctly identified until it has been compared with 
the type specimen; and, in the determination of plants, it is essential 

to have a herbarium of authentic specimens for purposes of com- 
parison, because at best book descriptions are of little value to other 
than trained botanists. In a similar way smali herbaria instituted 
on the National Forests form a permanent record of the local flora 
and furnish a constant means of authentic comparison with the plants 
the officers may encounter in their work. 
An added advantage in having all the plants identified in Wash- 

ington is that the benefit is obtained of the expert knowledge of a 
large number of specialists in the various groups of plant life. 
Many of the ranges where plant collections are made are under 

different methods of management from those employed in the past, 
consequently more or less change in the vegetative cover is taking 

place. In cases of seriously overgrazed ranges there may be an 
entire change in the local flora, or even a series of successive changes, 
as the range is gradually restored to its pristine condition. A plant 
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collected to-day, therefore, with notes on its abundance and value, 
or lack of value, may prove to be an important record 30 years hence, 

when the species is no longer to be found on the range in question. 
In other words, without that specimen to fall back on one might not 
be sure in future years that certain definite changes of vegetation had 
taken place. 

A plant specimen represents a not inconsiderable investment when 
the various processes through which it must go are taken into it- 
count, viz, collection, pressing, annotation, preparation for transmis- 

sion, transportation, numbering, and arrangement in Washington, 
identification, recording and reporting, preparation and mounting 

for the herbarium, and fumigation or other protection from insects 
when in the herbarium. Attention to certain details in connection 
with the collection of the plants will tend to produce a maximum 
of beneficial results with a minimum of ultimate expense. A poor 
specimen may cost practically the same as a good one, yet there is a 
great difference in the value ot the two as records. ; 

SUGGESTIONS FOR THH COLLECTION OF RANGE PLANT SPECI- 
MENS ON NATIONAL FORESTS. 

SELECTION OF SPECIMENS. 

The plants should be collected during their flowering or fruiting 
stage; and, wherever practicable, the whole plant should be collected. 
As the sheets for mounting the specimens are 114 by 164 inches, all 
specimens should come within these limits. If the piant is too large 
to be preserved in its normal position, it should, if possible, be bent, 
preferably in A, N, or M shape, to bring it within the proper dimen- 
sions. If the plant is too large to preserve in its entirety, representa- 
tive portions will have to be selected. It is often desirabie, espe- 
cially with grasses, to hold the corners securely, when bent and 
placed in the press, by means of small pieces of cardboard in each of 
which a slit about an inch or two long has been made. Grasses 
should not be bent at the “ nodes” or joints. 

A plant specimen, to be complete, should include not only repre- 
sentative portions of the parts above ground, but also enough of the 
underground parts to indicate clearly the character of the root sys- 
tem. It is often impossible to obtain all these parts in a single 
specimen, so two or more specimens should be coliected when neces- 
sary. When this is done, care should be taken to see that these sev- 
eral portions are kept together in the collection and that they receive 
but one number, or, preferably, that they be placed in the same 
folder. Complete specimens are often necessary for certain identifi- 
cation and are always desirable from the purely educational stand- 
point. Many specimens are unidentifiable specifically because, al- 
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though in flower or in fruit, they lack stem leaves, basal leaves, or 
roots. Numerous plants, including the great majority of sedges and 
rushes, as well as a large number of borages, crucifers (mustards), 
umbellifers (parsnips), and other plants, are unidentifiable, at least 
as to species, without mature fruits. Whenever practicable, both 
flowering and fruiting specimens of leguminous plants, especially 
lupines and loco weeds, should be submitted. The identification of 
lupines and loco weeds is often difficult, and the presence of both 
flowers and pods is sometimes necessary for certain determination. 
Many others, for example, Ceanothus, are unidentifiable without 
leaves, and a few, such as water hemlocks (Cicuta) and larkspurs, 
are more or less dependent on roots for their certain determination. 

In collecting specimens of trees and shrubs, the sprays selected 
should represent the common leaf and fruit forms. With tree speci- 
mens small squares of the bark should be obtained whenever conven- 
ient; 2 to 4 inches square is sufficiently large. 

All earth should be removed from the roots of specimens before 

they are placed in the plant press. If the plant is collected in a wet 
site, the roots can readily be washed off. If the plant grows in a dry 
situation, the earth can readily be removed from the roots by tap- 
ping them gently on the boot heel. Loose soil and grit in the folder, 
which is inevitable when the roots are not properly cleaned, will 
work into the specimen and not only render it unsightly, but will 
often so seriously injure the more delicate structures that identifica- 
tion is made dificult, or even impossible. All plants should be col- 
lected in triplicate or quadruplicate. 

METHOD OF DRYING. 

It is necessary to press the plant specimens so that the parts will 
be flat instead of curled up when dry, otherwise they will be worthless 
for a permanent record, and either absolutely unidentifiable or else 

identifiable with difficulty. 
The specimens should be placed between folded sheets of plain ab- 

sorptive paper, preferably the thin white containing sheets known as 
species folders. It is desirable that the standardized species folder, 
164 by 23 inches, be used for this purpose, as a standard size and 
quality facilitate handling. If it is necessary to use folded news- 
papers in the field, the plants should be transferred to a folder with- | 

out printed or written matter; otherwise, each folder will have to be 
looked over carefully for possible notes before it can be discarded ; 
and, besides, it is difficult to number such sheets or write the name of 
the plant on them and have such data stand out clearly. When the 
plants are ready for pressing, the sheets containing them should be 
piled alternately with sheets of blotting paper and placed between 
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boards or in a wicker press and subjected to a pressure of 45 to 
65 pounds; this is usually apphed by tightly drawn straps or by a 
weight, not heavy enough to crush the tender parts of the green 
specimens, yet not so light as to allow the leaves to wrinkle in dry- 
ing. Stems, roots, and other parts more than a quarter of an inch 
in thickness should be thinned on the back with a knife before press- 
ing. The blotters should be changed each day, well-dried ones being 

_ substituted; this is necessary, of course, to prevent molding and 
blackening. In most cases, except, perhaps, with fleshy or woody 
plants, the specimens will be thoroughly pressed and dried in about 
a week. 

NUMBERING. 

The specimens should be numbered consecutively. It is desirable 
that the collector should not duplicate his numbers by beginning 
each season with No. 1, but that he should have his numbers contin- 
uous from year to year. Many forest collections sent in for identifi- 
cation contain specimens of several collectors, and in this way dupli- 
cations of numbers often arise. The duplication of numbers, with 
the impossibility of distinguishing between them, renders a report 
on the collection without the return of the specimens valueless. All 
joint collections, therefore, sent in as one collection from a Forest, 
and in which the collectors’ numbers more or less overlap, should 
either have the collectors’ numbers modified (by a prefixed initial 
or in some other way) or else be given forest numbers in addition to 
the collectors’ numbers. Otherwise, when a report on the collection 
is received from Washington misunderstanding is bound to ensue. 

NOTES. 

FORMS. 

System in collecting notes and expedition in examining them are 
greatly aided by the adoption of a form for this purpose. Juther- 

- more, such a form makes the most valuable kind of herbarium slip 
for mounting with the specimens. These considerations have led to 
the adoption by the Forest Service of Form 767, and this form, 
properly filled out, should accompany all range-plant specimens sub- 

mitted for identification. 
Data should not be recorded on the back of the form, as not only 

are they apt to escape notice entirely, but they will be completely 

hidden when the form is pasted on the mounting sheet. As the form 
is intended for a permanent record, it is essential that the data be 
legible, and it is desirable that the appearance should be neat; there- 
fore typewriting or pen and ink is preferable to pencil, as a hard 
pencil will make the record faint and a soft cne will make a record 
which is very apt to blur badly, especially when the form is being 
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pasted. In preparing duplicate or multiple forms care should be 
exercised to see that the forms carboned or otherwise duplicated are 
properly centered, for if this precaution is neglected the data on the 
copies will be wrongly lined. 

The forms should preferably be placed loose in their appropriate 
species folders or fastened by clips thereto, so that they may readily 
be removed for subsequent attachment to the mounting sheet. 

ADDITIONAL DATA, 

If more notes are obtained than can be conveniently placed on 
Form 767, such data should be written separately, preferably in 
single-spaced, short-lined typewriting and on one side only of a good 
quality of white paper, in order that such information may be filed 
permanently on the mounting sheet with the specimen itself and 
Form 767. If the data are too extensive for this, they should be 
written on white cards 4 by 6 inches, notes for only one species on a 
given card. 

> 

PLANT CATALOGUE. 

The use of a plant catalogue, while no longer mandatory since the 
adoption of Form 767, offers many advantages and is to be encour-- 
aged. Many Forest Service collectors make their plant notes in the 
field in the notebook designated “ Plant Catalogue,” and their Forms 
767 are made up in the office from these plant-catalogue notes. 

The plant catalogue should contain as much of the following data 
as it is possible to collect, especially in the case of valuable and abun- 
dant plants: 

1. Coilector’s number. % Dates when flower stalks are sent 

2. Botanical name. up. 

3. Common or local name, 8. Dates when seeds mature, dissemi- 

4. Date of collection. nate, and germinate. 

5. Exact location. 9. Seed habits—prolific or weak. 

6. Habitat. 10. Distribution and abundance. 

(a) Altitude. 11. Palatability to various classes of 

(b) Kind of soil. stock and period grazed. 

(ce) Moisture conditions, 12. Any striking characteristics. 

(d) Slope and exposure. 18. Remarks as to management. 

(e) Forage type with its forage 

density. 

(f) Associated species. 

IDENTIFICATION OF THE SPECIMENS. 

The reasons for uniform identification of all plants in Washington 
were presented on page 90. These determinations are made by ex- 
perts of the United States Department of Agriculture. Many of the 
plants, such as grasses, sedges, rushes, willows, hawthorns, lupines, 

currants, and heaths, go to specialists. Furthermore, plants from 

particular regions, such as Utah, New Mexico, and the Blue Mountain 
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district of Oregon, are identified, or at least check-identified, by the 
authors or prospective authors of floras of those localities, who are 
botanical authorities for those regions. 

°* REPORTING ON THE COLLECTIONS. 

In reporting on a collection from Washington a list will be fur- 
nished of the identifications as determined by the experts, arranged 
alphabetically according to four groups; viz, grasses, grasslike plants 
(mostly sedges and rushes), nongrasslike plants (exclusive of trees 
and shrubs), i. e., herbs or weeds, and trees and shrubs. 

So far as possible, economic notes for the species in the collection 
will also be furnished. Notes for the grasses are available in printed 
form. The notes collated in Washington cover the following points: 
Range, botanical description, habitat, periods of flowering and of 
seed dissemination, reproduction, and forage value. While every 
care is taken to have these notes accurate and helpful, it is obviously 
impossible for any one man, or even group of men, in Washington, 
from personal observation or research, to know the habits and values 
of all the species comprising the forage crop of so vast a region as 
that covered by the National Forests. Such knowledge is necessarily 
eumtulative, the product of the observations of many men in many 
fields; its attainment will necessitate the cooperation of the entire 
field force of the Forest Service. 

MCUNTING FOR THE HERBARIUM. 

Plant specimens are most convénient for reference when mounted 
and systematically filed in a herbarium. 

Specimens are mounted by fastening them securely to white card- 
board or linen-ledger mounting sheets. Some prefer to glue the 
specimen to the mounting sheet. This method has the advantage of 
expedition and cheapness, but it causes more or less injury to the 
specimen, and the specimen can not be removed nor remounted, as 
is not infrequently desirable, without great difficulty and without 
injury. The more satisfactory, though somewhat more expensive, 
way of mounting is to use narrow strips of adhesive tape, prefer- 
ably surgeon’s isinglass plaster (on silk). Thick and heavy mounts, 
such as woody specimens, may require sewing, or, if desired, the use 

of fine copper mounting wire, to make them secure. Care should 
be taken to see that the ends of the specimens are rigid; and, in 
the case of twigs and stalks, which, unless properly mounted, are 
easily pried off or broken in handling, the mounting plaster should 
be placed close to the cut or broken end of the specimen. The 
mounting plaster should always be placed at right angles to tne 
stem or other part mounted and be of proportionate width; it should 
be pressed firmly to the mounting-sheet surface until complete attach- 
ment is assured. Curved botanical forceps or tweezers for exerting 
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pressure on the mounting plaster in mounting will be found superior 
to the unaided fingers. Flowers or other parts essential to identifi- 
cation should not be hidden by the mounting plaster. 

Small loose material, such as fruits, seeds, and leaves, which may 
be needed for further study, should be inclosed in a small envelope 
in such a way as to be conveniently opened, in some corner of the 
mounting sheet. 

Plant specimens for Washington should not be mounted. 

ADDITIONAL REFERENCES USEFUL IN NATIONAL FOREST 
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Papers of the Engineer Department, U. S. Army, 18, 1871. 

Brewer, W. H., Watson, S., and Gray, A. Botany (of California), Geological 
Survey of California, vol. 1-2. Cambridge, Mass., University Press, 1876—S0. 

Rothrock, J. T. (and others). Botany (of the Wheeler Survey). Report upon 
U.S. Geographical Surveys West of the 100th Meridian, vol. 6, Hngineer De- 
partment, U. S. Army, 1878. 

Coulter, J. M. Botany of Western Texas. Contributions from the U. S. National 
Herbarium, vol. 2, 1891-4. 

Rydberg, P. A. Catalogue of the Flora of Montana and the Yellowstone Na- 
tional Park. New York Botanical Garden, Memoirs, vol. 1, 1900. 
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II. ECONOMIC. 

Nealley, G. C., and Tracy, 8. M. Grasses of the Arid Districts. U. 8S. Division 
of Botany, Bulletin 6, 1888. 

Vasey, G. The Agricultural Grasses and Forage Plants of the United States. 
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Division of Agrostology, Bulletin 13, 1898, 
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Division of Agrostology, Bulletin 2, 1900, rey. ed. 
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of Plant Industry, Bulletin 38, 1903. 
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Experiment Station, Bulletin 150, 1903. 
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THE PROBLEM. 

Page. 

The carrying capacity of a large portion of the millions of acres 
of western range has been materially decreased by too early grazing, 
overstocking, and other faulty management. Stockmen generally 
recognize this fact and are doing what they can to overcome these 
faults in management and to increase the productivity of the range. 
Where grazing has been subject to regulation for some years and the 
stock has been handled according to most approved methods the pro- 
ductivity of the range has been appreciably increased. 

One of the most serious drawbacks in the past has been the lack 
of a means of recognizing overgrazing in its early stages. In decid- 
ing upon the lands especially in need of improvement, the stockmen 
and those regulating grazing have essentially relied upon general 
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observations of the abundance and luxuriance of 1:2 forage supply 
and upon the condition of the stock grazed. The depletion of the 
lands is seldom recognized by these general observations until their 
carrying capacity has been materially reduced, or until the animals 
grazed are in poor condition of flesh. So long as the cover is more 
or less intact, there is little indication that the range is being slowly 
but certainly depleted; the depletion is not recognized until the more 
palatable and important forage species are in low vigor, and thor 
growth and reproduction seriously impaired, or perhaps not until a 
large proportion of the plants actually have been killed. Until there 
is insufficient feed to support the animals, they will retain their con- 
dition of flesh fairly well; but long before there is insufficient feed to 
satisfy their appetites a large portion of the vegetation is killed. 
To reestablish the stand after impoverishment has reached such an 
advanced stage requires many seasons of most skillful management. 

Enterprising stockmen and those concerned with the administra- 
tion of grazing know that the live-stock industry has now reached a 
point where the intensity of the use of the forage crop must be gov- 
erned by a finer discrimination than mere observation of the density 
of the plant cover:and the condition of the stock. The margin be- 
tween what clearly constitutes overgrazing and what is clearly under- 
grazing must be reduced to a minimum if the lands are to be utilized 
within from 10 to 20 per cent of their maximum carrying capacity 
and the herbage cropped on the basis of a sustained yield. 

The most rational and reliable way to detect overgrazing is to 
recognize the replacement of one type of plant cover by another. 
Certain more or less temporary species almost invariably succeed the 
more stable weakened or killed plants on lands that are being over- 
grazed, hence the incoming species are the most reliable indicators 
of small departures from the normal carrying capacity of the range. 
It is the object of this bulletin to point out what plants are reliable 
indicators of overgrazing in the various types and how they may be 
used as guides in revegetation and the maintenance of the forage crop. 

SUCCESSION OR THE DEVELOPMENT OF VEGETATION. 

In studying the laws underlying the occupation of lands by vege- 
tation from its earliest stages to the development of the highest type 
of plant life which the habitat is capable of supporting, a somewhat 

1 Shantz, H. L. (Department of Agriculture Bulletin 201, 1911), Kearney, T. H., 

Briggs, L. F., Shantz, H. L., McLane, J. W., and Piemeisel, R. L. (Journal of Agricul- 

tural Research, 1: 3865-417, 1914), and others, have shown that the character of the 

native vegetation affords a reliable index of the conditions favorable or unfavorable to the 

production of farm crops, and have incidentally established correlations between the native 

vegetation and the available moisture and the physical and chemical properties of the 

soil. Relationships between the native vegetation and the earrying capacity of range 

lands have been developed through the investigations here reported, application of which 

appears to be of far-reaching importance in the judicious management of the lands. 
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regular replacement of one type of plants by another is found. This 
phenomenon, known as succession, is explained on the basis of cer- 
tain more or less distinct changes that take place simultaneously in 
the substratum and may be accounted for in various ways, probably 
the most influential and universal cause being the addition of hu- 
mus.t The plants themselves, by adding humus to the soil through 
the decomposition of their tissues, and in this way changing the 
physical and chemical composition of the soil, prepare the way for a 
new and higher form of life, hence in a way work out their own de- 
struction. Accordingly, quite different plant types are recognized 
on soils in different stages of formation. The characteristic types 
are shown graphically in figure 1. 

Beginning with the bare, consolidated rock, the first vegetation 
consists of such inconspicuous, uneconomic forms of plant life as 
algze and crustaceous lichens. These forms mark the initial or pio- 
neer stage of development. Occasionally, amid the somewhat thick- 
ened cushion of moss growth or in the crevices of the rocks, an early- 
maturing annual herb will find its way. This consociation of lichen, 
moss, and herb is characteristic of what may be termed the “transi- 
tional” stage of development; and so far as humus, soil moisture, and 
wide spacing of the herbaceous plants are concerned, it is not dis- 

similar to desert conditions. Like annual plants of the desert, the 
initial herbs must be able to germinate and grow to maturity in the 
shortest possible period and with the use of a minimum amount of 
moisture. 

At the advent of the first-weed stage, which, typically, is charac- 

terized by a semidecomposed soil, poor in organic matter and rela- 
tively low in available moisture content, there is a distinct predomi- 
nance of shallow-rooted, early-maturing annuals. At first widely 
scattered, the annuals gradually become more numerous, so that 
finally, as more and more soil is preempted, there is a cover well- 
nigh completely clothing the soil surface during the period of maxi- 
mum seasonal development (Pl. I). As soon as this vegetation 
has reached maturity, or when growth has been arrested by frost or 
other adverse conditions, the greater portion of the soil surface is at 
once exposed. It is then that the casual observer notes, possibly for 
the first time, that a few aggressive, drought-resistant,? short-lived 
perennial grasses and weeds have invaded the habitat. This stage of 
development affords a small amount of inferior forage if utilized at 
the proper time. 

+This statement refers only to the evolutionary development of vegetation. The trans- 

formation from a complex to a more simple or earlier vegetational stage will be consid- 

ered later. : 

2 A drought-resistant plant, as here used, implies a species which is a conservative user 

of water and which can complete its growth cycle under conditions of low available soil 
moisture content and under trying atmospheric conditions, 
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The second-weed stage is characterized by a fairly well decom- 
posed soil. The improved condition of the rock as a habitat for 
plants which results from the formation of soil is obvious. This is 
particularly evident when we recall that the rate of succession is 
largely determined by the moisture conditions of the substratum. 

Deep rooted or densely 
tufted rather shallow 
rooted perennial grasses, 
other vegetation almost 

entirely lacking. 
(Final or Climax Stage) 

Perennial trerbhs, chiefly 
weeds, with scattered Starf 
of aggressive Grasses; 
JSormesi77es a7 oCCasioral 
Shrubh i eviderce. 
(Second Weed Stage) 

farly maturing arrnuals 
end Shallow rooted shorr 
lived perennial herbs. 
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Loar, tine gravelly so// 
tich 17 orgeric tnatrer; 
evailehle mmorsture confent 
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SO/L PHASE 

t VEGETATIVE AND SO/L FORMATION 

Fic. 1.—Plant succession or the development of vegetation where grass constitutes the 

climax or subclimax type. 

The soil upon which the second-weed stage develops, being mod- 
erately well impregnated with organic matter, is fairly moist 
throughout the growing season. This condition permits the estab- 
lishment of a stand of perennial herbs of varying density, the weedy, 
unpalatable species often predominating. These, in addition to an 
admixture of bunch grasses and often of turf-forming species as well, 
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give character to the landscape, and the interlacing roots and rhi- 
zomes bind the soil somewhat firmly, though at this point of develop- 
ment the grasses are not sufficiently abundant to form a sod. 
By the time the second-weed stage has had its growth and has 

thus prepared the way for the next set of plants the soil is sufficiently 
decomposed and contains sufficient organic matter and soil moisture 
to make possible the establishment of the climax or the subclimax 

grass cover." 

In the utilization of lands as grazing areas, the invasion by the 
higher type of vegetation is often prevented, especially where the 
species high in the development are grazed with greater relish than 

those lower in the succession. Thus the plants well up in the de- 
velopment of the type may disappear gradually or suddenly, accord- 
ing to the degree of disturbance caused by the adverse factor, until 
the plant stages lower in the development predominate. If the 
factor adverse to the progressive development of the vegetation con- 
tinues to have its play for an indefinite period the vegetation will 
continue to revert until the first-weed stage reappears, or, indeed, 
until practically all the soil is carried away and the pioneer stage 
returns. Such a succession of the plant cover down the scale from 
the more complex to the primitive type will be referred to in this 
bulletin as retrogression,? retrogressive succession, or degeneration. 

The destruction of the entire soil formation and the exposure of 
consolidated rock occurs only in the worst possible cases. More com- 
monly the productivity of the soil is decreased to a point where it 

1 Areas well within the woodland type are often occupied by a temporary cover in 

which grasses constitute the herbaceous climax. Within a woodland formation, however, 

grasses seldom if ever hold their own permanently against the invasion of timber species 

as they do on prairie and plain. 

2The writer’s concept and use of the term ‘‘ succession ”’ differs from that of some ecolo- 
gists (e. g., Clements, I’. E., ‘‘ Plant Succession, an Analysis of the Development of Vege- 

tation,’ Carnegie Inst. Wash. Pub. No. 242: 161-167, 1916) in that both progressives and 
retrogressive succession are recognized. Coming as it does from the Latin verb ‘‘ succedo,” 

meaning literally “I go under,’ the word ‘ succeed” originally had nothing to do with 

the superiority of one crop over another. Thus, succession is here considered in the sense 

to ‘“‘ follow,” ‘‘ take the place of,’ etc., and is applied in a vegetative invasional sense. 

Accordingly, if the developmental trend of an association or other plant unit is ascending 

toward the climax, it may be referred to as a positive or progressive succession; if de- 

scending from the climax it may be termed a negative or retrogressive succession. Re- 

gardless of whether retrogressive succession occurs in the same specific descending series 

as it has been recorded to occur in the ascending development toward the climax, the use 

of the term ‘“‘retrogression”’ or ‘‘ retrogressive succession’’ is a convenient and self- 

explanatory term, and its use in no way involves a fundamental principle. 

For a further discussion of the subject of progressive succession the reader is re- 

ferred to: 

Cowles, Henry C., The Physiographie Ecology of Chicago and Vicinity. Botanical Gaz., 

vol. 31, No. 2: 73-108, Feb., 1901. 

Moss, C. H., The Fundamental Units of Vegetation. The New Phytologist, vol. 9, Nos. 

1 and 2: 36-37, Feb., 1910. 

Hole, R. S., On Some Indian Forest Grasses and Their Ecology. Indian Forest Memoirs, 

vol. 1, No. 1: 13-16, 1911. 

Sampson, Arthur W., Succession as a Factor in Range Management. Journal of For- 

estry, vol. 15, No. 5: 593-96, May, 1917. 
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can support only vegetation characteristic of the first-weed stage; 
in still more common instances it may support an admixture of 
annual and perennial weeds of the first and second vegetational 
stages. 

While changes in the ground cover from a more or less ‘permanent 
(subclimax) type of high forage value to an unstable or temporary 
one of low forage value, may be brought about in many ways, over- 

grazing or other faulty management is usually accountable for the 
retrogression in the vegetation on range lands as a whole.* 
The grazing of live stock may either appreciably change the orig- 

inal palatable vegetation, for instance, transforming a pure grass 
cover to a mixed grass and weed consociation; or it may cause an 
entirely new plant cover to come in, as is almost invariably the case 
on denuded grazing lands. The character of the vegetation follow- 
ing denudation is largely determined by the topographic features 
and the seriousness of the depletion of the soil as a result of erosion 

or other adverse factors. On level areas, if they are not subject to 

severe wind or sheet erosion, the climax vegetation is sometimes 

destroyed without appreciably changing the fertility of the soil or its 
available water content. Where the fertility of the soil is not appre- 
ciably lowered, the higher type of vegetation reappears without the 
more primitive forerunners, or the intervening successional stages 
are short-lived and more or less intermixed with the climax species. 

But on the hillsides or other exposed, readily drained lands, where the 
upper, fertile layer of soil has been much depleted and its water- 
holding capacity greatly decreased, and a large proportion of the 
soluble salts and other plant foods carried with the water down the 
drainage channels, the plant cover is thrown back to shallow-rooted, 
early-maturing annual herbs, similar to those characteristic of the 
first-weed stage (fig. 1 and Pl. I). 

The time required for thorough revegetation of lands where retro- 
gressive succession has taken place is approximately in direct propor- 
tion to the degree of depletion of the soil, hence to the stage of vege- 
tation which the soil is capable of supporting, so long as the climatic 
conditions, topographic features, and type of soil remain the same. 
On range lands the rate of progressive development, or revegetation, 
may be greatly expedited’ by cropping the herbage in such a manner 
as to interfere as little as possible with the life history and growth 
requirements peculiar to the different successional plant stages. Ac- 
cordingly, the best results in promoting progressive succession are 
obtained where the season of grazing is determined on the basis of 

1Hactors such as the formation of a road or trail, the colonization of a prairie dog 

town, and the like, may greatly change or even destroy the vegetative cover, but the 

effect of such factors is seldom far-reaching economically as compared with faulty man- 

agement of live stock. 
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the life history of the different species, and notably upon the time of 
seed maturity. 

THE PLANT TYPES. 

Following the general classification of the successive plant stages, 
both in the building up and in the deterioration of the range, an 
intensive study of the succession of the vegetation was carried out on 
overgrazed protected areas, on overgrazed unprotected areas, and on 
undergrazed depleted lands, the quadrat method being used. 

The investigations were conducted in the vicinity of the Great 
Basin Experiment Station, located in that part of the Wasatch 
Mountains embraced by the Manti National Forest in central Utah. 
The area studied lies between about 9,000 and 11,000 feet in eleva- 
tion in the spruce-fir type—in the subalpine (Hudsonian) zone— 
which includes the typical summer range. In flora and climate this re- 
gion is somewhat intermediate between the extremes of the North- 
west and the Southwest. Broadly considered, the species making up 

the predominating vegetation are similar to those conspicuous on the 
summer ranges included within the National Forests in northern 
New Mexico, Utah, western Colorado, and parts of Idaho and Ne- 

vada; and the conditions in the high mountain ranges generally are 
such that the principles involved will apply elsewhere. 

Careful grouping of the vegetation up and down the scale of de- 
velopment into divisions which can be readily recognized and used in 
applying the principles here set forth reveals four major stages of 

vegetation. These stages embrace all the lands which receive their 
moisture directly from precipitation, but do not include the rela- 
tively small acreage of marsh lands and other similar areas.t. The 

‘plant stages from the subclimax down to the most transitory cover 
are as follows: 

The wheat-grass consociation (subclimax stage). 

The porcupine-grass-yellow-brush consociation (mixed grass-and-weed 

stage). 

The foxglove-sweet-sage-yarrow consociation (second or late weed stage). 

The ruderal-early-weed consociation (first or early weed stage). 

In order fully to appreciate the significance of the changes that 
take place in the development of the vegetation either toward or 
away from the subclimax type, as well as the significance of the com- 
ponent consociations in their relation to the management of the 
range, it is essential to know the ecological peculiarities and economic 
value of each. 

1 Justification for the elimination of wet meadows and similar areas is found in the 

facts that such lands are limited in extent, and the forage which they produce is rather 

inferior, and is seldom grazed destructively. 
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THE WHEAT-GRASS CONSOCIATION. 

The wheat grasses (Agropyron), broadly considered, constitute 
the climax herbaceous cover. In the vegetative cover as a whole, 
however, the wheat grasses are the subclimax type, the timber spe- 
cies, of course, constituting the true climax. 

In its unhampered development the wheat-grass consociation occu- 
pies all well-drained timberless or sparsely timbered areas in the sub- 
alpine belt, where the soil is well decomposed and of at least average 
fertility. Turf-forming wheat grasses—that 1s, those that reproduce 
largely by means of rootstocks—usually occupy the drier hillsides 
and exposed flats; but where slightly more than average moisture 
prevails during the growing season, the turfed species disappear and 
the taller and deeper-rooted wheat grasses of the bunched habit of 
growth become conspicuous. 
Owing to the variation in the rate of soil formation and in moisture 

conditions, intensity of grazing, and other factors, the wheat-grass 
subclimax is often patchy, and is frequently temporarily replaced by 
rather distinct consociations of the lower successional stages. ; 

Like most drought-resistant grasses, the wheat grasses thrive best 
in full sunlight. Accordingly, they are inconspicuous or entirely 
lacking where the herbaceous type meets the true fir-aspen cover in 
the lower reaches of the subalpine zone and, of course, in the dense 
spruce-fir cover of the higher elevations of the subalpine type. 

Turfed and bunched wheat grasses are seldom associated, owing 
chiefly to the difference in the character of their root systems and the 
difference in the distribution of the moisture content of the soils 
which they occupy (Pl. Il). Small wheat grass (Agropyron 
dasystachyum) is the most common and typical of the turfed species 
(Pl. II). Slender wheat grass (A. tenerwm) and blue bunch wheat 

grass (A. spicatwm) are the most conspicuous species of the bunched 
habit of growth, violet wheat grass (Agropyron violaceum) being 
next in order of abundance. Small wheat grass occurs on the drier 
hillsides, exposed flats, and on ridges where the soil is in a relatively 
high state of productivity ; while slender wheat grass and blue bunch 
wheat grass, which are commonly associated, are largely confined to 
areas rather too moist for the successful development of small wheat 
grass, but not sufficiently moist for plants appreciably less drought- 
resistant than the wheat grasses. Thus, the well-drained areas sub- 
ject to the full play of the high winds peculiar to the elevated sum- 
mer range are characteristically occupied by turfed species; while 
habitats which are reasonably well protected from the wind and 
devoid of barriers which tend to diminish the reception of the normal 
rainfall are occupied by bunched wheat grasses, 
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The rather strict line of demarcation in the habitat requirements 
of the two forms may be explained in two ways—(1) by the differ- 
ence in the distribution of the available moisture of the soil and (2) 

by the depth to which the roots of the two grass forms extend. 
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4 
Fic. 2.—Relative height and character of root system of typical wheat grasses of the 

bunched and of the turfed habit of growth. A, Blue bunch wheat grass (Agropyron 

spicatum) : Ad, Small wheat grass (Agropyron dasystachyum) ; AT, Slender wheat 

grass (Agropyron tenerum). 

By far the greater portion of the absorbing surface of small wheat 
grass is confined to the upper 8 inches of soil, the average maximum 
depth of individual roots not exceeding about 15 inches (fig. 2). 
Because of the densely matted sod on areas where small wheat grass 
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has become well established the percolation of moisture is exceedingly 
slow; and, except after prolonged and heavy rainstorms, a 
surprisingly small proportion of the moisture passes beyond the 

densely matted soil stratum. Accordingly, the difficulty which other 
species encounter in gaining a foothold and their practical failure to 
compete successfully with the grass for the moisture essential to their 
proper development and perpetuation account chiefly for the char- 
acteristically pure stand of small wheat grass where its development 
is undisturbed. 

The roots of the bunched species, slender wheat grass and blue 
bunch wheat grass (fig. 2), extend approximately 34 times as deep 

220 ae ane ane) into the soil as those of the small 
: wheat grass, the average maximum 

depth being about 40 inches. Hence 
a large proportion of the root- 
absorbing surface of the bunch 
grasses is well below the average 
maximum depth of that of the 
turfed species. There is no appre- 
ciable difference in the root charac- 
teristics of the two bunch grasses 
under consideration. The distance 
between the bunches varies from a 
few inches to several feet, depend- 
ing upon the moisture and other 

June Aug. physical conditions. However, re- 
. ENR Pak cite gardless of the distance between 

Ig. 3.—Avyerage monthly precipitation E 2 
in the wheat-grass formation during the bunches, provided the type is 

the Srowing season, 19i4-19i", in fully developed, there is relatively 
; little difference in the character, 

density, and luxuriance of the other species which inhabit the inter- 
vening space, the normal stand of which is usually sparse. 
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CONDITIONS OF GROWTH AND REPRODUCTION. 

While the wheat grasses thrive under a considerable range of con- 
ditions, their optimum development is reached only where the soil is 
reasonably well decomposed and in a fairly high state of productivity 
and where sufficient moisture is available to supply vigorous plants 
during the first half of the growing season. 

In the area under observation there is usually ample precipita- 

tion early in the spring of the year to saturate the soil (see Table 1 
and fig. 3). Occasionally, however, the rainfall in June and in 
the first half of July is so light that the soil contains insufficient 
moisture for the promotion of vigorous growth.t 

1 Growth in the subalpine zone begins about the last week of June. 



PLANT SUCCESSION AND RANGE MANAGEMENT. 11 

TABLE 1.—Precipitation in the heart of the wheat-grass formation, 10,000 feet 

elevation, Manti National Forest, 1914-1917, inclusive. 

Year. June. | July. | Aug. Sept. 

Inches. | Inches. | Inches. | Inches 
MQI4s Bert deme ys «oe 0.35 0.97 54 2, 
AQUA hee ae sae 2.2 1.84 -30 1.67 
LONG2e3 F222 -2522) 18 ada 1.81 .09 
di Yr emma ae eas 4.78 3.73 50 30 

Average...| 1.86 2.08 1.04 90 

The average precipitation for the month as well as for the season 
varies widely. The greatest variation since 1914 in rainfall in June 

was 4.6 inches, the maximum being 
4.78 inches in 1917, and the mini- 
mum 0.18 inch in 1916. In July the 
variation was 2.76 inches, the maxi- 

mum being 3.73 inches in 1917 and 
the minimum 0.97 inch in 1914. 
Nearly 40 per cent of the 0.18 inch 
of precipitation recorded in June, 
1916, fell during the first half of the 
month, while nearly 68 per cent. of 
the 0.97 of an inch recorded in July, 
1914, fell after July 20. Since only 
0.35 of an inch of rain was recorded 
in June, 1914, the soil was far below 
the average in water content. Ob- 
servations indicated that the un- 
questionable slowing down of growth 
noted after the first week in July, 
1914, was due to an inadequate 
water supply. 
Owing to the exceptionally low 

water requirements for the sur- 

vival of both the bunched and the 
turfed species of wheat grass, pro- 
longed periods of soil desiccation, Fic. 4—Small wheat grass (Agropy- 

covering critical periods of one or ron dasystachyum). 

more seasons, seem to have little effect on well-established plants 
other than to decrease temporarily the aerial growth and the repro- 
duction. However, young stands of turfed species usually suffer ap- 

preciably less injury from soil desiccation than stands of bunch grass 
of similar age. This is accounted for by the fact that reproduction 
in the case of the turfed species is largely by extensive rootstocks 
which have little or no tendency to shoot out until the plant is per- 
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manently established and in vigorous condition (fig. 4). True 
bunch grasses, on the other hand, reproduce entirely from seed, two 
to three years being required to establish fully a seedling plant. 
Thus, while a shoot originating from the rootstock of a turf-forming 
species is largely nourished through the medium of the deep-rooted 
parent plant, the establishment of a bunch-grass seedling is dependent 
upon its own development for moisture and nutriment. Accordingly, 
turfed wheat grasses gain dominion over the soil in the drier situations 
where their rate of occupation may from time to time be more or less 
seriously interrupted through drought, but where the well-established 
plants are seldom killed. Im such habitats the bunch grasses are 
usually killed out in the seedling stage, or the established plants, in 
competition for water, are crowded out by the shallow-rooted turfed 
species. On the other hand, habitats which receive considerable pre- 
cipitation and are characterized by soils which permit of ready per- 
colation of water are capable of supporting the deep-rooted plants. 
Such habitats are seldom if ever congenial to the domination, or in- 
deed the conspicuous presence, of the turfed wheat grasses. 

SOIL WATER CONTENT. 

A comparison of the soil moisture conditions on a typical turfed 
(small wheat grass) area and on a typical bunch grass (blue bunch 
wheat grass) area in close proximity to each other may be made by 
observing the graphs in figure 5. 

Section A of the graph, representing the moisture conditions of the 
soil supporting a typical stand of small wheat grass during the grow- 
ing season of 1915, shows a rather sharp decline in the moisture con- 
tent in the three soil strata studied (0-6, 6-12, and 12-24 inch depths) 
from July 1, which marks the beginning of vigorous spring growth, 
to September 20, the end of the growing period. On July 1 the high- 
est per cent of moisture was recorded in the 0-6 inch layer of soil, 
11.8 per cent of the water content being available for the use of the 
plant. In the 6-12 inch layer of soil for the same period there was 
approximately 1 per cent less moisture than in the upper layer, while 
in the 12-24 inch depth there was 4 per cent less. During the second 
period, however, there was a sharp decline in the moisture of the 
surface layer, and during the third period a rather striking increase. 
In the 6-12 and 12-24 inch depths for the same periods the decline 
was gradual, which is typical of all subsequent periods at the two 
lower depths. 

The most significant facts brought out in section A, however, are 
(1) the rather striking fluctuations in the water content in the 0-6 
inch layer, and (2) the fact that the water content in the 0-6 inch 

depth of soil is reduced to a point at which it becomes unavailable 
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to the plant 10 days earlier than in the two lower depths. During 
the driest period of the season, usually beginning about August 10 
in the 0-6 inch depth, and about August 20 in the deeper layers, the 
main root system often occupies soil whose moisture content is well 
below that at which vegetation can absorb moisture. The fluctua- 
tions in the water content observed to occur in the superficial soil 
layer and the practical absence of such fluctuations in the deeper 
layers, notably the 12-24 inch depth, are chiefly accounted for by 
the fact that the supply of moisture in the upper stratum, in which 
the greater portion of the feeding roots are located, is used up by 
the vegetation at a relatively rapid rate. Since the upper soil layer 
is especially rich in organic matter, hence is capable of absorbing 
a very high percentage of water (45-65 per cent) as it percolates 
through the mathke layer, the rapid desiccation of the superficial soil 
is all the more significant. Thus it will be seen that the reduction 
in the water content in the superficial layer to a point below the 
amount necessary to make it available to the use of the plant was 
reached as early as August 10, so that any water absorbed by the 
plant later in the season had to be obtained at a depth greater than 
6 inches. The two lower depths of soil, it will be noted, likewise 

became desiccated after August 20. Therefore at the end of the 
growing season the 0-6 inch layer of soil was 5 per cent below the 
point of available moisture, while the 6-12 and 12-24 inch layers 
were 3.3 and 2.1 per cent below, respectively. In general the growth 
and seed production are completed in the case of small wheat grass 
by August 15, when the herbage dries up and remains dormant until 
the spring. 

Section B of figure 5 represents the moisture conditions on a blue 
bunch grass area during the growing season 1915, the soil samples 
from which the data were obtained being taken simultaneously with 
those represented in section A. Comparing first the general position 
of the respective curves, it will be seen that the water content was 
greater on the blue bunch grass area than on the turfed wheat grass 
area in each period, with the exception of September 10 to 20 in the 
12-24 inch depth, prior to which growth had been arrested. In con- 
trast with the condition on the turfed area, the moisture content in 
the 0-6 inch layer on the bunch grass type was appreciably in excess 
of that at greater depths during the first four periods. In the fifth 
period the moisture content decreased rapidly in the upper soil layer 
and dropped below that recorded at the two lower depths; but in the 
sixth period, as the result of a fairly heavy rainstorm, the moisture 
content again exceeded that in the lower soil layers. Thus, instead 
of the 6-12 inch soil depth containing the highest percentage of 
moisture during the most active period of growth, as in the turfed 
wheat grass type, the 0-6 inch layer contained the maximum amount. 
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As in the case of the turfed area, the moisture content on the bunch- 
grass area became unavailable, except for a few days in the super- 
ficial layer between August 20 and September 1. 

THE EFFECT OF DISTURBING FACTORS. 

The opening up by excessive grazing or otherwise of a well-estab- 
lished stand of small wheat grass, as well as of congeneric turfed 
species, is congenial to the immediate establishment of a rather scat- 
tered growth of other plants, both deep-rooted and shallow-rooted, 

provided, of course, that seed is available and growth is not seriously 
hampered. Where the fertility of the soil is not appreciably changed 
asa result of the destruction of the wheat-grass turf, several shallow- 
rooted species and a few aggressive deep-rooted plants soon make 
their appearance. Obviously, the shallow-rooted species, as a result 
of both aerial and subterranean competition, sooner or later yield to 
the invasion of the more permanent and luxuriant deep-rooted plants. 
Among the deeper-rooted perennials which gain a foothold early in 

the destruction of the matlike growth of wheat grasses where the fer- 
tility of the soil is not appreciably decreased, yellow brush (Chryso- 
thamnus lanceolatus) is the most characteristic. Of the perennial 
grasses, small mountain porcupine grass (Stipa minor) is the most 
characteristic. These two plants are among the first of the deep- 
rooted perennials to signify the waning of the wheat-grass cover. 
Where the wheat-grass type is relatively young it often supports an 
occasional plant of yellow brush which may struggle along for several 
years in competition for water with the superficial roots of the wheat 
grass.t In due time the yellow brush, approximately 90 per cent of 
whose root-absorbing surface is below that of the wheat grass, gives 
away; but when the stand is opened up any remaining straggling 
yellow-brush specimens quickly regain their luxuriance of growth. 
(Fig. 6.) 

Section A of figure 6 portrays a relatively young stand of small 
wheat grass where yellow Brush was conspicuous prior to the estab- 
lishment of the wheat grass subclimax. Section B shows the incom- 
ing of small wheat grass from seed and the unhampered growth of 

yellow brush. Should the wheat-grass subclimax (section A) again 
be destroyed, or the stand sufficiently opened up to favor the perco- 
lation of a considerable portion of the rainfall to a depth corre- 
sponding to the location of the main feeding roots of the yellow 
brush, the surviving specimens of the latter would immediately show 
a remarkable response in growth. An increasing abundance of yel- 

1 While yellow brush is persistent in competition with other species, it is not believed 

to be a very long-lived species. Numerous stem examinations have shown that it seldom 

attains an age of much more than 10 years. A single specimen with 12 annual rings was 

found, 
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develops a somewhat deeper root system when the specimens are 

isolated than when the plants grow in a well-established sod. This 

increased development is doubtless accounted for by the fact that 

the water content of the soil immediately below the deeper roots 

of the isolated bunched wheat grasses is appreciably higher than 

in the soil below the deeper roots of the sodded stand. Since all 

stands of small wheat grass become matted when permitted to de- 
velop normally in well-disintegrated soils, it is evident that the 
increased development in depth of the roots of isolated specimens, 
as compared with that of the turfed plants, is purely temporary, 

and probably of little or no economic significance." 
In contrast with the turfed wheat-grass type, the conditions that 

_ obtain in a normal, fully developed bunch wheat-grass type are such 
as to permit the presence of other plants of both deep-rooted and 
shallow-rooted species (fig. 7). The shallow-rooted species, such 
as mountain squirrel tail (Hordeum nodosum), single-flowered heli- 
anthella (Helianthella uniflora), and others, feed chiefly in the upper 
foot of soil, but the density of the cover as a whole is never such as 
to prevent a comparatively rapid percolation of water to a depth of 
several feet. In general, a large part of the rainfall is absorbed on 
lands where bunch wheat grass is fully developed, so that serious 
erosion seldom occurs so long as the natural cover remains unim- 
paired. Because of the high power of absorption of the soil and 
the relatively high percentage of available moisture in the lower soil 
depths, a few deep-rooted species, like wild bean or alpine lupine 
(Lupinus alpestris), yellow brush, and the lke, as well as certain 
surface-feeding plants, like single-flowered helianthella (/elian- 
thella uniflora), mountain squirrel tail (Hordeum, nodosum), and 
blue foxglove (Pentstemon procerus), occupy the space between the 
grass bunches where the spacing is fairly wide and the intervening 
soil not fully occupied by grass roots. Therefore, where the bunch 
wheat grass stand is opened up by grazing or by other adverse factors, 
a good balance both of deep and of shallow rooted species, chiefly 
other than grasses, follows, one set of species predominating at one 
time and another set at another time. Accordingly, a reasonable 
state of equilibrium in the vegetation occupying the space between 
the bunch-grass tufts exists only when the maximum density of the 
bunch-grass stand has been reached and has become stabilized: This 
stabilization of the rather transitory type of vegetation may be ac- 
counted for by the comparative equality in the utilization of the 

_ available water content of the soil by the wheat grasses. 

+Cannon, W. A. (Plant World, vol. 16, No. 12: 323-241, 1913), found that the root 
deyelopment of desert plants varies widely in soils of different texture and depth. These 

yariations were observed to hold regardless of whether the plant was grown under natu- 

ral conditions, in garden soils, or in artificial cultures, 

112655°—-Bull. 791—19 2 
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PALATABIiLITY. 

The wheat grasses of the high mountain range afford a large 
amount of first-class forage for all classes of stock. However, the 
herbage of the wheat grasses as a whole, especially after the plants 
have reached maturity, is of only average palatability compared with 
the finer-leaved genera of grasses, such as the blue grasses (Poa) 
and fescues (/estuca) of a lower successional stage. When green and 
succulent the leafage is cropped rather closely by cattle, sheep, and 
horses; but as the plants reach full growth the leafage of some of 
the species becomes somewhat harsh. At that stage cattle and horses 

devour the herbage less closely than when the plants are young, 
leaving the rather coarse seed stalks practically untouched. Sheep, 

on the other hand, crop only a relatively small proportion of the 
herbage of the maturing or matured plant, but in general eagerly 
consume the seed heads of the awnless or slightly awned species. 

Like the majority of the congeneric species, small wheat grass 
when green and tender is eaten closely by all classes of stock. As 
the plant approaches maturity, however, the leafage becomes rough 
on the upper side, and only cattle and horses graze upon it to an 
appreciable extent. The palatability of the wheat grasses through- 
out the season being taken into account, small wheat grass affords the 
least feed of any under discussion in proportion to the amount of dry 
matter produced. 

Of the bunch wheat grasses, slender wheat grass and violet wheat 
grass compare favorably as to palatability, both being grazed closely 
by all classes of stock. Blue bunch wheat grass is only slightly less 
palatable. All of these species are grazed with unusual eagerness 
by cattle, sheep, and horses early in the season. Toward the ap- 
proach of maturity the herbage, especially of blue bunch wheat 
grass, is consumed much less closely than early in the summer, and 
the seed stalks of all species are left practically untouched. With 
the exception of blue bunch wheat grass, the spike of which is con- 
spicuously awned, the seed heads are grazed with avidity and with 

- good results to stock. 

FORAGE PRODUCTION. 

The largest amount of dry matter, exclusive of the unpalatable 
flower stalks, is produced by the small wheat-grass type. This type, 
when permitted to develop normally, usually occupies the entire soil 
surface. Owing to its relatively low palatability after about August 
10, however, small wheat grass aifords no more forage, season for 
season, than good stands of the bunched wheat grasses. Also on 
account of the lack of forage variety due to the practical exclusion 
of other plants, the small wheat-grass areas are not so well adapted 

to the grazing of sheep as are the bunch wheat-grass areas. 
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Of the bunch wheat grasses, slender wheat grass and blue bunch 
wheat grass are about equal in the amount of dry matter produced 
per unit of area, while violet wheat grass, occurring as it usually 
does in rather scattered stands, seldom produces as much forage as 
the other two species. Owing to the slightly higher palatability of 
slender wheat grass as compared with blue bunch wheat grass, the 
former supports slightly more stock per acre than the latter. 

The bunch wheat-grass areas, because of the class of plants which 
they support, are better suited to the grazing of sheep than are the 
turfed wheat-grass areas. The latter, on the other hand, are es- 
pecially well adapted to the grazing of cattle and horses; for to make 
good gain these animals require less variety than sheep, and they 
consume, proportionately, a smaller amount of weeds than sheep. 

In general the most efficient range for cattle and horses is one 
upon which the palatable subclimax grass species have been pre- 
served. In the case of sheep the range which will afford the largest 
percentage of first-class feed and at the same time prove the most; 
efficient from the standpoint of pounds of gain for the season is one 
upon which the grass stand has been sufficiently opened up to per- 
mit of a good admixture of grass, weeds, and even browse. The fact 
that sheep prefer a greater forage variety than is found on ranges 
where wheat grasses predominate does not imply that the climax 
grass type should be grazed destructively with a view of fostering 
the establishment of a large variety of more or less transitory weed 
species. Asa rule by far the biggest returns will be obtained from 

the lands by grazing the class of stock upon them: which will most 
fully utilize the forage crop. Sooner or later the original stand of 

palatable plants may give way to other species, a condition which 
may fully justify the grazing of both cattle and sheep. 

SUMMARY OF THE WHEAT-GRASS CONSOCIATION. 

Wheat grasses constitute the potential subclimax type in the high 
mountain summer range of the Wasatch Mountains. That is to say, 
lands occupied by a maximum cover of wheat grass support the high- 
est and most stable type that the soil is capable of supporting. <Ac- 
cordingly, this type, when in a maximum state of productivity, affords 
most reliable evidence of the fact that the range has not been over- 
grazed, at least within a reasonable length of time. 

The wheat-grass type is composed of two general growth forms; 
namely, turf-forming and bunch-forming species. The turfed type 
is characterized by roots which feed in the upper few inches of soil, 
which tends to bind the soil firmly. The bunch type is characterized 
by deeply penetrating roots, and since the space between the bunches 
varies from a few inches to several feet, the stand is rather open. 
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Owing to the small amount of precipitation that penetrates beyond 
the shallow matlike surface of the turfed wheat-grass type, bunch 
wheat grasses and other deep-rooted species are seldom associated 
with a fully established stand of the sodded wheat-grass cover. The 
bunch wheat-grass type, on the other hand, supports a considerable 
variety of weeds and other plants, both of deep and of shallow 
rocted characteristics. 

Regardless of the growth form of the wheat-grass cover, yellow 
brush (Chrysothamnus lanceolatus) is the most characteristic fore- 
runner of other aggressive perennial plants which gain a foothold 
as the wheat grasses are killed out by overgrazing or other adverse 

factors. Small mountain porcupine grass is commonly associated 
with the yellow brush. As the turfed wheat grass is reestablished, 
yellow brush and porcupine grass are entirely replaced. In the re- 
vegetation of the bunch wheat-grass cover, both yellow brush and 
porcupine grass are rather persistent, as the moisture conditions re- 
main comparatively favorable to the invading species until the 
original grass cover is fully reestablished. Eventually, however, 
most of the yellow brush and porcupine grass plants are crowded 
out. Thus the invasion and conspicuous establishment of yellow 
brush and porcupine grass on the wheat-grass type generally indicate 
clearly that one or more unfavorable factors are at play, which, if 
permitted to continue, may result in the destruction of the wheat- 
grass type. On the other hand, the waning of the indicator plants, 
due to competition with the wheat grass, affords reliable evidence of 
the reestablishment of the wheat-grass type. 

There is relatively little Tbe in the number of cattle and 
horses that the turfed and the bunched wheat-grass areas are capable 
of supporting in good condition. Sheep, on the other hand, make 
better returns on typical bunch wheat-grass lands than on the turfed 
areas because of the greater variety of forage which the bunch-grass 
type usually supports. In spite of this fact, however, no attempt 
should be made to overgraze either grass cover with the idea of im- 
proving the lands for the grazing of sheep. To do so will seriously 
decrease the forage production of the lands for the grazing of cattle 
and horses. After a few years of full utilization of the wheat-grass 
consociation by cattle and horses a large variety of plants usually ap- 
pears. This natural replacement of the palatable grasses by plants 
successionally lower in the scale of development will improve the 
lands for the grazing of sheep and thus bring about a condition which 
will justify cropping by all classes of stock in proper proportions. 
Where common use of a wheat-grass range is resorted to, after the 
cover has partly reverted to the weed stage, the cattle grazed should 
be reduced in number to the point where the remaining vegetation 
palatable to this class of stock will be safe from further destruction. 
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If this is not done, the retrogression of the vegetation to a pure sec- 
ond-weed stage, or, indeed, to the first-weed stage, is inevitable. 

THE PORCUPINE-GRASS-YELLOW-BRUSH CONSOCIATION. 

As a result of the serious overgrazing in the Wasatch Mountains 
prior to the inclusion of the lands in the Wasatch Forest in 1905, the 
wheat-grass consociation was much injured in many localities. Where 
the fertility of the soil was not appreciably impaired after the de- 

struction of the subclimax grass 
cover, the wheat grasses soon re- 
establish themselves; but where ap- 
preciable erosion took place or where 
a considerable proportion of the sol- 
uble soil nutrients was leached out, 

the wheat-grass species failed to re- 
occupy the lands. On the seriously 
impoverished soils, only a sparse 
stand of short-lived plants at first 
gained a foothold; but on areas where 
the fertility and the water-holding 
capacity of the soil were only slightly 
impaired, grasses, notably small 
mountain porcupine grass (Stipa 
minor) (fig. 8), and its ever-present 
associate, yellow brush (Chrysotham- 
nus lanceolatus), predominated. 
Where the soil was more seriously 
depleted, blue grasses, fescues, brome 
grasses, and others were invariably 
associated with porcupine grass and 
yellow brush. 

Smal! Mozatei n Porcupinegrasa, After the destruction of the wheat- 

Fic. §.—The dominant species of the pide consociation by Oe See en 
porcupine-grass-yellow-brush conso- large proportion of the entire cover 

aa was then either of the early or 
late weed stage; but as a result of correcting the destructive 
factor of overstocking, the porcupine-grass-yellow-brush type now 
constitutes the most extensive consociation of relatively high-carry- 
ing capacity in the high mountain region. 

Small mountain porcupine grass and the local congeneric species 
grow as bunch grass, and the intervening space is occupied by other 

grasses and nongrasshke plants. Where the soil has undergone 
only slight change physically and chemically as compared with its 
condition when occupied by the wheat-grass cover, the stand of small 
mountain porcupine grass and yellow brush is full, and the stand 
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of secondary species is relatively sparse. On the other hand, when 
the soil has been more seriously depleted, these two species merely 
occupy the chief place, many other species, especially grasses, being 
associated with them (fig. 9). Much of the acreage which had 
become so badly depleted in 1905 as to support only a scattered stand 
of the most drought-resistant and short-lived vegetation, has now 
been revegetated to the point of supporting a good, and in some 
instances a maximum, cover of porcupine grass and yellow brush, 
with the scattered admixture of other species, especially grasses high 

in the cycle of development. On areas where the vegetation has for 
one reason or another met with reversals from time to time, porcupine 
grass and yellow brush are much less conspicuous, though they con- 
stitute the predominating species. At this stage in the revegetation 
only the grasses that are characteristic of early successions are asso- 
ciated with the porcupime grass and yellow brush. 

In general, the secondary species of the porcupine-grass-yellow- 
brush consociation are numerous and of much importance econom1- 

cally.t1 Among the more common grasses may be mentioned Nevada 
blue grass (Poa nevadensis), Malpais blue grass (P. scabrella), little 
blue grass (P. sandbergii), spiked fescue (Festuca confinis), western 
‘fescue (/. occidentalis), mountam June grass (Moeleria cristata), 
spiked trisetum (7'risetwm spicatum) , mountain brome grass (Bromus 
marginatus), Porter’s brome grass (B. porteri), and frequently a 
scattered stand of wheat grasses, of which Scribner’s wheat grass 
(Agropyron scribneri) is somewhat conspicuous. Typical examples 

of the more important grasses are shown in figure 10. Among the 
more common herbs other than grasses (aside from the ever-present 
yellow brush) are yarrow (Achillea lanulosa), sweet sage (Artemisia 

discolor), several species of loco, notably Astragalus decumbens and 
A. tenellus, single-flowered helianthella (Helianthella uniflora) geum 
(Geum oregonense), wild bean (Lupinus alpestris), and blue fox- 

glove (Pentstemon procerus). Upon closer view one normally finds 
a very scattered stand of James’ chickweed (Alsine jamesiana), 
searlet gilia (Cilia pulchella), gymnolomia (Gymnolomia multi- 
flora), pingue or rubberweed (Hymenoxys floribunda), and others. 
In addition there are a number of inconspicuous annuals. 

_ These numerous secondary species (fig. 9) vary widely as to 
the distribution of their chief feeding roots. All the more important 
grasses, with the exception of the brome grasses, obtain their moisture 
supply from practically the same soil stratum as does porcupine 
grass. The brome grasses, the locos, and wild bean, on the other 
hand, extend their roots to approximately the same depth as yellow 
brush. Accordingly, single-flowered helianthella, geum gymnolomia, 

+See also Pound, Roscoe, and Clements, Frederic F., The Phytography of Nebraska, 

381-383, 1900. 
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and rubberweed may be classed as intermediate in the elongation of 
their roots between small mountain porcupine grass on the one hand 
and yellow brush on the other. Yarrow, sweet sage, and blue fox- 
glove, James’ chickweed, scarlet gilia, and the annuals, being less 
deeply rooted than small mountain porcupine grass, may be classed 

ae a ee 

ce eee ee. 
—_ a 7 | C Z ‘ 

Sec, C 

Mountain brome grass (Bromus marginatus). 

Sec. B. 

Malpiag blue grass 
(Poa scabrella). 

Fig. 10.—Characteristic grasses of the porcupine-grass-yellow-brush consociation. 
Sec. A. 

Nevada blue grass (Poa nevadensis). 

as superficial feeders. This wide variation in the extension of the 
roots is accounted for, of course, by the uniformity in the distribu- 
tion of the water in the soil from the surface to the extreme depth 
to which the roots extend. The roots of the numerous species consti- 
tuting this consociation are so evenly distributed through the soil 
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from the surface to a depth of 3 feet or more that the substratum 
usually becomes desiccated from a few inches below the surface to 
the average depth of the longest roots at approximately the same 
time in the season. 

CONDITIONS OF GROWTH AND REPRODUCTION. 

Porcupine grass feeds in approximately the same soil stratum 
(fig. 9) as turfed wheat’ grass, the average maximum depth of 
the roots being about one-third that of the bunched wheat grass. 
Yellow brush, on the other hand, extends its roots to about the same 
depth as the bunched wheat grasses. Porcupine grass and yellow brush 
therefore enter into serious competition for water only where the 
poreupine-grass tufts occur so densely as to prevent ready percola- 
tion of water to the lower depth of soil, a condition which occurs 
somewhat commonly only on the older and fully stocked areas. 
Generally, the porcupine-grass-yellow-brush consociation is more 
open, at least below ground, than the bunched wheat-grass lands 
(compare figs. 7 and 9); hence it is characterized by a more 
rapid percolation of water through the soil than occurs in the 
bunched wheat-grass cover. For this reason there is less variation in 
the distribution of the water from the surface downward on a porcu- 
pine-grass-yellow-brush area than en an area supporting a normal 

_ stand of bunched wheat grass. The depth to which the precipitation 
penetrates on the sodded wheat-grass area is extremely shallow as 
compared with the depth of penetration on a bunched wheat-grass 
area or on a porcupine-grass-yellow-brush area. Therefore, it is 
clear that so far as the available soil water supply is concerned, con- 
ditions are far more favorable for the establishment of species of 
variable length and character of root system on the porcupine-grass- 
yellow-brush type than on the turfed wheat-grass areas. Likewise, 
owing to the more open stand and the shallow feeding roots of por- 
cupine grass, the soil water content, between 1 and 4 feet in depth, 
is available to a greater variety of plants other than grasses on this 
consociation than on a fully developed area of bunched wheat grass, 
the moisture supply for which must be obtained from the same soil 
depth as for the support of other deep-rooted plants. 

While a relatively large proportion of the precipitation is ab- 
sorbed on the porcupine-grass-yellow-brush consociation, this cover, 
as in the case of the wheat-grass type, never occupies soils that re- 
main too moist for the promotion of vigorous growth. During un- 
usually dry years, growth slows down markedly, a condition which 
results in the temporary disappearance of many of the secondary 
species. Small mountain porcupine grass and yellow brush, how- 
ever, are persistent, though yellow brush yields more readily to the 
effects of soil desiccation than does its grass associate. 



PLANT SUCCESSION AND RANGE MANAGEMENT. Di. 

SOIL WATER CONTENT. 

Specific measurements of the water content of the soil have brought 
‘out two interesting facts. First, the water-holding capacity in the 
upper foot of soil on a well-established stand of porcupine grass 
and yellow brush is less than on similar areas where the wheat-grass 
type is equally well established. The average of 15 soil samples 
obtained in 1915 of soils supporting a turfed cover of wheat grass 
was 11.2 per cent higher than the average of the same number of soil 
samples on the porcupine-grass-yellow-brush area previously oc- 
cupied by turfed wheat grass. Soil samples taken on the same areas 
in 1916 and 1917, as in the preceding year, gave practically the same 
relative figures. Likewise, the same number of soil samples, repre- 
senting the bunched wheat-grass cover showed an average of 4.6 per , 
cent more moisture than that of the porcupine-grass-yellow-brush 
cover. Second, the average available water content of the soil when 
saturated was less on the poreupine-grass-yellow-brush areas than on 
the wheat-grass lands; and, as might be expected, the available water 
content was exhausted correspondingly earher in the season. There- 
fore, on an average, growth is arrested somewhat earlier on fully 
stocked poreupine-grass-yellow-brush areas than on fully stocked 
areas of the wheat-grass type. 

THE EFFECT OF DISTURBING FACTORS. 

The most reliable indication of the presence of conditions adverse 
to the perpetuation and maintenance of the highest development. of 
the porcupine-grass-yellow-brush consociation, including its less 
stable cover of secondary species, is the replacement of one or both 
of the dominant species by other aggressive plants, chiefly nongrass- 
like species. As shown in figure 9, there is normally present on the 
porcupine-grass-yellow-brush areas a more or less scattered stand 

of plants of the second-weed stage, of which yarrow (Achillea lan- 
ulosa), sweet sage (Artemisia discolor), and blue foxglove (Pent- 
stemon procerus) are the most typical. These species are almost in- 
variably among the first of the more permanent nongrasslike plants 
to merease in abundance as the porcupine grass and yellow brush 
are killed out. Because they reproduce almost entirely by vegetative 
means from long rootstocks, these nongrasslike plants probably 
increase more rapidly than any other perennial nongrasslike 
species. Accordingly, they may be declared the most reliable indi- 
cators of the presence of some factor, or combination of factors, ad- 
verse to the porcupine-grass and yellow-brush stand with its many 
desirable associated species. For a time the dead er dying porcupine- 
grass-yellow-brush cover is replaced by plants of the same species. 
As the unfavorable conditions continue their play, however, the 
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soil with its decreased moisture supply becomes unfavorable to the 
maintenance of the original plant cover, and reproduction, both by 
vegetative means and by seed, is greatly curtailed; but the condi- 
tions produced strongly favor the rapid invasion and establishment 
of the formerly suppressed blue foxglove, sweet sage, and yarrow, 
and these with certain other plants soon become established. The 
majority of these invading species feed in approximately the same 
soil stratum as small mountain porcupine grass—that is, chiefly in 
the upper foot or so of soil. 

The safest indications pointing toward the maintenance or per- 
haps the progressive or higher development of the depleted and 
thinned porcupine-grass-yellow-brush consociation, is an increas- 
ing density and luxuriance of certain blue grasses and fescues, all of 
which are shallow-rooted, and a decreasing abundance or entire ab- 
sence of the brome grasses and other deep-rooted species character- 
istic of earlier successional stages.1 This gradual elimination of the 
deep-rooted species is, of course, accounted for by the fact that the 
available moisture supply in the lower soil depth decreases in some- 
what the same proportion as on the wheat-grass areas. Among the 
blue grasses characteristically associated with the highest developed 
stands of the porcupine-grass-yellow-brush type, Nevada blue grass 
and little blue grass are the most conspicuous. In less abundance, 
but in approximately the same stage in the succession, occur Buck- 

ley’s blue grass (Poa buckleyana), and Fendler’s blue grass (P. 
fendleriana). Malpais blue grass, on the other hand, usually reaches 
its maximum abundance prior to the highest development of the 

_porcupine-grass-yellow-brush cover. Like many of the perennial 
nongrasslike species, it has all but disappeared when the porcupine- 
grass and yellow-brush stand has attained its maximum density.” 

When the porcupine-grass-yellow-brush consociation has prepared 
the way for the invasion and establishment of the wheat-grass type, 
porcupine grass is usually more abundant than yellow brush, and 
competition of a more or less serious character occurs between the 
porcupine-g grass and the yellow-brusn plants. As the bunches of 
porcupine grass increase in number and size, the rate and depth of 
the percolation of rainfall into the soil greatly decrease. ‘This re- 

1JIn general the brome grasses are relatively low in the cycle of succession. They 

usually precede the blue grasses, fescues, and porcupine grasses. Likewise, the blue grasses 

and fescues usually precede the porcupine grasses, though this varies somewhat with the 

species. Because of the exceptionally strong seed habits of porcupine grass and the fact 

that the seeds are self-planted, and a good stand of seedlings is therefore assured under 

favorable conditions of soil and moisture, a somewhat general belief prevails that 

porcupine grass may precede the brome grasses, the blue grasses, the fescues, and certain 

other grasses in the succession. Detailed quadrat data have proved this belief erroneous. 

2'The approach toward the highest development of the porcupine-grass-yellow-brush type 

can usually be recognized by the presence of at least a scattered cover of wheat grasses, 

of which violet wheat grass is usually the first te appear. 

v8 
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tention of the water supply in the upper layer of the soil in seasons 
of less than normal rainfall often causes somewhat serious desicca- 
tion in the lower soil layer, upon which yeilow brush is largely de- 
pendent for water, and results in the death of many of these plants. 
Obviously, however, the desiccation of the lower soil layer is most 

- serious immediately beneath the dense bunches of porcupine grass. 
As a result of the seed of porcupine grass finding ready lodgment 
and conditions especially favorable for germination immediately be- 
neath the expanded branches of yellow brush, dense tufts of porcu- 
pine grass, as shown in figure 9, often develop around the yellow- 
brush plants. The established yellow-brush plant is killed in a season 
or two or possibly straggles along for a few seasons. Where the 
competition is not too severe some of the branches of the yellow 
brush die and most of the branchlets on the remaining branches are 
killed, thus greatly reducing the leaf surface as well as the loss of 
water from transpiration. This reduction in the leaf surface often 
permits yellow brush to hold its place with the porcupine grass for 
a considerable time. Naturally under such conditions yellow brush. 
produces few flowers and practically no viable seed, so that. physio- 
logically its behavior is much the same as a plant that has been seri- 
-ously weakened as a result of too frequent cropping. 

PALATABILITY. 

With its large variety of palatable plants and its relatively small 
percentage of waste range, the porcupine-grass-yellow-brush conso- 
ciation probably furnishes as ideal a vegetative cover for all classes 
of grazing animals as the lands are capable of producing. Small 
mountain porcupine grass, of which the foliage is finer leaved and 
less harsh than that of the wheat grasses, is grazed with relish by all 
classes of stock throughout the foraging season. While vigorous 
growth ceases in most habitats during the first half of August, the 
herbage remains more or less green until well into September. When 
cured, the leafage of small mountain porcupine grass, hke that of 
many other fine-leaved grasses, is cropped with relish by cattle and 
horses. Sheep take a fair proportion of the herbage after the plant 
has reached maturity, but the writer has never observed this class of 
stock to graze porcupine grass as closely as cattle and horses unless 
forced to subsist upon it. 

The seed heads of porcupine grass, unlike those of the wheat 
grasses and many other grass species, are not particularly sought for 
by stock, especially when the plant is approaching maturity or after 
the seeds have ripened. In the first place, the seeds are rather small 
and do not attract stock. In the second place, the basal portion of 
the seed is sharp-pointed while the apex elongates into a rather 
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prominent awn, which, when the plant approaches maturity, becomes 
rather stiff and is objectionable to stock. This lack of palatability 
of the seed heads, however, in no way impairs the value of the herb- 
age. The fact, however, that the seeds after they become well formed 
are consumed to only a very limited extent by stock, accounts in part 
for the unusual aggressiveness? of porcupine grass. 

The palatability and forage value of the yellow brush dominant is 
comparatively low, so that where this species occurs in such abund- 
ance as appreciably to decrease the stand of other palatable plants 
the carrying capacity of the lands is considerably lower. While 
sheep and cattle browse the leafage and flower clusters to some ex- 
tent, yellow brush can not be classed as a plant of sufficient. forage 
value to be seriously considered in the management of the range 
with a view of increasing its abundance and luxuriance of growth.’ 
A large proportion of the secondary perennial species character- 

istic of the porcupime-grass-yellow-brush consociation, particularly 
the grasses, are probably first in importance among our valuable 
forage species. Practically all of the blue grasses, the fescues, the 
bromes, spiked trisetum, and mountain June grass, which occur in 
varying abundance throughout this consociation, are inferior to none 
as forage, cattle, sheep, and horses grazing them with relish at all 
times in the season. Likewise, some of the more conspicuous non- 
grasslike perennials, like yarrow, are good forage plants, though as 
a rule the nongrasslike species are grazed much more closely and 
with greater relish by sheep than by cattle and horses.? It is quite 
evident, therefore, that the porcupine-grass-yellow-brush lands gen- 
erally are well suited to the common use of stock, that is, the joint 
grazing of cattle, horses, and sheep. In this respect, then, the porcu- 
pine-grass-yellow-brush consociation differs from that of the wheat- 
grass type, which in its highest development is best suited for the 
grazing of cattle and horses. 

1The seeds of porcupine grass are usually high in viability and reproduction is greatly 

fostered by the self-burial device of the seed, the alternate twisting and untwisting of the 

awn coupled with the sharp-pointed appendage at the base of the seed. For a discussion 

on this point see Journal Agri, Research, vol. 3, No. 2: 118-119, 1918, and U. S. Depart- 

ment of Agriculture Bulletin No. 545 :9-10, 1914. 

2 Sheep browse yellow brush with more relish than cattle. Because the foliage remains 

green late in the autumn after the herbage of most plants has dried up, sheep browse 

yellow brush more closely in the autumn than at any other time in the season. Hvyen so, 

however, this plant furnishes only a small amount of rather inferior feed. 

® Cattle and horses prefer grass to nongrasslike plants, such as weeds and browse. 

Sheep, on the other hand, prefer the weed and browse type, and consume a relatively 

small proportion of grass. Exception to this statement has been recorded when the grass 

is unusually palatable and the nongrasslike species are of an inferior kind. Therefore, 

where the vegetation consists of about the same amount of palatable weeds as of grass, 

the proportion of four sheep to one cow unit usually results in the most economic utiliza- 

tion of the forage crop. On a pure or practically pure grass range, on the other hand, 

eattle alone, or cattle and horses, usually afford the most economical utilization of the 

forage. On a strictly weed range the best utilization may be expected from the grazing 

of sheep only, . 5 
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FORAGE PRODUCTION. 

Calling forth, as it does, a conspicuous amount of blue grasses, 
some fescues, a scattered stand of wheat grasses, and other less im- 
portant grasses, and at the same time permitting a number of the 
nongrasslike plants to persist, the porcupine-grass-yellow-brush con- 

sociation ranks high as forage. Expressed in terms of dry matter of 
_palatable herbage per unit of surface, the porcupine-grass-yellow- 
brush consociation reaches its maximum production where the two 
dominant species are little more than holding their own in competi- 
tion with the grasses higher in the scale of succession development ; 
that is, where the highest possible development of the porcupine- 
grass-yellow-brush cover has been reached. Per unit of area, the 
uppermost development of this consociation, with its typically con- 

_ spicuous admixture of highly palatable blue grasses, fescues, and other 
grasses, interspersed with numerous nongrasslike species, furnishes 
not only more feed but better herbage than any other forage combi- 
nation that may occur in its lower developmental stages. 

While the study has shown that a decrease in the stand of weedy 
species follows the progressive development of the consociation, it is 
seldom necessary to decrease the number of sheep that are grazed on 
the lands. Owing to the character of the feed, cattle rather than 
sheep should be increased in number to consume the additional grass 
forage, but the bulk of the nongrasslike herbage must be consumed 
by sheep. Except on a turfed grass range, a fair proportion of 
weeds, most of which are palatable to sheep but not to cattle and 
horses, is always present. Full utilization season after season of the 
grass herbage by cattle and horses tends to hold in check any striking 
increment in the grass cover, so that appreciable revegetation may be 
effected only where special methods of management are applied. In- 
deed, close utilization of the grass cover from season to season, as 
already indicated, has a tendency to decrease the grass stand and in- 
crease the stand of nongrasslike plants in much the same proportion, 
thus improving the conditions for the grazing of sheep. 

SUMMARY OF THE PORCUPINE-GRASS-YELLOW-BRUSH CONSOCIATION. 

The cover of small mountain porcupine grass and yellow brush, 
next to the wheat-grass consociation, constitutes the highest and most 
stable forage type. Accordingly where conditions become unfavor- 
abie to the maintenance of the wheat-grass cover, but not so adverse 
as drastically to change the fertility and available water content of 
the soil, porcupine grass and yellow brush soon gain dominion over 
the soil. Owing to the practical absence of turf-forming species 
within the porcupine-grass-yellow-brush consociation, precipitation 
penetrates deeply into the soil, hence both deep and shallow reoted 
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plants make up the ground cover in somewhat equal proportions. 
The highest development of the porcupine-grass-yellow-brush cover 
is indicated by a scattered stand of wheat grasses, a rather conspicu- 

ous presence of blue grasses (Poa), and a somewhat smaller amount 
of fescue grasses. The lower development of the type in question is 
characteristically indicated by the conspicuous presence of brome 
grass, and not uncommonly of fescue grasses, with the addition of 
several perennial nongrasslike plants, among which blue foxglove, 
sweet sage, and yarrow are the most common. 

So long as porcupine grass and yellow brush, including the typical 
associated species, hold their place in competition with plants of 
lower successional stages, or yield to the invasion of plants higher 
in the cycle of succession, like the wheat grasses, it is perfectly clear 
that the range is not being misused. If, on the other hand, the por-. ~ 
cupine-grass-yellow-brush consociation is being replaced by brome 
grasses, fescues, and more especially by blue foxglove, sweet sage, 
yarrow, and other plants of the second weed stage, there is indis- 
putable evidence of the deterioration of the range. 

In view of the large variety of palatable plants associated with the 
porcupine-grass-yellow-brush cover, the highest possible development 
of this type is probably the most desirable of any for the grazing of 
all classes of stock. Since the forage crop is composed both of 
weeds and grasses, with the latter distinctly predominating on the 
better developed types, the highest grazing efficiency is obtained 
through “common use,” that is, through the combined grazing of 

cattle, horses, and sheep. 

THE FOXGLOVE-SWEET-SAGE-YARROW CONSOCIATION. 

Detailed quadrat data and extensive observations have shown that 
when conditions unfavorable to growth are sufficiently prolonged 
gradually to destroy the porcupine-grass-yellow-brush cover, but not 
such as seriously to change the condition of the soil, shallow- 
rooted perennial weeds of the second weed stage, notably blue fox- 
glove (Pentstemon procerus), sweet sage (Artemisia discolor), and 
yarrow (Achillea lanulosa) are the natural successors. On the other 
hand, where the porcupine-grass-yellow-brush cover is suddenly de- 
stroyed and considerable portions of the upper soil layer carried 
away, as often takes place where live stock are injudiciously handled, 
the immediate successional cover consists chiefly of annual plants 
characteristic of the first or early weed stage, with or without an 
admixture of perennial species. 

In the gradual elimination of the porcupine-grass-yellow-brush 
cover perennial weed species usually gain a foothold shortly after 
the ground is exposed or when the roots of the grass and brush cover 
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no longer bind the soil firmly. The usual increase in the available 
soil water resulting from the lowered absorption and transpiration 
power of the former cover greatly favors the germination, growth, 
and reproduction of the perennial weeds. Generally, however, where 
the cover has been below normal in density for a number of years, 
the humus content, and, indeed, the water-holding power of the soil 
is lower than on the more densely covered lands, so that germina- 
tion and invasion of the species which immediately precede the por- 
cupine-grass-yellow-brush consociation is less vigorous than where 
the grass-brush stand has just been destroyed. 

In the degree of invasional aggressiveness, little difference has been 
observed among the three dominants; all have fairly strong seed 
habits. Once the plants are well established, however, yarrow easily 
leads in the rate of spread, the blue foxglove being the least aggres- 
sive, and the sweet sage rather intermediate between the two. This 
behavior is significant in view of the fact that the rootstocks of the 
species concerned are practically equal in length. 

As to the longevity of the dominant species few data are available. 
Owing to the relatively high palatability of the yarrow, however, 
this species is usually the first to give way under excessive grazing. 

Because of the slight difference in moisture requirements, the 
three species are often closely associated, but they seldom occur in 
equal density. When fully developed the plants form a matlike 
growth more or less pure in stand. The most luxuriant and perma- 
nent stand of blue foxglove is found on protected, moderately moist 
habitats, while yarrow and sweet sage occur in rather close associa- 
tion in somewhat drier situations. 

Regardless of the density of the cover of the foxglove-sweet-sage- 
yarrow consociation, a scattered stand representing a large number 
of secondary species occurs in association with the dominants. 
Among the grasses occasional specimens of large mountain brome 
grass (Bromus marginatus), nodding brome grass (B. porteri), 
Scribner’s wheat grass (Agropyron scribneri), onion grass (Melica 
buibosa), and showy onion grass (J. spectabilis) are characteristic. 

Of the more conspicuous nongrasslike plants, the most typical are aster 
(Aster frondeus), horsemint or giant hyssop (Agastache urtict- 
folia), mountain dandelion (Crepis acuminata), geranium (Gera- 
nium viscosissimum), sneezeweed (Helenium hoopesti), rubberweed 
(Hymenoxys floribunda), Sampson’s mertensia (Mertensia samp- 
soniz), cinquefoil (Potentilla filipes), false cymopterus (Pseudocy- 
mopterus tidestromiu), and butterweed (Senecio columbiana).1 

The root systems of blue foxglove, sweet sage, and yarrow are 
largely superficial in character, so that the water supply is derived 

* Congeneric species of the plants here named cccur in varying abundance. 

112655°—Bull. 791—19 3 
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chiefly from the first foot of soil (fig. 11). The surface soil is some- 
what matted but seldom bound so firmly as entirely to prevent the 
presence of other species. Where the second-weed stage is well es- 
tablished little serious erosion takes place. 

CONDITIONS OF GROWTH AND PRODUCTION, 

The foxglove-sweet-sage-yarrow consociation thrives wherever con- 
ditions are favorable to the growth of porcupine grass and yellow 
brush, and even where the soil is not so good. As in the porcupine- 
grass-yellow-brush consociation, however, the best development of the 
dominant species of the second-weed stage is found where the soil is 
fairly well decomposed, mellow, and reasonably moist. In general, 
the waterholding power of the soil is lower where the perennial weed 
species predominate than where plant types higher in the succes- 
sion prevail. This difference in the water-holding capacity of the soil 
is also associated with differences in soil fertility, and to some extent 
at least with its physical texture, as Table 2, showing the relative 
chemical properties of typical soil samples, would imply. The soil 
‘representing the porcupine-grass-yellow-brush cover is richer than 
the soil characteristic of the second-weed stage in all chemical constit- 
uents here considered, and the difference in the total organic matter of 
81 per cent in favor of the porcupine-grass-yellow-brush soil is par- 
ticularly significant. Aside from the fact that this high percentage 
of organic matter implies the presence of correspondingly large 
amounts of available nitrates and other plant foods, it has a direct 

- bearing upon the water-holding capacity and the power of water 
retention of the soil. The average difference in the available water 
content of the soil samples was 4.6 per cent in favor of the porcupine- 
grass-yellow-brush area. Obviously, blue foxglove, sweet sage, yar- 
row, and the associated species will thrive on the moister and richer 
soils; but owing to more highly developed root systems, greater lon- 
gevity, and other life-history characteristics of the plants of the 
higher developmental stages, the second-weed-stage species are sooner 
or later forced to yield their places to the more permanent species. 
However, plants of the foxglove-sweet-sage-yarrow consociation, 
particularly the dominant species, are comparatively resistant to 
drought, and maintain themselves well under adverse climatic con- 
ditions. 
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TABLE 2.—Average chemical properties of typical soil samples taken from the 
surface to a depth of 6 inches of an area supporting a cover of foxglove, 
sweet sage, and yarrow, and of similar samples representing soil supporting 
a cover of porcupine grass and yellow brush. 

é Nitrates 
Total | Carbon pasum Orsanie| Total | (parts | Total 

Samples. lime | dioxide mieiets Bachan nitro- er mil-| organic 
(CaO). | (COz). (CaCOs) "| gen, ion of | matter. 

Eds dry soil). 

Foxglove, sweet-sage, and yarrow | Percent.) Per cent.| Percent.) Per cent.| Percent. Per cent. 
Coversei se. ese eee ee Ok eae 1.03 0. 08 0.18 1.52 0.17 11 3.03 

Porcupine-grass and yellow-brush 
COVER sade bauigs 3Sab See es Sees cee 1.13 0.10 0.38 3. 20 0.35 17 5. 60 

The blue foxglove, sweet sage, and yarrow reproduce mainly by 
means of rhizomes or rootstocks; and like most high mountain 
plants which give rise to new individuals by vegetative means, their 
seed habits are only moderately strong. Germination tests con- 
ducted from 1914 to 1916, inclusive, gave the following average 
percentages: 

Blue, Sfoxel Ov em Se = ee haere ee ee Ae Ee 11.8 - 

SWEET "SA Ce ee ES ae ae Oe es NO erate eS eee 14, 2 

Yare O Wek ss SMa ie Oyo ae Ai Ta ae eae LeANOAS BEAU ESN AER ES OES 

In addition to the low viability of the well-filled seeds, a rather 
small seed crop is produced, a large proportion of the flowers either 
not being fertilized or failing to develop after fertilization. How- 
ever, where the soil is exposed and conditions favor germination 
and growth, seedlings of varying density and vigor are in evi- 
dence. Three years are required for the developmental cycle of most 
species—that is, from the time of germination of the seed until the 
resulting plant produces viable seed and gives rise to new individuals. 
Some species send up one or more flower stalks late in the second 
year following germination, but, as a rule, no fertile’seeds are pro- 
duced until in the third year of growth. By the end of the third 
season, the rootstocks are well formed, so that reproduction both 
by vegetative means and by seed 1 usually takes place more or less 
govliancens >. 

THE EFFECT OF DISTURBING FACTORS. 

Like the vegetation composing the types already discussed, the 
foxglove-sweet-sage-yarrow cover readily replaces itself where the 
edaphic conditions are not appreciably changed as a result of the 
cover being eliminated or thinned out. Where the physical or chemi- 
cal conditions of the soil are rendered less favorable to growth than 
formerly, however, several species lower in the succession promptly 
gain dominion over the soil. Among the first and most reliable 
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species to announce the waning or retrogression of the foxglove-sweet- 
‘sage-yarrow cover are certain inconspicuous, rather short-lived per- 
ennials which usually occur very sparsely in association with the 
dominants of the second-weed stage. By far the most aggressive 
and reliable indicators of degeneration are low pea vine (Lathyrus 
leucanthus), evening primrose (Lavauxia flava), false cymopterus 
(Pseudocymopterus tidestromii), Mexican dock (Rumex mexicanus) , 
false Solomon’s seal (Vagnera stellata), and tongue-leaved violet 
(Viola linguefolia). These rather temporary second-weed-stage 
species obtain the greater part of their moisture supply below the 
first foot of soil (figs. 12, 13, and 14.) Except in the case of low 
pea vine and false Solomon’s seal, their root systems are on the tap- 
root order, most of the species having well-developed laterals, many 
being several inches long. With the exception of low pea vine and 
false Solomon’s seal, which reproduce profusely by rhizomes, new 
individuals arise only from seed. Considering the elevation and the 
conditions of growth, the four species whose regeneration depends 
entirely upon seed have strong seed habits. Low pea vine and false 
Solomon’s seal, on the other hand, produce only a small amount of 
seed per plant, but the viability of the seed is nevertheless relatively 
high, as Table 3 shows. 

TABLE 3.—Viability of seed crop of short-lived perennial weeds produced in 
1914-1916, inclusive. 

Viability of seed. 

Plant. ] | 
Average. | Maximum.) Minimum. 

| 

Per cent. | Percent. | Per cent. 
JMDERTEAGEN GE! Wait bilo pecececeue toc OUBSE ESE Sole] \ Se epecee bee nonee 52. 78.4 20.5 
PV EWIR MENT OSE NS 92-0 ale 2 See = ne a nesee se esa e rede sls este 33.1 35.4 26. 4. 
MO WEDEMEVINe so ae ans a eeee te Swe ee aat del nantes scceeee cece 29.4 36.8 17.3 

SU ISCICYINIOMLEEUIS 2 oe a) So Seay eee ese ee eae Aachen a sees os 19.9 28.7 11.2 
GRA CMA OC Kae = Sa ah oo re GR ae Soe sees See Te beet 16.3 28.1 6.3 

1 Seed was collected from a number of specimens of each species grown in different soils and in different 
exposures so that, presumably, the figures given are representative for the seasons in question. 

In view of the fact that tongue-leaved violet is the most aggressive 
invader immediately subsequent to the destruction of the foxglove- 
sweet-sage-yarrow cover, it is interesting to note that the viability 
of the seed of this species is superior to that of its associates. While 
it may be true that enough more viable seeds are produced by the 
competing plants to equal, or indeed exceed, the total number of 
viable seeds of tongue-leaved violet, it is not improbable that under 
field conditions, the seeds of the violet, with their higher germina- 
tion strength, may outnumber those ae high germination power in 
the species having an appreciably lower percentage of viability. 
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Next to tongue-leaved violet, evening primrose is the most ag- 
gressive and abundant. This species is followed in aggressiveness by 
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(Psevdocymopterus tidestromi) 
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Fig. 12.—-Plants characteristic of the early second-weed stage, 
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Mexican dock, the increase in which is held in check to an appreci- 
able extent, however, by the fact that it is relished more by stock 
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than the associated species. Low pea vine, because of its profusion 
of long rootstocks (fig. 12), and the rapid rate at which new shoots 
arise vegetatively, forms the densest cover of any of these rather 
temporary species. 

The further exposure and depletion of the soil usually brings forth 
a, conspicuous admixture of a number of other short-lived perennial 
species, some of which may predcminate for a time. The most 
characteristic of these are mountain rock cress (Arabis drummondit), 
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Iie. 138,— Plants characteristic of the early second-weed stage. 

low larkspur (Delphinium menziesii), scarlet gilia, (Glia pul- 
chella), peppergrass (Lepidium ramosissimum), bladder pod (Les- 
querelila utahensis), plantain (Plantago tweedyi), and butterweed 
(Senecio columbianus and 8. crassulus). Very few grasses are as- 
sociated with this cover. Like their immediately superior associates 
suceessionally considered, the roots of most of these species are 
specialized, or of the tap order, with more or less conspicuous lateral 

feeders. Generally the roots are rather shallow, the moisture supply 
being procured chiefly from the upper foot of soil (figs. 15 and 16). 
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No systematic attempt has been made to determine the viability of 
the seed crop of these secondary weed species, but various laboratory 

tests and field observations indicate that the germination strength of 
the seed is high. This lower successional stage of vegetation, like 
the second-weed consociation generally, is early maturing, earlier, in 
fact, by 10 days or so than the wheat-grass cover, so that as a rule 
plants mature-their seeds and the herbage dries up well in advance 
of the occurence of killing frosts. The herbage of most of the 
species, however, cures poorly. On some lands these species are so 
closely associated with low pea vine, evening primrose, false cymop- 

Sine 
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Fig. 14.—Plants characteristic of the early second-weed stage. 

terus, Mexican dock, and tongue-leaved violet that it is difficult to 
recognize where one set supersedes the other. Generally, however, 
the line of demarcation is fairly distinct. Asa rule the latter group 
is associated with a larger percentage of annual plants than the 
former, though this varies somewhat with the density of the cover 
of perennial plants, moisture conditions, and numerous other factors. 
In the absence of a nurse cover, such as shrubby plants or other 
robust and conspicuously branched perennials, it is evident that a site 
supporting the lower successional cover of the second-weed stage is 

at best severe and less favorable to germination and establishment 
than are sites supporting a higher type of vegetation. : 
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PALATABILITY. 

The profusion of weedy or nongrasslike plants and the scattered 
occurrence of grasses make the foxglove-sweet-sage-yarrow consocia- 
tion best suited for the grazing of sheep. In general, only the 
grasses and a very few of the nongrasslike species of the vegetation 
characteristic of the second stage are eagerly grazed by cattle and 
horses. ‘These constitute only a very small proportion of the plant 

RN 
749 

9 S 

y he ets 
Oy xv y 

G 4 yy y 94N 

es i NM 5 . N [- S 

z oe) ae S 
Low Larkspur Ss _.~/4 Peppergrass ae 

(Lelahinium meng lest!) (Lepidium ramos ss 1777 Jy 

Fig. 15.—Plants characteristic of the early second-weed stage. 

cover. While, as already stated, sheep crop a grass range less closely 
than cattle and horses, sheep nevertheless eat the herbage of grasses 
where such feed constitutes only a relatively small part of the total 
forage crop. Most of the nongrasslike plants are grazed more or 
less closely by sheep. Therefore, the highest possible utilization of 
the second-weed-stage type is obtained by the grazing of sheep, pro- 

vided, of course, the animals are properly handled. 
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The relative palatability and forage value of the different species 
making up the second-weed-stage consociation are summarized in 
Table 4. Palatability is here classed as high, medium, low, negative, 
and objectionable; abundance as dense, moderately dense, scattered, 
and very scattered. Of the 27 species listed, 17, or 63 per cent, are 
either highly or moderately palatable to sheep; while only 9, or 33 
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Fic. 16.—Plants characteristic ofthe early second-weed stage. 

per cent, and 5, or 18 per cent, are either highly or moderately 
palatable to cattle and horses, respectively. Those of low forage 

value number 8, or 30 per cent, in the case of sheep, none being listed 
as negative in forage value; in the case of cattle 16, or 59 per cent, are 

low or negative in palatability; and in the case of horses 20, or 74 
per cent, are listed in the same category. The species of greatest 
abundance are much more palatable to sheep than to cattle and 
horses. Accordingly, it is evident that, so far as the forage is con-_ 
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cerned, much higher utilization will be obtained by cropping the 
second-weed-stage cover by sheep than by cattle and horses. 

TabLe 4—Comparative palatability and forage vaine of the plants characteristic 
of the second weed stage. 

Palatability. 
A 

Plant. ; Abundance.t 

Sheep. Cattle. Horses. 

JSPs BBt ab ease ee eee Medium....---- WOW 8 2 tage eee Negative....... Moderately dense. 
Bladder pod .-.----------------- SUOh 7 ene ons aee Negative do Scattered. 
Biietoxslove=..----------=----- Medium.......-| Low. -.---=-.-- Rises ------| Dense. 
UG TEGWeCOS asics -ejece mnie eae ISbe soossone ss i : : Scattered. 
(CHG IGIOE 5 SagbcscossSeree soem Nediemisss 5.222 Av0wie eee =e ; Do. 
Evening primrose. ....--.-------|----. GOs ea: ahead Ome eae ies sscayel Do. 
False cymopterus...------------ LUG Welasooggs5ee Do. 
(GUSTER CDE 16k tA as ey eer Medina ahs. | ews tence Moderately dense. 
LE COREE I DOU CRY Rea yest eae ees WOW eee eee She Oleene eee gative. Seattered. 
Large mountain brome grass----| High...-------- EA ti SA as i Moderately dense. 
BUOMVEDA WANG =< 222-02 < oc oee Medium....---- omiouisc Do. 
Mexican dock.-....--- : --| Very scattered. 
Mountain dandelion... .-| Scattered. 
Mountain rock cress. -| Very scattered. 
Nodding brome gras Seattered. 
Onion grass. ..-.---. = 5 Do. 
Peppergrass .. -| Negative Very scattered. 
Plantain ....- Bese aet: Bl ey yaa seen oes -.--.d0 Do. 
Rubberweed -..--22222-2-2.25.- Objectionable. .| Objectionable. . .:) Scattered. 
Sampson’s mertensia..-.--.-..--- 18 ole eee Gee iBUTBal gece Saean L Do. 
ReHMEU PANE eee eal Medium........ WOW cee Sasa. i Do. 
Scribner’s wheat grass...--.------ Lowe ite Medium... rae i Do. 
Showy onion grass....-.---.--.--|....- doe eee BEC Oe ae Nee Do. 
HUECZOWeEd urea eels blechioushies. Objectionable ad Objectionable ie Do. 
PVC CUISA RCM eee cee ane Medium.. SoA KC @sceemeeses Negative..---.- Dense. 
Tongue-leaved violet--.--.--.----|----. Mose ake let Goes nee paaee (uly San coos Scattered. 
BEARIO Wiss oe eee ene ee Sena he ieee ae Medruiml-<-2- -) dew). oreo. Dense, 

1 Abundance as here used takes into account the size of the plant and its herbage production as well as 
the density in which it oceurs, 

FORAGE PRODUCTION. 

As compared with the porcupine-grass-yellow-brush consociation, 
the carrying capacity, acre for acre, is notably less on the foxglove- 
sweet-sage-yarrow type, regardless of the class of stock grazed. Even 
if used by sheep, the more superior second-weed-stage type will 
probably support only 50 per cent as many year after year without 
injury to the range, as will an equally desirable cover of the porcu- 
pine grass and yellow brush. In the absence of a sufficient stand of 
grasses and other desirable late-maturing plants the herbage of the 
second-weed stage is highly succulent; and while palatable and con- 
ducive to the production of large gains in the case of sheep it does 
not produce fat which is as solid or as permanent as that which 
characterizes the condition of the animal when it eats a fair bal- 
ance of grasses and of other late-maturing plants. Cattle and 
horses little more than maintain their weight on a range distinctly 
in the second-weed stage. The acreage required per cow is propor- 
tionately much greater on a range in the second-weed stage than on 

a porcupine-grass-yellow-brush cover or on a wheat-erass area. Rela- 

tively little of the palatable feed is grazed either by sheep or cattle 
after the plants reach maturity or after killing frosts have occurred. 
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SUMMARY OF THE FOXGLOVE-SWEET-SAGE-YARROW CONSOCIATION. 

The foxglove-sweet-sage-yarrow cover, less specifically known as 
the second or late weed stage, is the initial type in the retrogressive 
succession of the porcupine-grass-yellow-brush consociation. The 
more characteristic plants of this weed stage generally are compara- 
tively aggressive where the conditions of growth are reasonably 
favorable. A rather large number of species are associated with the 
foxglove-sweet-sage-yarrow type species, though they seldom occur 
as dominants. By far the greater number of the secondary plants 
are nongrasslike. A few grasses are present, however, among which 
large mountain brome grass is by far the most important. 

The type species and several of the secondary plants reproduce 
both vegetatively and by seed. In several species vegetative repro- 
duction is so active as to produce a loose matlike ground surface. 
Most of the plants are shallow-rooted. When the soil conditions 

- become unfavorable for the maintenance of the foxglove-sweet-sage- 
yarrow cover an aggressive succession of shallow-rooted, relatively 
short-lived perennial plants in association with a number of annual 
species usually takes place. In instances of severe soil depletion 
annual species invariably predominate. 
Low pea vine, evening primrose, false cymopterus, Mexican dock, 

and tongue-leaved violet are the most reliable and characteristic ini- 
tial indicators of the destruction of the more stable second-weed-stage 
cover. If the disturbing factor continues to operate, these rather 
short-lived perennials are sooner or later superseded by annual plants. 
Much less dry matter and notably less palatable feed are produced 

on the late-weed-stage type than on the wheat-grass or on the porcu- 
pine-grass-yellow-brush consociations. The profusion of weed or 
nongrasslike plants and the small amount of grass forage produced 
makes the second-weed-stage cover better suited for the grazing of 
sheep than for cattle and horses. Owing to the fact that sheep graze 
nongrasslike plants with considerably greater avidity than cattle and 
horses, the foxglove-sweet-sage-yarrow consociation can be fully 
utilized by the grazing of sheep alone. Sheep, however, will not 
show as much progress on the second-weed-stage consociation as on 
the porcupine-grass-yellow-brush consociation. The gains may be 
fairly large but the fat is not of a solid character. Cattle and horses 
do poorly on the late weed type. Asa rule, they little more than main- 
tain their weight. 

THE RUDERAL-EARLY-WEED CONSOCIATION. 

Soils which were formerly rich but which have been so seriously 
impaired that their fertility is similar to that of relatively new soils 
recently invaded by herbaceous plants, support virtually the same 
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type of vegetation as do the new soils.t The cover consists essentially 
of ruderal or annual plants, mostly weeds. This colonization of the 
early-weed stage continues until enough organic matter has accumu- 
lated in the-soil to favor the invasion and establishment of the sec- 
ond or late weed stage. 

The density of the cover varies greatly according to the character 
of the soil, the seed crop available for germination, and the growth 
condition of the current season; the cover may be quite dense one 
year and relatively sparse the next. When one good growing season 
follows another the cover is particularly dense and the individual 
plants are large; also the pioneer species of the second or late weed 
stage usually begin to appear. A succession of dry years, on the 
other hand, brings forth a sparse stand of the first, or early weed 
stage, the plants of which are small; also the pioneer species of the 
second weed stage are usually absent. 

The most typical and abundant species of the first-weed stage are 
goosefoot or lamb’s-quarters (Chenopodium album), slender-ieaved 
collomia (Collomia linearis), tarweed (Madia glomerata), Tolmie’s 
orthocarpus (Orthocarpus tolmiet), Douglas knotweed (Polygonum 
douglas), and tansy mustard (Sophia incisa) (figs. 17 and 18). 
Less abundant, but usually associated with the above species are 
androsace (Androsace diffusa), gilia (Gilia micrantha), peppergrass 
(Lepidium ramosissimum), monolepis (Monolepis nuttalliana), and 
knotweed (Polygonum aviculare). 

In general the first-weed-stage cover reaches maturity earlier than 
any other. Because of the shallow roots and the lack of conspicuous 
laterals, this cover is of little value in checking erosion or otherwise 
preserving the watershed. The root systems are essentially of the 
specialized or tap character, and are confined almost entirely to the 
upper foot of soil—indeed the roots of the majority of the species 
do not penetrate deeper than about 8 inches. Therefore, where the 
topography, soil, climatic conditions, and other factors favor torren- 
tial runoff, the ruderal-weed stage is of the least value of any in 
protecting the watershed from erosion. 

CONDITIONS OF GROWTH AND REPRODUCTION. 

No group of perennial plants has as strong seed habits and is sub- 
ject to as few failures in seed production as the first-weed-stage spe- 
cies. While no systematic study has been made to ascertain the size 
and viability of the seed crop, observations and repeated germination 
tests indicate that the normal seed crop is unusually large and fertile. 
Germination tests of well-developed seed of Douglas knotweed and 

1Soils heavily packed, which often takes place when stock (especially sheep) trample 

denuded or sparsely vegetated areas excessively, also commonly support only ruderal 

or annual plants. 
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tansy mustard, for example, have averaged more than 70 per cent, 
considerably exceeding the highest average seed-test records of per- 
ennial species. Generally, the seed of the more aggressive annuals 
are plump and well filled with reserve food. Another distinct ad- 
vantage observed in the case of the seed of the ruderal weed species 
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Hig. 17.—Plants characteristic of the first or early weed stage. 

is their ability to germinate under conditions ef temperature ad- 
verse to most plants. Seed of Douglas knotweed, tansy mustard, and 
tarweed, for instance, have been observed to sprout when the maxti- 
mum diurnal temperature has not exceeded 50° Fahrenheit, the 
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mean temperature being 42°, and when the nocturnal temperature 

has dropped from 2° to 4° below freezing. Few perennial plants, 
even though restricted in their distribution to the subalpine zone, 
are capable of germination at such low temperatures. Being entirely 
dependent upon seed for their perpetuation, obviously only those an- 
nuals persist or are conspicuous which are capable of germinating 
and becoming established at the earliest advent of spring. 
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Fic, 18.—Plants characteristic of the first or early weed stage. 

Since the ruderal-early-weed stage represents the lowest or most 
primitive herbaceous cover possible, it will be instructive to compare 
briefly the conditions of growth of this type with those of the highest 
herbaceous successional cover, the wheat-grass consociation. For the 
purpose of ready comparison the average, maximum, minimum, and 
optimum depths of the roots of the most characteristic ruderal-weed 
species and of the chief wheat grasses are tabulated in Table 5. 

While the depth of penetration of the roots of wheat grasses as a 
whole is appreciably greater than in the ruderal weed species, small 
wheat grass obtains its water supply from much the same soil stratum 
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as the ruderal-weed species. Blue bunch wheat grass and slender 
wheat grass, on the other hand, absorb nearly all of the water they 
need saan sail far below the ifeepeet penetration of roots of the 
annual plants. 
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Fig. 19.—Plants characteristic of the first-weed stage. 

TABLE 5.—Comparative depth of roots of typical ruderal-weed species and of 
the chief wheatgrasses. 

Depth of roots in inches. 

Plant. 

Maximum. | Minimum. | Optimum. 

Ruderal-weed species: 
GOOSEI00 Lee erase ea loeee cicisyaielae cis ois hostel Sei eer 7 3 5.5 
Slender-leaved'collombiat asren cc ccecscns ccemeecc ae core ceo ene 9 3.5 6 
TATweCd 2: Senet man. Sees. Ie ae ee ee es aL ee 10 4 7 
TolMiESOTEHOCAT PMS espe eee se oe eee ee eee ee anes 8 3 5 
IKimMOUWeOG 2s ee asic xe ee surcieie Se See Se eee ee Mee eee 11 4 7 
Douglasiknotweed ccc ni-2 sae ee ee see 10 4 7 
Pansy ANUS tarde epee ee Assis seer Ga Ola ee eee ence 9 3 6 

AV CT ALC Wine Sora oiaecctee biti esate os SOE ee EES sees fees 9.1 3.5 6.2 

Wheat grasses: 
Small wheatwerassesete ye eee eas ese Hee ee ea ee 15 6 8 
IBLE uMCieyh eater hassel ene sue cree ern eae nee 40 26 32 
Slender wheatssrass esata seas ed. Comets ok EN ie aml 40 26 32 

bAvieTage:: Lins. se See eee ae a 3 Gsea aie: ee de ens eR hh 31.7 19.3 24 

The rate of percolation of water is much greater on the ruderal- 
weed lands than on the small wheat-grass areas. This is due not 
only to the dense matlike growth of the roots characteristic of the 
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smal] wheat-grass cover, but also to the comparatively high propor- 
tion of humus, and hence water-holding power, of the wheat-grass 
soil. 

Data showing the more important chemical constituents and humus 
content of representative soils supporting short wheat grass and of 
soil supporting ruderal weeds are given in Table 6. Except in the 
amount of potash, the percentage of the chemical constituents im- 
portant as plant food is higher in the soils representing the small 
wheat-grass lands than in the soils characteristic of the ruderal-weed 
cover. The most striking difference is found in the total nitrogen 
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Fic, 20.—Avyailable and nonavailable soil moisture on an overgrazed area supporting a 

sparse stand of ruderal vegetation, 1915. 

content. Also there is a wide difference in the humus content as de- 

termined by incineration. 

TABLE 6.—Chenvical properties of soil supporting small wheat grass and soil sup- 
porting the ruderal-weed consociation. 

. yates Loss by . Lime Potash | Phosphoric} Total ste cthe 
por: (Cad). | (K:0). acid (P,0.).| nitrogen. | Jgnition 

Per cent. Per cent. Per cent. Per cent. Per cent. 
pe Heat PTASSE See Sree 1.49 1.30 0.38 0. 488 14.65 
LE TiG eral S760 ee oe een | 1. 26 1.53 aOW - 158 6. 64 

112655°—Bull. 791—19—4 
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The wide difference in the humus content accounts chiefly for the 
higher water-holding power and available plant water in 
the wheat-grass soil, which, when it was saturated, were greater by 
10.4 per cent than in the soil which supported the ruderal-weed vege- 
tation. In order to determine what effect this difference in fertility 
and available water might have on the growth and water require- 
ments of vegetation, experiments were made on three batteries each 
of the selected soils The vegetative development and the total 
water requirements of the plants grown in the wheat-grass soil and m 
the ruderal-weed soil are shown in Table 7. 

TABLE 7.—Summary of vegetative growth and water requirements of peas and 
wheat developed in soils characteristic of the wheat-grass type and of the 
ruderal-1eeed cover. 

Peas. W heat. 

Plant. 
Ruderal-| Wheat- | Ruderal-| Wheat- 

x weed soil./grass soil.|weed. soil.jgrass soil. 

Nitteiber obleuwes 8 eae 55+ vee neeee ste rsteere ee ob ode 42 112 22 47 
Wentlencth ieee were e. ... \aeMe an oem >) ae mm... 791 2, 634 4, 474 10,080 
LD RVEW CIS tame ae ee eee ae Re ee some ee grams... 0.79 6. 55 abe 12.09 
Wietemused por pian ss. 52 2222 Sees eee cae 667 3, 051 2,516 3, 220 
Water requirement per unit dry matter_...............-- do Ls: 841 467 472 343 

Both wheat and peas show a striking contrast. in the vegetative 
growth and in the water requirements in the two soil types. The 

1The batteries were so arranged that no water escaped from the soil except by transpi- 

ration from the plants grown. 

After being carefully sifted, the soils were moistened so as to contain approximately 30 

per cent of water. The soil was thoroughly mixed, so that the moisture content was uni- 

form throughout, and was firmly packed in heavy galvanized-iron potometers, 17 inches 

high and 14 inches in diameter. Potometers of this size, having as they do a capacity of 

about 90 pounds of air-dry soil, provided a soil mass of ample space for development and 

spread of the roots of the plants selected to be grown in the potometers. The potometers 

were fitted with lids of the same material as the cans, and five equally spaced holes 

three-fourths inch in diameter were punched in each for the plants. In the center of the 

cover a hole 1% inches in diameter was provided, which was used in watering and which 

was fitted with a cork stopper and capillary tube for the circulation of air. Before the lid 

was put on sufficient soil was removed from the surface center of the can for the placing 

of a granite receptacle 4 inches in height and 5 inches in diameter, perforated centrally 

in the bottom and underlaid with 13 inches of gravel. This greatly facilitated the addi- 
tion of water. After the lids were placed the space between the rim and can was closed 

by securely sealing with strips of surgeon’s adhesive tape, which, when dry was coated 

with shellac. In order to have as little variation as possible in the individual plants, 

pedigreed strains of Canadian field peas (Pisum arvense) and cultivated wheat (Triticum 

durum), known as Kubanka 1440, were used. In order further to insure uniformity in 

the plants the seeds were sprouted between moist blotters and the most vigorous sprouts 

transferred to water cultures from which uniformly sized plants were subsequently 

selected for planting. In planting, a small amount of soil was removed through the per- 

forations made in the lid, the roots of the sprouts were inserted, and the soil was firmly 

pressed about the roots. A combination of melted beeswax and tallow was used to seal 

over the soil exposed by the perforations made in the lid of the potometer through which 

the plants were inserted. The methods used in sealing and in watering were essentially 

the same as those devised by Briggs, L. J., and Shantz, H. L., “‘ Water Requirements of 

Plants,” U.S. Department of Agriculture, Bureau of Plant Industry Bulletin 284: 8-14. 

1913. 
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vegetative development was appreciably greater in the wheat-grass 
soil both in the number of leaves produced and in the total leaf 
length. The difference in the development of the plant as a whole 
is best expressed by the dry weight produced. In peas the propor- 
tion of dry weight was as 1 to 8.2 in favor of the wheat-grass soil; 
in wheat the proportion was as 1 to 2.2 in favor of the same soil 
type. The water requirement for the production of a given unit of 
dry weight, on the other hand, was much greater in the ruderal-weed 
soil than in the wheat-grass soil, the proportion being approximately 
9 to 1 in peas and 2 to 1.4 in wheat. 

The higher water requirement of plants grown in the less fertile 
soil is particularly significant in view of the fact that impeverished 
soils absorb and retain very much less water than do the more fertile 
soils. This fact, coupled with the low fertility of the soil, chiefly 
accounts for the presence of the temporary weed cover on badly- 
impoverished, as well as newly-formed soils. 

SOIL WATER CONTENT. 

_ The soil moisture conditions on a first-weed-stage area during the 
season of 1915 are summarized in figure 20. Considering the general 
trend of the curves representing the available water content from 
0 to 6 inches, 6 to 12 inches, and 12 to 24 inches in depth by 10-day 
periods throughout the growing season, it will be observed that there 
is a rather sharp decline in the water content of the soil from July 1 
to September 20. Except in the last period (September 10 to 20) 
the highest amount of available plant water was found in the 12 
to 24 inch layer. The 0 to 6 inch soil layer, on the other hand, con- 
tained the lowest water content throughout the entire period. When 
saturated the upper 6 inches of soil, except where severe washing 
has occurred, usually contains several per cent more moisture than 
the soils of greater depth. The reduction in the water content of the 
upper soil layer is, of course, chiefly attributable to transpiration 4 
and toa slight extent to direct evaporation from the soil.? 

The most important physiological fact brought out in the graph 
is the period at which the soil water content becomes unavailable 
to the vegetation. In the case of the all-important upper 6 inches of 
soil, from which the first-weed-stage plants procure by far the 
greater part of their moisture supply, the water becomes unavailable 
to the vegetation between August 1 and August 10. In the 6 to 12 

2Loss of water by direct evaporation from the soil is slight as compared with that lost 

by transpiration from: the vegetation. For a discussion on this subject see Burr, W. W., 

“Storage and Use of Soil Moisture.” Research Bulletin, No. 5, Agricultural Experiment 

Station of Nebraska: 61: 1914. Also Romistroy, V. G., “ The Nature of Drought Accord- 

ing to the Evidence of the Odessa Experimental Field.” M. lL. and A. Department of 

Agriculture, Odessa: 17: 1913. 
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inch and the 12 to 24 inch soil layers there was available water 
until about September 10. Because of the desiccation of the upper 
soil layer during the first few days in August at least 90 per cent 
of the vegetation ceased to function. While the rate of growth and 
the period of maturity vary according to the character of the season, 
the ruderal-weed cover generally requires only about six weeks in 
which to complete growth and mature its seed crop. 

THE EFFECT OF DISTURBING FACTORS. 

The edaphic conditions of few of the deeper and older mountain 
soils are so adverse as entirely to exclude the first-weed-stage plants. 
But the density of the cover of the type in question is controlled 
largely by the proportion of available moisture contained in the 
soil during the germination period. Likewise the luxuriance of the 
stand is determined chiefly by the available moisture content during 
the growing season. 

Thorough’ colonization of the ruderal-weed species for three or 
more years, in the absence of the play of factors adverse to the un- 
hampered development of the vegetation, generally calls into evi- 
dence an admixture of the more aggressive, short-lived species of 
the second-weed stage, hence marks the initial passing of the ruderal- 
weed cover. On the other hand, the removal of a large proportion of 
the soluble plant foods, and indeed of portions of the soil itself, 
is followed by a distinct retrogression of the first-weed-stage vegeta- 
tion. Where the destruction of the soil is continued to the extent 
that the “holdfast ” of the ruderal-weed type is destroyed, the pio- 
neer stage of plant life—the alge and lichens—again appears over 
the exposed rocks. 

PALATABILITY. 

With the exception of a very few plants, the ruderal-weed conso- 
ciation affords little feed for stock. A large number of the plants are 
cropped by sheep at least to a limited extent, but they afford only a 
small amount of forage. Cattle graze only a few species, and horses 
consume practically none. The most palatable plant to sheep and 
cattle is tansy mustard, the flowers, leafage, and the more tender 
parts of the stem being devoured with unusual relish until the 
plant reaches maturity; after that, like nearly all of the first-weed- 
stage species, it is not grazed noticeably at all. Tansy mustard, how- 

ever, occurs so scatteringly over the type as a whole that it is of 
little value as a forage plant. Douglas knotweed, the most abundant 
of the ruderal-weed species, is grazed to a considerable extent by 
sheep before the seed is disseminated, apparently with good results 
to the animals. It probably furnishes more feed than all the rest of 
the annual species combined. Cattle also graze Douglas knotweed, 

Be 
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though with less relish than sheep. Several of the more conspicuous 
plants, like tarweed, gilia, etc., are practically disregarded by stock. 

FORAGE PRODUCTION. 

The amount of forage produced on lands in the first or early weed 
stage is far less than that on lands supporting any of the higher stages 
of plant growth. Like the second or late weed cover, the ruderal-weed 
cover is best suited for the grazing of sheep, but the carrying capacity 
is exceedingly low and the forage distinctly inferior. Aside from 
the fact that little of the herbage produced is grazed after about the 
first week in August, anything approaching complete utilization of 

the forage crop 1s apt to stimulate erosion of a most destructive char- 
acter. Hence range lands in the ruderal-weed stage must be man- 
aged in the most expert way; anything approaching maximum utili- 

zation is hardly to be considered if the more permanent and desirable 
cover is ultimately to gain dominion over the soil. 

SUMMARY OF THE RUDERAL-EARLY-WEED CONSOCIATION. 

On lands where the soil has been so seriously impaired as no longer 
to afford a congenial habitat for the growth of perennial species, the 
cover consists essentially of annual plants. This first or early weed 
stage of which goosefoot or lamb’s-quarters, slender-leaved collomia 
tarweed, Tolmie’s orthocarpus, Douglas knotweed, and tansy mus- 
tard are typical examples, completes its growth in about 6 weeks 
after the sprouting of the seed. As the plants are entirely dependent 
upon seed for their perpetuation, their seed habits are exceptionally 
strong, the viability of the seed from year to year averaging con- 
siderably higher than that of the perennial plants. In spite of 
strong seed habits, however, there is a wider variation from year to 
year in the density of the stand of the early-weed stage than in any 

other type. This is chiefly due-to the fact that there is not always 
ample moisture for plant life in the superficial soil layer in which the 
feeding roots of this consociation are located. While often variable 
in density, the ruderal-weed type nevertheless persists until enough 
organic matter has been accumulated in the soil to favor the estab- 
lishment of plants of the second-weed stage. 

Little forage is produced by the first-weed type. While a consid- 
erable number of species are grazed by sheep (few are eaten by cattle 
and practically none by horses), only a small amount of dry matter 
is produced. Douglas knotweed, the most abundant species, is 
cropped with moderate relish both by sheep and cattle and probably 
furnishes as much feed as all the other annuals combined. However, 
the ruderal-weed cover is grazed only when the herbage is succulent 
and tender. In view of the early maturity of the vegetation and the 
fact that the first-weed-stage cover affords poor protection of the 



54 BULLETIN 791, U. S. DEPARTMENT OF AGRICULTURE. 

watershed, it is essential that stock permitted on this type be handled 

in accordance with the most approved methods. If serious erosion is 

to be prevented, the lands should be grazed very lightly or not at 
all until plants of the second-weed stage have gained a foothold. 

THE EFFECT OF GRAZING ON PLANT SUCCESSION. 

The grazing of live stock may, under certain conditions, either re- 
tard or promote the development of a plant cover and cause either 
retrogression or progressive succession. 

DESTRUCTIVE GRAZING AND ITS RELATION TO EROSION- 

The highest grazing efficiency consists in getting the greatest 
possible use out of the range from year to year. Any system of graz- 
ing, therefore, which decreases the carrying capacity of the lands so 
that the forage production is decreased from season to season may be 
classed as destructive. If such a method is continued, the ground 
cover will be partly or wholly destroyed, a condition which is almost 
invariably associated with erosion. 

While it is probably true that the extent of surface run-off and 
erosion is largely determined by climate, topography, and soil, the 
combined influence of these factors on the high mountain grazing 
lands of the West is not such as to cause serious soil depletion except 
where the vegefative cover has been badly impaired. A typical case. 
of overgrazing, indicating the relation of the vegetative cover to 
erosion, is shown in figure 21.2 The more important facts brought 
out in figure 21 may be summarized as follows: 

1. Where the original cover remained intact, as in section B to the 
extreme left in the figure, practically no erosion occurred. Partial 
destruction of the vegetation (section 6 to extreme right) was accom- 
panied by moderate erosion, while serious destruction of the cover 

{section A’) was associated with erosion of a most serious character. 
2. The colonization on the moderately depleted areas (section B 

to extreme right) consists essentially of typical second-weed-stage 
plants, while on the very sparsely colonized blocks (section A) the 
vegetation is composed either of the first-weed-stage plants or of 

1 Tor further information as to the relation of grazing to erosion, see Sampson, Arthur 

W., and Weyl, Leon H., “ Range Preservation and Its Relation to Erosion Control on 

Western Grazing Lands,” U. S. Dept. of Agr. Bul. No. 675, 1918. 

*The area represented lies at an elevation of about 10,000 feet, has a western ex- 
posure, and an average slope of approximately 11 per cent. Until 1905, when the lands 

came under governmental control, the range had been subject to heavy overgrazing by 

all classes of stock. Since 1905, the area has been subject to moderate grazing by cattie 

and sheep. As a result, considerable revegetation has taken place where the original 

cover remained more or less intact, and where little er no erosion occurred. The badly 

eroded areas, however, have improved relatively little in carrying capacity during the 

past 10 or 12 years (1905-1917) of moderate grazing, and now they furnish only a small 

amount of inferior forage, 

1 
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species that appear very early in the succession of the second-weed 
stage. The blocks upon which the cover was only slightly impaired 
are occupied essentially by the subclimax wheat grasses. 

3. The root system of the vegetation as a whole, as shown in the 
cross-section view of figure 21, is the sparsest and most superficial 
on the seriously eroded blocks, intermediate both as to depth and 
density on the moderately eroded areas, and deepest and most abun- 
dant on the least eroded and most highly vegetated blocks. 

Chemical analyses of the soil have clearly shown that the fertility 
is roughly in proportion to the extent of the soil depletion, the least 
soil eroded being the most fertile. In these tests the samples of non- 
eroded soil contained an average of approximately four times more 
organic carbon, three times more total nitrogen, and four times more 
total organic matter than did the eroded samples. Likewise the 
water-holding power in the soil samples from the noneroded blocks, 
when saturated, was greater by 9 per cent than in the samples from 
the eroded blocks. . 

From these facts it is evident that any system of grazing which 
results in the destruction of the ground cover and at the same time 
permits erosion to gain headway, not only immediately decreases the 
carrying capacity of the lands but prevents the establishment of the 
more permanent cover for an indefinite period—in some instances 
possibly for 50 years or more.t The translocation of the upper few 
inches of the surface layer of soil, with its comparatively rich im- 
pregnation of organic matter, causes the usual reversion of the vege- 
tation to a lower successional stage, not uncommonly the first-weed 
stage. Under such conditions the former dominance of the sub- 

climax species will not again appear until the original fertility of 
the soil has been reestablished, which is possible only after the appli- 
cation of many years of judicious range management. The contin- 
uance of grazing without regard for the growth requirements of the 
vegetation causes further soil depletion. 

FORAGE PRODUCTION ON DRIVEWAYS AND BED GROUNDS. 

The use year after year of established driveways and bed grounds 
for stock furnishes noteworthy instances of retrogressive succession. 
While it is true that the majority of the driveways on the National 
Forests were most seriously depleted before the lands came directly 
under the control of the Government, and that since that time many 
have improved somewhat in productivity, generally they support 
only a sparse cover of inferior transitory vegetation. Established 
bed grounds are usually depleted in proportion to the length of time 

1Shantz, A. L., ‘‘ Plant Succession on Abandoned Roads in Eastern Colorado,’ Jour- 

nal of Ecology, Vol. V, No. 1:19, 44, 1917. 
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they have been used. Not uncommonly they represent the most 
serious destruction of the plant cover that can occur on the range. 

In order to determine what plant species characteristically colo- 
nize heavily on long-used driveways and bed grounds, taking into 
account the rate at which such areas may revegetate under different 
methods of management, a number of small sample plots were care- 
fully selected for special study. Some of the selected plots have been 
protected from live stock by fencing; others received no protection 
and were subject to normal seasonal grazing. 

STOCK DRIVEWAYS. 

A generalized sketch of the vegetation and other features on a 
portion of the driveway selected for special study is shown in 
figure 22.4 

While a few grasses have gained a foothold on this driveway, the 
ground cover is quite open and composed chiefly of a mixed stand 
of weeds, characteristic of the first and the second weed stage. Listed 
in the order of their abundance, it will be noted that Douglas knot- 
weed, slender-leaved collomia, and tansy mustard constitute the domi- 
nant early-weed species on this portion of the driveway, as indeed 
they do on the driveway as a whole; tongue-leaved violet, dan- 
delion, and low larkspur constitute the predominating late-weed- 
stage plants. Other typical species of the late-weed stage are chick- 
weed, evening primrose, low pea vine, meadow rue, and plantain. 
The more persistent species, blue foxglove and sweet sage, have 

gained a foothold, but apparently conditions do not yet favor rapid 
colonization of these plants. In 1917 the vegetative blocks represent- 
ing the unprotected driveway had a density of stand of about 0.15.? 
The protected area when fenced in 1915 was identical as to species 
and density with that of the outside range, but in 1917 supported a 
cover of approximately 0.2. This shght increment in the stand over 
that on the adjacent unprotected range is composed of annual and 
perennial weed species in equal proportions. 
Much the same vegetative development occurs on another pro- 

tected plot, a bisect detail of which is shown in Figure 23.3 Of the 

1The area here sketched had been so severely overgrazed at the time the lands were 

included within the National Forest in 1905 that practically every vestige of the herba- 

ceous perennial vegetation had been destroyed. During the past 12 years the area has 

been grazed in moderation, during the main growing season, by cattle, sheep, and horses. 

In listing the plants it was the aim to record the species that occurred in each vegeta- 

tional unit but not every individual. ~The relative density of the respective blocks, how- 

ever, is shown. 

2Density measurement is on the basis of ten-tenths for full cover. 
8It is noteworthy that of the eight species that occur in the bisect all are typical 

either of the first or of the second weed stage, a facet which strongly substantiates the con- 

clusion that their increase in abundance on a range in a higher stage of development 

would announce the waning of the higher type. 
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perennial plants on both of these protected plots, low larkspur has 
increased proportionately much more rapidly than any other; on the 
outside range the colonization of the low larkspur has been only 
moderately rapid and in proportion to that of other perennial plants. 

This difference in aggressiveness of larkspur is accounted for by 
the fact that the unprotected range is grazed by sheep prior to seed 
maturity.t As larkspur is fairly palatable to sheep, only a small pro- 

Shoe Sea 

ao 

B—Large mountain brome grass (Bromus 

marginatus). 

C—Slender-leayed collomia (Collomia lin- 

earis). 

D—Low larkspur (Delphinium menziesii). 

E—Sweet sage (Artemisia discolor). 

I'—Spiked fescue (Festuca confines). 

L—Low pea vine (Lathyrus leucanthus). 

La—HEvening primrose (Lavauria flava). 

—Chickweed (Alsine jamesiana). 

—— X— XK — Fence. 

S—Tansy mustard (Sophia incisa). 

microbot- (Sambucus 

rys). 
T—Dandelion (Leontodon tararacum). 

Th—Meadow rue (Thalictrum fendleri). 

V—Tongue-leayed violet (Viola linguae- 

folia). 

X—Douglas knotweed (Polygonum doug- 

lasii). 

Y—Plantain (Plantago tweedy). 

Dry gully. 

P—Blue foxglove (Pentstemon procerus). 

Fie. 22.—Character of vegetation on a formerly depleted stock driveway in process of 

recuperation. 

portion of the seed crop is matured on the open range, whereas maxi- 
mum seed production is secured on the protected area. Being small, 
comparatively heavy, and without special contrivances favoring dis- 
tribution by wind or attachment, the seeds drop near the parent plant, 
where they give rise to new individuals. 

Like certain other species previously discussed, low larkspur Holds 
a more or less conspicuous place in the development of the vegetation 

+ Most larkspurs are grazed with moderate relish by sheep, and, so far as known, with- 

eut serious results. 
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from the time of the waning of the early-weed stage to the passing of 
the late-weed stage; therefore, on the higher ecological types, an in- 
crease in the abundance of larkspur may be declared a reliable 
indicator of overgrazing. 

Generally low larkspur is most conspicuous early in the develop- 
ment of the second-weed stage. Accordingly, on cattle range the 
heaviest losses from poisoning by low larkspur are apt to occur where 
the lands have been depleted so seriously that the vegetation is in the 
second-weed stage or in the first and second mixed-weed stage. 

BED GROUNDS. 

Although some variation is found in the vegetation of different 
bed grounds and adjacent lands of the region, depending chiefly on 
the character of the soil and the topographic features, the predomi- 
nating species are generally the same where the extent of the deple- 

tion of the soil is the same. . 
On long-used bed grounds, where the adjacent cover is more or 

less intact, various distinct vegetative stages may commonly be dis- 
tinguished, radiating from the bed ground proper. This is exemph- 
fied in the bed ground shown in figure 24.1 

The main part of the bed ground (zone 1) is practically circular 
and covers 22 acres. Owing to the heavy use made of the bed ground 
each year, not a vestige of the original wheat-grass vegetation re- 
mains; indeed, even the most aggressive annual plants are for the 
most part lacking. 
Adjacent to the bed ground proper is an irregular zone of about 85 

acres. Here the colonization is composed solely of plants of the first 
or early weed stage. The plants are widely scattered (the density be- 
ing estimated at 0.05 on a basis of ten-tenths representing full cover) 
and are distinctly lacking in luxuriance of growth. The species pre- 
dominating in 1917, named in the order of abundance, were Douglas 
knotweed, Tolmie’s orthocarpus, tansy mustard, tarweed, goosefoot, 
and androsace. Much less conspicuous were the following species: 
knotweed (Polygonum aviculare), monolepis, peppergrass, and 
slender-leaved collomia.? As already indicated, this type of cover 
afforded practically no grazing for any class of stock. 

Zone 3 comprises approximately 215 acres, and consists of a weed 
cover of the early and late stages, with the early-stage species dis- 
tinctly predominating. An occasional grass specimen is also seen. 
Here the density of the cover is estimated at 0.15, or three times that 
of the pure early-weed stage adjacent to the bed ground. The pre- 

1 The bed ground here represented has been used annually for several successive years 

by a band of about 1,400 ewes and their lambs. As a rule, the forage cropped in con- 

junction with the use of this camp has been grazed during the main growing season, 

2 Slender-ieaved collomia is often among the first to colonize abandoned bed grounds and 

sometimes is a predominating species. 
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A, Yarrow (Achillea tanutosa). Go, Slender-leaved collomia (Collomia linearis). Pg, Knotweed (Polygonum aviculare). So, Tansy mustard (Sophia incisa). 
Ar, Sweet sage (Artemisia discolor). , Low larkspur (Deipnunue menziesii) . PL Plantain (Plantago tweedyi). , V, Tongle-leavyed violet (Viola linguaefolia). 

112655°-19. (To follow page 57.) Tic, 23. Sheep driveway used annually until 1915, when protection plot was established showing character of vegetation in 1917. 
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The fourth zone, a mixed cover of perennial grasses and weeds, 
comprises an area of approximately 350 acres. The density of this 
stand is 0.4. The cover as a whole is dominated by plants of the 
second-weed stage, notably sweet sage and yarrow, though here 
and there the fescues and the brome grasses have gained dominion 
over the soil. A few well-defined areas of from a few to many acres 
are dominated by small mountain porcupine grass and yellow brush. 
When the density of the cover is considered, this belt affords fairly 
good feed for sheep; it can not be cropped advantageously by cattle 
and horses. 

The fifth type, composed essentially of a grass cover and an oc- 
casional clump of mountain elder, has a density of 0.7. Slender 
wheat grass and blue bunch wheat grass are the predominating species, 
while small.mountain porcupine grass, several species of the blue 
grasses, and a few specimens of fescue and of brome grasses occur in 
varying abundance. In adition, there is a scattered stand of late- 
weed-stage -species, of which sweet sage and yarrow are the most 
abundant. This type affords good feed for all classes of stock; and 
the highest grazing efficiency on it may be expected from ction 

use; that is, the grazing both of cattle and sheep. 
From ihe viewpoint oe forage production alone, the data pertain- 

ing to the use year after year of this established ia ground show :* 
(1) There is practically a total sacrifice of 107 acres, composing 
zones 1 and 2, which formerly supported at least a 0.7 cover of the 
choicest of feed—an area large enough to support about 65 sheep, or 
16 cows, per summer season of 100 days; (2) there is a belt of 215 
acres which, assuming that half of the present vegetation is palatable 
to stock, may now carry 16 sheep or 4 cows, but formerly would have 
taken care of 130 sheep, or about 32 cows; (3) there is a zone of 350 
acres which, assuming that three-fourths of the cover is palatable, 
may now carry 105 sheep or 26 cows, but formerly would have sup- 
ported approximately 210 sheep or 52 cows. In other words, if the 
range had been used under the bedding-out system, and the lands 
maintained properly, the data indicate that no less than 280 more 
sheep, or 70 more cattle, could now be taken care of on this part of the 
allotment alone. Assuming that there are other similar destructively 
used bed grounds on the allotment, it is evident that its present car- 

1In calculating the carrying capacity of the vegetative belts, it is assumed that the 
entire area originally had a cover similar in density to that of the contiguous perennial 

grass range at the present time. The writer believes this assumption to be conservative, 

if not too low, in view of the fact that the soil is deep throughout. Sheep would not 

completely utilize the former wheat-grass cover with its small amount of weed forage. 

Cattle, on the other hand, would use little of the weeds. For this reason a deduction oi 

about 14 per cent is made for wastage in utilization of the original cover to be con- 

sistent with the deductions for low palatability in the present cover. Since the former 

wheat-grass cover was undoubtedly much denser prior to the establishment of the bed 

ground than the present wheat-grass cover on certain portions, no deductions are made 

for waste of forage in calculating the former carrying capacity of the area, 
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VY, Tongue-leaved violet (Viola linguaefolia). 

Vic. 25.—Old denuded bed ground abandoned in 1912, showing character of vegetation in 1917, 
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rying capacity is far below normal because of the use of established 
bed grounds. 

Contrary to the consensus of opinion among stockmen and others, 
the reduction in the forage crop on bed grounds can not be classed as 
temporary. The belief prevails that the large amount of fertilizer 
contained in the soil on the main part of a bed ground, and on the 
lands adjacent thereto, will favor the most rapid and thorough re- 

vegetation. Experimentation does not substantiate this opinion. 
In the plot shown in figure 251 after 5 years of protection against 

grazing, only a sparse stand of vegetation had gained a foothold, the 

cover being composed chiefly of species of the early-weed stage 
which are distinctly transitory, notably Douglas knotweed, goosefoot 
or lamb’s-quarters, and tansy mustard, in addition to a few species 
which have been shown to be forerunners of the more permanent 
second-stage cover. In addition, the average height of the different 
species, as well: as the depth of their root systems, was considerably 
less than over the range generally. This delayed colonization is 
accounted for by the physical rather than by the chemical condi- 
tion of the soil. To be sure, the abnormally large amount of avail- 
able nitrogen and other salts in the soil on bed grounds has a ten- 
dency to promote the height growth of the plant somewhat at the 
expense of seed production; but since a large amount of seed is de- 
posited annually on the bed ground, it is not probable that the organic 
deposits in the soil have any appreciable effect on the rate of the 
invasion or the extent of the establishment of the vegetation. It | 
is well known, on the other hand, that the soil on bed grounds is 
packed exceedingly hard. So firmly packed is the surface on long- 
used bed grounds that nearly all the superficial seed either fails to 
germinate or the seedling dies as soon as the food stored in the seed 
is exhausted. As a rule, the radicle of the germinating seed fails 
to extend itself into the soil to a depth great enough to reach adequate 
available moisture. Containing, as the local soil does, a large per- 
centage of clay, the trampling, especially in wet weather, tends to 
produce the single-grain soil structure, which is most unfavorable 
to establishment and growth of vegetation. 

SUCCESSION ON MODERATELY DEPLETED RANGE GRAZED AN- 
NUALLY PRIOR TO SEED MATURITY COMPARED WITH SUC- 
CESSION ON SIMILAR RANGE PROTECTED YEARLONG. 

In certain stages of premature grazing or overstocking, the more 
hardy and persistent perennial plants may become so weakened that 
all reproduction is temporarily arrested. Long before this condi- 

1The plot of which figure 25 is typical was fenced against grazing in 1912, prior to 

which it had been heavily used as a bed ground for several successive years. The bisect 

here shown traverses the plot and represents a strip 3 inches wide and 16 feet long. 
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tion has manifested itself, however, the less hardy palatable plants 
have been killed. In such serious instances of physiological weak- 
ness, the aerial development of the remaining vegetation is often 
well-nigh lacking; yet the buds at the crowns of the plants, as well 
as a considerable portion of the root systems, may survive. So long 
as the factor disturbing the physiological balance of the vegetation 
persists, most of the buds at the plant’s crown remain dormant, only 
an occasional aerial shoot being produced to elaborate food and 
nourish the plant. Where a considerable portion of the vegetation 
is alive, yearlong protection, or grazing after seed maturity, will 
greatly promote revegetation. In figure 26 is indicated the effect of 
protecting yearlong a moderately depleted range. The unprotected 
area represented has been grazed moderately by sheep and cattle 
before seed maturity each year during the period of the test, and 
corresponds to the grazing practice in vogue prior to the experiment. 
When the protected areas shown in the figure were fenced in 1913, 
the vegetation appeared identical with that outside in character, 

density, and vigor.t. The difference in 1917 in these particulars is 
summarized in Table 7. 

lord 
TABLE 7.—Comparative height and density of vegetation on plot protected from 

grazing for five successive years and on unprotected adjacent range grazed 
annually by sheep, usually well in advance of seed maturity? 

Relative height (physiological 
Density per square foot. index) 

Plant. 

terted |CM PCD | “Gitter- | tected | OPC" | differ 

Yarrow (Archillea tanulosa).......---.---- 
Slender wheat grass (Agropyron tencrum) . 
Androsace (A ndrosace diffusa)....-.------- 
Sweet sage (Artemisia discolor)......------ 
Aster (A ster frondeus) ...-.----+-+- 
Tall larkspur (Delphiniwm barbeyi).....--- 
Low pea vine (Lathyrus leucanthus)......- 
Evening primrose (Zavauxia flava)....-.-- 
Douglas knotweed (Polygonum douglasiz). - 
Plantain (Plantago iweedyi)....----------- 
Tansy mustard (Sophia incisa).....------- 
Small mountain porcupine grass (Stipa 

INUMWOT) oh Dee Ee See ee eee okis cae e 
Dandelion (Leontodon tararacum) ...---.-- 
Meadow rue ( Thalictrum fendleri)..-.-.---- 
Spiked trisetum ( Trisetum spicatum).....- 
‘Tongue-leaved violet ( Viola aanaeone 

1 The figures here given were compiled from a bisect 16 feet long and 1 inch wide'and outside of the pro- 
tection plot. Owing to the unwieldiness of such a sketch, only half ofits length is shown in figure 26, 

2 Indicates more individuals per square foot on the unprotected range than on the protected range. 

In the density of the vegetation per square foot, the difference in 
the percentage figures for the highly palatable perennial plants is 

1 Comparative average height growth of the different species on the fenced and un- 

fenced areas is here used as an index of physiological vigor, of which it is believed to be 

a reliable criterion. 
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distinctly in favor of the protected plot. Thus, for stance, yarrow 
shows a difference of 88 per cent in favor of the protected plot; 

slender wheat grass, 12-per cent; sweet sage, 100 per cent; small 
mountain porcupine grass, 63 per cent; and dandelion, 51 per cent. 
In four species the greatest density occurs on the unprotected area. 
In the case of at least. one plant, tall larkspur, the result is apparently 
accidental, as the plants concerned are old and thoroughly estab- 
lished, so that it is not probable that they have invaded the area 
since the establishment of the plot. Two of the species, plantain 
and tansy mustard, rapidly colonize the more exposed soils, so that 
their greater rate of increment on the outside range, as compared 
with that on the better vegetated protected area, is not alogether 
surprising. 

The contrast in the relative height growth of the different species 

is strikingly in favor of the protected area, the percentages being 

greater in all but one. instance. The exception is meadow rue, a 
plant which locally is grazed practically not at all, hence is as vigor- 
ous physiologically on the unprotected area as on the protected plot. 
Careful analysis of the data as to relative height shows that the per- 
centage difference is roughly in proportion to the palatability of the 
plant, as would be expected. According to observations, the differ- 
ence in height growth corresponds in general to the difference in seed 

production, the larger seed crop being produced on the protected 
area. This physiological response, as a result of complete rest of a 
cover weakened by injudicious grazing, is identical with the vigorous 
response of a similarly weakened vegetation when the deferred and 
rotation system of grazing 1s applied.t In either treatment prac- 
tically complete physiological recovery results in about three years. 

1 Where a good deal of the original forage cover has been destroyed and the remaining 

plants weakened from overstocking or too early grazing, the deferred and rotation grazing 

system, if strictly applied, will soon result in revegetation. . 

In applying the deferred system of grazing, such portion of the range as is consistent 

with the welfare of the range as a whole is reserved for cropping until after the ma- 

turity of the seed of the main forage species. Upon the maturity of the seed, the range 

is grazed closely, but not destructively, by the stock allotted to the lands. The follow- 

ing year, owing to the large proportion of seedlings destroyed, especially on areas grazed 

early in the season, the forage is not to be cropped until another season’s seed has been 

produced. If, after the productien of two seed crops of the choice native forage species, 

an ample number of seedling plants have been established, a second area in need of seed- 

ing is selected, and the tract upon which grazing was previously deferred is then grazed 

before seed maturity. This same plan is continued season after season, alternating the 

deferred grazing first on the one area and then on another, until the entire range has 

rejuvenated. After the vegetative cover has been established, however, the deferred graz- 

ing is alternated or rotated from one portion of the range to another in order to permit 

the formation and distribution of an occasional seed crop by means of which the old plants 
may be replaced. In this way the range is brought back and maintained in its maximum 

state of productivity without the loss of a season’s forage crop during the period re- 

quired for revegetation. For full discussion of this subject see: Sampson, Arthur W., 

“ Natural Revegetation of Range Lands Based upon Growth Requirements and Life His- 

tory of the Vegetation.” Jour. Agri. Research, vol. 3, No. 2, 1914. Sampson, Arthur W., 

“Range Improvement by Deferred and Rotation Grazing.” U. S. Dept. of Agr. Bul. No. 

34, 1913. 
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Owing to the stock working the seed into the ground as the ma- 
ture herbage is grazed, better reproduction from seed is procured on 
the area upon which the grazing is deferred than on that protected 
from grazing yearlong. The vegetative reproduction, on the other 
hand, is the same in the case of either treatment. 

Obviously, the increase in density that occurred on the protected 
area here shown can not be termed true succession. A large number 
of running rootstocks of such plants as yarrow, sweet sage, low 

pea vine, and the like, as well as the weakened inconspicuous tufts 
of the grasses, existed before the stock was excluded, and the shoots 
began to appear as soon as sufficient food had been elaborated to 
stimulate the buds to growth. Therefore, the practice of protecting 
the lands from stock throughout the year will result in quite as 
rapid revegetation by vegetative means as will deferred grazing. 
Reproduction from seed, especially in large-seeded species, however, 
is much more vigorous on areas where the grazing is deferred until 
the seed crop has ripened. Hence deferred grazing has all of the | 
advantages of total protection and none of the disadvantages, such, 

for example, as low or negative. reproduction from seed, and waste 
of forage during the period required for revegetation. 

JUDICIOUS GRAZING. 

In any well-planned method of grazing designed to handl2 the 
lands as permanent grazing areas, two objects must be kept in mind. 
One is the cropping of the herbage at a time in the season when 
growth and reproduction will be interfered with as little as possible. 
The other is the utilization of the forage crop when it is most needed 
and when the herbage is palatable and nutritious. 

At first thought it would appear that the requirements of the 

vegetation and the requirements of the stock are rather antagonistic, 
but if proper precautions are taken, this need not be the case. Few 
plants, even when grazed closely, are appreciably weakened by being 
erazed early in the season, let us say once in 3 or 4 years. Repeated 
close early grazing, on the other hand, soon destroys the cover. 
Through the application of the deferred-and-rotation grazing system, 
which provides for the cropping of a portion of the range early in the 
season only every third or fourth year, the vegetation will retain its 
vitality almost as well as when not utilized at all, provided, of 
course, that the number of stock carried is correctly estimated. 
Hence judicious grazing on a well-vegetated area disturbs the cover 
only to a slight extent. 

1 Early grazing may be defined as cropping of the herbage between the time that the 

flower stalk is “in the beot”’ or sheath, that is, on the verge of appearing, and the time 

of completion of the fertilization of the flowers, approximately between 2 and 4 weeks 

after growth has begun. 

ee ee ee 
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SUMMARY OF THE EFFECT OF GRAZING ON PLANT SUCCESSION 
ON THE RANGE. 

Grazing may cause either progressive or retrogressive succession, 
depending chiefiy upon the closeness with which the herbage is 
grazed annually and the time when it is cropped. If the forage crop 
is grazed closely before seed maturity each year, the general trend 
of the succesion will be retrogressive; if, on the other hand, the crop 
is maintained in a high state of vigor at all times and then grazed 
after seed maturity every third or fourth year or so, the succession 

will be progressive, or, if there is virtually a full ground cover, a 
maximum density will be maintained. Premature and too close graz- 
ing not only favor retrogressive succession and ultimately the de- 
struction of the vegetative cover, but also tend to impair the fertility 
of the soil through the devastating effect of erosion. The seriousness 
of the depletion of the soil, provided the lands are judiciously man- 
aged, will determine chiefly the time required for thorough revegeta- 

tion. Therefore, the longer retrogressive succession is permitted to 
operate the longer will be the time required for the reestablishment 
of the forage cover. The final outcome of vegetative degeneration 
and erosion is the translocation of the entire soil formation and the 
exposure of the underlying rocks. As a rule, however, only the rich 
surface layer of soil is removed, a condition which favors the im- 
mediate establishment of a cover of the first-weed-stage plants. 

The continued hard use of established live-stock driveways and 
bed grounds favors the destruction of the more stable type of vegeta- 
tion and the establishment of plants of the early and late weed 
stages. These species afford highly reliable indicators of overgraz- 
ing and thus show clearly what lands are being depleted or soon will 
be in an inferior state of productivity provided the disturbing factor 
is not corrected. Obviously, therefore, the use of established drive- 
ways and bed grounds, especially the latter, tends greatly to decrease 
the carrying capacity of the lands. 

Owing to the hard packing of the soil, these much trampled areas 
revegetate slowly. The succession on bed grounds, for instance, is 
similar to that on depleted lands, the revegetation beginning with 
the early-weed stage and progressing through the intermediate covers 
to the subclimax. 

In the way of revegetation, it is evident that yearlong protection 

of bed grounds and other depleted lands from live stock tends to 
hasten vegetative or asexual reproduction no more than when the 
grazing is deferred until after seed maturity. Deferred grazing, on 
the other hand, has the additional distinct advantage over yearlong 
protection of permitting the forage crop to be grazed during the re- 
stocking period, and of procuring a maximum stand of seedling 

112655°—Bull. 791—19 5 
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plants as a result of the animals planting the seed as they graze: 
Accordingly, progressive succession is especially active where the 
deferred-and-rotation grazing system is strictly applied. 

GENERAL SUMMARY. 

1. The carrying capacity of a large portion of the millions of 
acres of western ranges has been materially decreased as a result of 

too early grazing, overstocking, and other faulty management. One 
of the most serious handicaps has been lack of means of recognizing 
overgrazing in its early or incipient stages, which has carried with it 
inability to correct the factor causing the damage before the carry- 
ing capacity of the range was more or less seriously depleted. 

2. In deciding upon the lands especially in need of improvement in 
the past, stockmen and forest officers regulating grazing have relied 
chiefly upon the general abundance and luxuriance of the forage 
supply and upon the condition of the stock grazed. By these general 
observations, however, it is not possible to recognize overgrazing 
before a large proportion of the plants have been killed. ; 

3. The most rational and reliable way of recognizing the incipient 
destruction of the forage supply is to note the replacement of one 
type of plant cover by another, a phenomenon which is usually much 
in evidence on lands used for the grazing of live stock. 

4, In tracing the succession of plant life from the consolidated 
rock to a well-disintegrated, fertile soil several fairly distinct cover 

stages are recognized. These stages may be grouped as follows: 
(1) The alge-lichen type, the pioneer stage; (2) the lichen-moss type 
with its sparse stand of annual herbs, the transition stage; (3) the 
ruderal-weed type or cover of annual plants with a scattered stand of 

short-lived perennials, the first-weed stage; (4) perennial herbs, 
chiefly weeds, the second-weed stage; and (5) the long-lived peren- 
nial grasses, Known as the subclimax, or under some conditions, the 
climax type. 

5. In order to observe the principles of succession in the building 
up as well as in the deterioration of the range, special studies were 
initiated on the high summer range of the Wasatch Mountains in 
central Utah. After a careful survey of the vegetation, four major 
consociations were recognized, namely, the wheat-grass, the porcu- 
pine-grass-yellow-brush, the foxglove-sweet-sage-yarrow, and the 
ruderal-early-weed. 

THE WHEAT-GRASS CONSCCIATION. 

6. The wheat-grass consociation is the subclimax or highest forage 
type successionally. The turfed wheat-grass cover binds the soil so 

firmly as largely to prevent the invasion and establishment of other 
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plants. The bunched wheat-grass areas, on the other hand, are 
seldom pure in stand, and plants other than grasses usually occupy 
the soil space between the tufts. The nongrasses occur in varying 
density, depending chiefly upon the available soil water content. 

7. The root-absorbing surface of the densely turfed wheat 
grasses is relatively superficial, the greater proportion of the roots 
being confined to the upper 8 inches of soil. The rocts of the 
bunched species typically extend to a depth of 3 feet or more, hence 
their moisture supply is largely gathered well below the depth at 
which the turfed species obtain theirs. 

8. Precipitation percolates so slowly through the matlike surface 
of the turied wheat-grass area that only a small portion of the rain- 
fall, especially that which comes during the growing season, pene- 
trates beyond the lower depths of the sod. Accordingly, other plants, 
especially deep-rooted species, fail to become established in competi- 
tion with the turfed wheat grasses. 

9. Precipitation percolates deeply on the rather exposed soils of the 
bunch-grass areas, and as a consequence both deep-rooted and shal- 
low-rooted species, chiefly other than grasses, are commonly found on 
bunch wheat-grass areas. 
11. When a stand of bunch wheat grass is opened up there is an 
some similar factor but not so as seriously to decrease the fertility 
of the soil, the precipitation naturally percolates to a much greater 
depth than where the turf remains intact. There follows an invasion 
of certain deep-rooted species, the most typical and persistent of 
which is yellow brush (Chrysothamnus lanceolatus). As the wheat- 
grass cover closes in about the yellow-brush plants, however, regard- 
less of their luxuriance of growth and root development, they are 
killed. This is due to the desiccation of the soil below the shallow 
roots of the grass. 

11. When a stand of bunch wheat-grass is opened up there is an 
increase in the density of other plant species. This secondary cover 
is rather transitory both as to species and density. 

12. In terms of the amount of dry matter produced per unit of 
surface, the turfed wheat-grass areas rank first, but owing to small 
wheat grass (Agropyron dasystachyum), the most conspicuous turfed 
species, maturing somewhat earlier than the bunch grasses and at 
the same time becoming less palatable when mature than the bunch 
grasses, the turfed wheat-grass areas afford little, if any, more forage 
than do the bunched wheat-grass areas. 

13. The wheat-grass type is the most permanent of any and with- 
stands heavy grazing better than any other. Since the turfed 
wheat grasses typically form a pure stand, this type of vegetation is 
better suited for cattle and horses than for sheep. The virgin bunch- 
grass lands, with their “ combination” or mixed forage cover, while 
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probably more fully utilized by cattle and horses than by sheep, 
are better suited for the grazing of sheep than the turfed wheat-grass 
areas. The grazing both of cattle and sheep on the bunch-grass lands, 
as well as on the opened-up stands of the turfed areas, insures the 
maximum economic use of the entire forage crop. 

THE PORCUPINE-GRASS-YELLOW-BRUSH CONSOCIATION. 

14. The small-mountain-porcupine-grass and yellow-brush cover is 
the second highest and the most stable forage type. Accordingly, 
porcupine grass and yellow brush are among the first perennial plants 
to occupy wheat-grass areas where unfavorable conditions have killed 
out the wheat-grass cover but where the soil has not been depleted 
so much as to favor the establishment of a pure or predominating 
weed type. 

15. Because of the exposure of a considerable portion of the soil 
surface, precipitation readily percolates into the soil, reaching to or 
beyond a depth. corresponding to the lower extension of the deep- 
rooted species. Accordingly, an admixture of shallow-rooted and 
deep-rooted species is characteristic of this consociation. The water- 
holding capacity of the soil, particularly the upper foot or so, is less 
in this than in the wheat-grass cover. 

16. In the higher development of the porcupine-grass and yellow- 

brush cover a scattered stand of wheat grasses, and usually a con- 
spicuous presence of blue grasses, and not uncommonly of fescues, is 
characteristic, though these plants are never dominant. In the lower 
or earlier development, the brome grasses, and not uncommonly the 
fescues, in association with numerous nongrasslike perennials, are 
conspicuous. The higher development is further characterized by 
fewer weed or nongrasslike species than the lower development. 

17. Small mountain porcupine grass, like the majority of the 
lue grasses and fescues, obtains its moisture supply chiefly from the 

first foot of soil. Yellow brush and other deep-rooted species, such 
as loco and wild bean, extend their roots about three or four times 
as deep. Many plants are present whose root systems are inter- 
mediate in length, so that the available water supply from the sur- 

face to a depth of 3 feet or more is rather uniformly exhausted as 
the season advances. 

18. The most reliable indication of the presence of conditions ad- 
verse to the perpetuation and maintenance of the porcupine-grass- 
yellow-brush cover, including the typical associated species, is the 
replacement of one or both of the dominants by aggressive non- 
grasslike plants. Where the depletion of the soil is gradual and not 
too severe, blue foxglove, sweet sage, and yarrow are the first to gain 
dominion over the soil, the increase in these species being associated 
with an increase in brome grass, and in some cases in fescues, 
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19. A reliable indication pointing toward the maintenance, or the 
progressive development of this cover, is an increasing density and 
luxuriance of growth of certain blue grasses, and in some instances 
fescues, and a decreasing stand of the brome grasses, and under 
certain conditions of yellow brush and other deep-rooted species. 

20. With its large variety of palatable grasses and other plants 
this consociation is probably second to none in forage value, all 
classes of stock considered. 

21. In general the highest possible development of this consocia- 
tion affords the most nutritious forage cover, and will probably 
support more stock than will any other stage of plant development. 
It is a mixed grass-and-weed type, with the grasses distinctly pre- 
dominating, and the highest grazing efficiency is obtained through 
“combination” or “ common-use” grazing, that is, the grazing of 
cattle, sheep, and horses. 

THE FOXGLOVE-SWEET-SAGE-YARROW CONSOCIATION. 

22. Where conditions on the porcupine-grass-yellow-brush cover 
are such as slightly to decrease the fertility and water-holding power 
of the soil, blue foxglove, sweet sage, and yarrow, the most char- 
acteristic species of the second-weed stage, are among the first plants 
to establish themselves. Where the fertility and water absorptive 
capacity of the soil are seriously impaired, porcupine-grass-yellow- 
brush cover is succeeded by annual plants characteristic of the early 
or first weed stage. 

23. Generally the invasional activity of the succeeding late-weed- 
stage plants is most vigorous shortly after the destruction of the 
grass-brush cover. 

24, A large number of species, including some grasses, are asso- 

ciated with blue foxglove, sweet sage, and yarrow, but they seldom, 
if ever, occur as dominants. Like the dominant plants, the secondary 
species are moderately deeply rooted, the water supply being drawn 
very largely from the upper 2 feet of soil. 

25. Blue foxglove, sweet sage, and yarrow reproduce both by seed 
and by vegetative means, the latter method being so active that the 
cover characteristically forms a somewhat loose, matlike surface. 
The seed habits are only moderately strong, yet invasion is fairly 
active under favorable conditions of germination and growth. 
Seedling plants as a rule do not produce either fertile seeds, or many 
shoots from the rootstocks, until the third year of growth. 

26. Low pea vine, evening primrose, false cymopterus, Mexican 
dock, and tongue-leaved violet are the most reliable indicators of the 
waning of the more permanent and typical second-weed-stage cover. 
With the exception of pea vine the regeneration of these’ species is 
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entirely dependent upon seed. The seed crop is relatively high in 
viability. However, if the factor detrimental to progressive develop- 
ment of the vegetation is not corrected, these relatively short-lived 
perennials will sooner or later be superseded by plants of the first- 
weed stage. 

27. The profusion of weedy or nongrasslike plants and the lim- 
ited occurrence of grasses render the second-weed stage much better 
suited for sheep than for cattle and horses. 

28. The carrying capacity of the second-weed-stage type, acre 
for acre, is very much less, regardless of the class of stock grazed, 
than of the porcupine-grass-yellow-brush cover. In addition, a less 
solid fat is produced. 

29, Sheep make rapid gaims on the second-weed-stage type early in 
the season when the herbage is succulent and tender. Cattle and 
horses, on the other hand, little more than maintain their weight 
even though the lands are lightly stocked. The vegetation matures 
early, after which the leafage is largely unpalatable to stock, and 
the herbage of many species is largely lost through the destructive — 
effect of frost. Therefore the lands are of little value for grazing 
unless cropped early in the season. 

THE RUDERAL-EARLY-WEED CONSOCIATION. 

30. On lands whose soils have been so seriously impaired that 
available water is similar in amount to that held by relatively newly 
formed soils recently invaded by herbaceous plants, the vegetation 
consists essentially of annual species characteristic of the first or 
early weed stage. 

31. The most typical and abundant species of the first-weed stage 
are goosefoot or lamb’s-quarters, slender-leaved collomia, tarweed, 
Tolmie’s orthocarpus, Douglas knotweed, and tansy mustard. Nu- 
merous less abundant species are associated with these. 

32. The seed habits of ruderal-weed plants are strong, the via- 
bility of the seed crop averaging considerably higher than that of 
the perennial species. 

33. Because of the entire dependence of the plants on seed for their 
regeneration and the fact that the conditions of the season are not 

always favorable to seed production or germination, there is wider 
variation in the density of the stand of the first-weed-stage cover 
from year to year than in that of any other consociation. 

34, Owing to the low fertility of the soil characteristic of the first- 
weed stage it contains less available moisture than soil of the higher 
ecological types. This tends to hold the development of the vege- 

tation in check. At the same time plants grown on inferior soils of 
this kind require appreciably more water for the production of a 
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given unit of dry matter than those grown on more fertile soils. 
This accounts for the colonization of the badly depleted soil by 
shallow-rooted, early-maturing, annual vegetation, and the practical 

exclusion of the deeper-rooted, later-maturing, perennial species. 
35. The further depletion of the soil tends to decrease the density 

of the stand and the luxuriance of growth of the individual speci- 
mens. If the depletion is continued until the underlying rocks are 
exposed, the pioneer stage of plant lfe—alge and lichens—again 
comes into evidence. 

36. A considerable number of the ruderal-weed plants are pal- 
atable to sheep, a few are grazed by cattle, and a very few by horses. 
Douglas knotweed, the most abundant species, is fairly palatable 
to sheep, and probably furnishes as much forage as, if not more 
than all the rest of the annuals put together. The carrying capacity 
of the ruderal-weed consociation is exceedingly low, and affords 
grazing only when the herbage is green and succulent. 

3%. Because of the early-maturing qualities of the vegetation and 
the fact that the first-weed-stage cover affords poor protection of the 
watershed, only the very lightest grazing should be permitted on 
this type. The safest plan is to exclude stock until the cover has 
increased appreciably. 

THE EFFECT OF GRAZING ON RANGE PLANT SUCCESSION, 

38. Grazing may cause either progressive or retrogressive succes- 
sion, depending chiefly upon the closeness with which the herbage is 
grazed annually and the time of grazing. Grazing year after year 
before seed maturity causes retrogressive succession, while grazing 

every 3 or 4 years or so after seed maturity promotes progressive 
succession. 

39. Overgrazing year after year results not only in the destruc- 
tion of the ground cover, after which erosion is apt to occur, but 
robs the soil of its fertility and producing capacity. 

40. The rate and character of the colonization of an eroded or 
otherwise depleted area is normally determined by the degree of 
soil devastation. The longer retrogressive succession continues, 
therefore, the more serious is the depletion of the soil and the longer 
is the time required to reestablish a good ground cover. The ulti- 
mate result of continued serious erosion is the exposure of the under- 
lying rock formation. 

41. The continued use of stock driveways and bed grounds results 
practically in complete destruction of the subclimax plant cover, thus 
favoring the establishment of plants of lower successional stages. 
The species constituting the cover from time.to time afford reliable 
indicators of overgrazing and inferior states of soil productivity. 
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42. The use of established driveways and bed grounds, especially 
the latter, tends materially to decrease the carrying capacity of the 
lands. Owing to the packing of the soil by the animals, these areas 
revegetate slowly, the colonization usually starting with species of 
the early-weed stage. 

43, Yearlong protection of driveways and bed grounds, as well 
as of other sparsely vegetated lands, tends to promote a sexual re- 
production no more than deferring the grazing until after seed ma- 
turity. Deferred grazing has all the advantages of yearlong pro- 
tection and none of the disadvantages, such, for example, as low or 
negative reproduction from seed and waste of forage during the 
period required for revegetation. 

44, Judicious grazing tends to maintain a normal cover of vegeta- 
tion, while on lands where the stand is sparse, there is a tendency 
toward the promotion of an upward succession leading to the ulti- 
mate establishment of the subclimax species. Progressive succession 
is particularly active where the deferred and rotation grazing system 
is strictly applied. 

COMPARATIVE FORAGE VALUE. 

45. The grazing value of the vegetative covers is essentially de- 
termined by the stage of the succession. Locally, and indeed gen- 
erally, the carrying capacity and forage value are the highest where 
the cover represents a stage in close proximity to the herbaceous 
climax and lowest in the type most remote from the climax. 

46. The most dry matter per unit of surface is produced in the 
wheat-grass cover, but the amount is only slightly greater than in the 
mixed grass-and-weed cover of which porcupine grass and yellow 
brush are characteristic. By far the least dry matter is found on 
the ruderal-weed cover, while the amount produced on the second- 
weed-stage type averages considerably less than on the mixed grass- 
and-weed type. All classes of stock considered, the porcupine-grass- 
yellow-brush cover produces more palatable dry matter than any 
other. For horses and cattle alone, more palatable dry matter is 
produced on the wheat-grass consociation. Accordingly, virgin stands 
of wheat grass afford the highest grazing efficiency and will give the 
biggest returns when cropped by cattle or by cattle and horses; the 
mixed grass-and-weed type when utilized by cattle, horses, and 
sheep; and the weed type, if composed either of plants of the first 
or of the second weed stage, when utilized by sheep alone. Except 
in practically a pure-weed type or a pure-grass type, the common use 
of the lands by the various grazing animals is generally justified. 
As a rule, when the most stable grass type is cropped by cattle and 
horses alone, it is soon’sufficiently opened up to permit the establish- 
ment of at least a moderate proportion of weed plants, most of which 
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are highly palatable to sheep but which may be grazed little or not 
at all by cattle and horses. Likewise a weed cover grazed exclusively 
by sheep will sooner or later change to the grass stage. 

INDICATORS AND THEIR USE. 

The data in this bulletin justify the conclusion that the character 
of the native vegetation can be used as a reliable indicator of the 
condition of the range and of the effect of a given method of grazing 
on the plant cover. 

The plant indicators signifying the waning of the wheat-grass 
cover are essentially porcupine grass and yellow brush; the retro- 
gression of the porcupine-grass-yellow-brush cover is indicated by 
species of the second-weed stage of which blue foxglove, sweet sage, 
and yarrow are the most characteristic; the giving way of the second- 
weed-stage cover, here recognized by blue foxglove, sweet sage, and 
yarrow, is indicated by the appearance of low pea vine, evening prim- 
rose, false cymopterus, Mexican dock, and tongue-leaved violet, in 
addition to several species of first-weed-stage plants of which goose- 
foot, slender-leaved collomia, tarweed, Tolmie’s orthocarpus, and 
Douglas knotweed are typical; and the recession or destruction of 
the first or early weed stage is marked, first, by the thinning out and 
decrease in the luxuriance of growth of the annual species, and, 
witimately, by the erosion of the soil to the extent of exposing the 
underlying rock and destroying the holdfast for herbaceous vege- 
tation, thus favoring the reappearance of lichens and alge of the 
initial or pioneer stage. 

APPLICATION OF PLANT SUCCESSION TO RANGE MANAGEMENT. 

The species that are increasing appreciably on the range invariably 
reveal one of two stories. If the invading plants are lower in the 
succession than the predominating vegetation, the range is being 
utilized unwisely in one or more respects. If the incoming vegetation 
is somewhat higher successionally than the type as a whole, improve- 
ment under the management in vogue is sure to follow. Where the 
negative indicators are crowding out the more permanent and de- 

sirable species, remedial measures should be adopted with a mini- 
mum loss of time. 

Since, as pointed out, range depletion is due chiefly to too early 
cropping or to overgrazing, the application of the deferred-and-rota- 
tion grazing system, coupled with a correct estimate of the carrying 
capacity of the range, may be relied upon fully to revegetate the 
lands where enough plants of desirable species are found for seed 
production. Areas in the first-weed stage, in the absence of desirable 
forage plants, should not be included in the general plan of deferred 
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grazing. Ranges that have been so destructively used as to support 
chiefly annual vegetation, can not be grazed without further dete- 
rioration. Such areas should be entirely closed to stock until the 
cover is clearly composed of plants of the second-weed stage. Strict 
application of the deferred grazing system should be applied on areas 
in the second-weed stage and the practice should be continued until 
the porcupine-grass-yellow-brush consociation has attained its maxi- 
mum productivity. After that the deferred grazing plan should be 
rotated so that each part of the allotment is grazed after seed ma- 
turity at least once every 4 or 5 years. In general, there is little or 
no justification for handling the lands so as to maintain a more or 

less pure wheat-grass cover. If a good forage crop is to be main- 
tained, however, the practice of using established bed grounds, of too 
close herding, the excessive use of dogs, and other practices which 
tend to destroy the vegetation must be avoided as far as possible. 

In using the plant indicators as a guide to determine whether or 
not the range is in need of a change in the management it is well to 
adopt some definite means of ascertaining the changes that are taking 
place in the plant cover. While carefully selected plots, the vegeta- 
tion of which is accurately mapped, are desirable, a careful systematic 
ocular estimate of the composition and density of the vegetation will 
suffice in practice. This can be made in various ways. A reliable 
method, however, is to select carefully some four or five typical areas 
over the allotment and lay out a plot, let us say, of 2 square rods on 
each area. After securely staking and tying in the plot to insure its 
relocation in future, list the chief indicator species as well as the 
most important forage plants, either the local or Latin name being 
used, and estimate closely the comparative density of each. Greater 
accuracy both in listing and in estimating comparative density is se- 
cured by running a cord around the corner stakes of the plot and 
across the plot where the vegetation is dense or forms a rank 
erowth. The value of this work is greatly enhanced by collecting and 
preparing for the herbarium the main indicator and forage species 
found on the selected area, and by procuring good photographs show- 
ing the character and density of the vegetation additional features 
of high value may be shown.* 

The plants here listed as indicators of range conditions are not 
necessarily the same as those of other regions in the West. Asa rule 
the same genera will be represented, but in many instances the species 
will be different. As pointed out, reliable indicators of the more seri- 
ous stages of overgrazing of any region may be determined by study- 

1Jn photographing plots it should be the aim to locate, by means of permanently 

established stakes, the exact place and angle where the original view is procured. Sub- 

sequent photographs may then be taken showing the progressive development of the 

vegetation over the same surface. 
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ing the plants that characteristically occur on and about bed grounds, 
on trails, and on other badly depleted areas. 

The following list gives the most typical primary and secondary 
species of the respective covers. 

Wheat-grass cover (subclimax type) : 

Primary species— 

Small wheat grass (Agropyron dasystachyum.) 

Blue bunch wheat grass (Agropyron spicatum). 

Slender wheat grass (Agropyron tenerum). 

Secondary species— 

Violet wheat grass (Agropyron violaceum). 

Porecupine-grass-yellow-brush cover (mixed grass-and-weed type) : 

Primary species— 

Small mountain porcupine grass (Stipa minor). 

Yellow brush (Chrysothamnus laneceolatus). 

Secondary species— 

Blue foxglove (Pentstemon procerus). 

Geum (Geum oregonense). 

June grass (Koeleria cristata). 

Large mountain brome grass (Bromus marginatus). 

Little blue grass (Poa sandbergii). 

Low loco (Astragalus decumbens). 

Nevada blue grass (Poa nevadensis). 

Porter’s brome grass (Bromus porteri). 

Single-flowered helianthella (Helianthella uniflora). 

Spiked fescue (Festuca conjinis). 

Spiked trisetum (Trisetum spicatum). 

Sweet sage (Artemisia discolor). 

Western fescue (Festuca occidentalis). 

Wild bean (Lupinus alpestris). 

Yarrow (Achillea, lanulosa). 

Foxglove- sweet-sage-yarrow cover (second-weed stage): 

Primary species— 

Blue foxglove (Pentstemon procerus). 

Sweet sage (Artemisia discolor). 

Yarrow (Achillea lanulosa). 

Secondary species— 

Aster (Aster frondeus). 

Butterweed (Senecio columbiana). 

Cinquefoil (Potentilla filipes). — 
Evening primrose (Lavausxia flava). 

Faise eymopterus (Pseudocymopterus tidestromit). 

False Solomon’s seal (Vagnera stellata). 

Geranium (Geranium viscossissimum). 

Horsemint (Agastache urticifolia). 

Large mountain brome grass (Bromus marginatus). 

Low larkspur (Delphinium menziesii). 

Low pea vine (Lathyrus leucanthus). 

Mexican dock (Rumex mexicanus). 

Mountain dandelion (Crepis acuminata). 

Porter’s brome grass (Bromus porteri). 

Onion grass (J/elica bulbosa). 
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Rubberweed (Hymenozrys floribunda). 

Sampson’s mertensia (Jlertensia sampsonit). 

Seribner’s wheat grass (Agropyron scribneri). 

Snowy onion grass (Melica speciabilis). 

Sneezeweed (Helenium hoopesit). 

Tongue-leaved violet (Viola linguaecfolia), 

Ruderal-early-weed cover (first-weed stage) : 

Primary species— 

Douglas knotweed (Polygonwm douglasii). 

Goosefoot or lamb’s-quarters (Chenopodium album). 

Slender-leaved collomia (Collomia linearis). 

Tarweed (lJladia glomerata). 

Tansy mustard (Sophia incisa). 

Tolmie’s orthocarpus (Orthocarpus tolmici). 

Secondary species— 

Androsace (Androsace diffusa). 

Gilia (Gilia mierantha). 

Knotweed (Polygonum aviculare). 

Monolepis (J/onolepis nuttalliana). 

Peppergrass (Lepidiwm ramossissimum). 
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INTRODUCTION. 

This bulletin is the third of a series reviewing the work of the 

Bureau of Markets, U. S. Department of Agriculture, in compiling 

reports of storage holdings of certain food products. 

- The first of the series was U. 8. Department of Agriculture Bulletin 
709, entitled ‘“‘Reports of Storage Holdings of Certain Food Products.” 

It described the storage work of the Bureau of Markets and the 

methods of securing the information and of compiling the reports. 

It summarized the work accomplished up to January 1, 1918, and 
reviewed the cold storage season of 1916 and 1917 for apples, butter, 
American cheese, and case eggs. It also reviewed the reports received 

during 1917 on the storage holdings of frozen and cured meats. 

The second of the series was U. S. Department of Agriculture 
Bulletin 776, entitled “Cold Storage Reports, Season 1917-1918.” It 

_ reviewed the reports of that season on apples, creamery and packing 

stock butter, American cheese, case and frozen eggs, and frozen 

poultry. 
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REPORTS OF STORAGE HOLDINGS. 3 

The present bulletin reviews the reports received during 1918 on 

the storage holdings of frozen and cured meats, lard, frozen fish, cured 

herring, and mild cured salmon. A series of tables shows the frozen 
and cured meat holdings at the peak load of the season for that com- — 
modity, segregated by sections. These tables include the number of 

storages reporting for a certain date in each geographical section, and 

the holdings of these firms. They also furnish comparisons between 
the stocks reported on these dates with the stocks reported for the 

same dates of the previous year. The comparison is based on the 

storages reporting for both dates. 

_ For each variety of meat products and fish, another table shows 
the holdings of each month on the date of reporting and the relation, 

expressed in percentage, of the holdings of each month to the peak 

load of the season and the increase or decrease during each month, 
_ both in actual number of pounds and in percentage. The holdings 
in these tables are based on the actual number of pounds reported, 
plus an estimate of the stocks of the storages that failed to report. 
The estimates of the stocks of the unreported firms are based on their 
holdings reported for the preceding month. It is assumed that the 

percentage of increase or decrease in their stocks was the same as the 
percentage of increase or decrease in the stocks of the storages that 

reported. The unreported stocks in any month never: amount to! 
more than 1 per cent of the total holdings. iG DITB 

Another. series of tables shows the quantities reported and the 
comparison of the holdings of each month with those of the same 
date in the preceding year. This comparison also is based, in each 

case, on the storages reporting for both dates. 

Two series of charts are included in this bulletin. One series shows 
graphically the comparative monthly holdings during 1918, based on 

the tables of monthly holdings, including estimates. The other series 

covers meats only, showing graphically the relative monthly holdings 

tor the years 1916 to 1918, inclusive. 

Each chart in this latter series shows the relation, expressed in 

percentage, of each month’s holdings of the particular commodity to 

the peak load holdings of the entire three years. They are based on 

the monthly increases and decreases as compiled in the regular monthly 

reports of the Bureau of Markets. In making such comparisons the 
reports of those firms having no holdings on one of the dates compared 
are included. If a firm begins business or ceases business in the inter- 

vening period, it is included in the comparison as having no holdings 

on the date on which it is not in business. 
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REVIEW OF THE 1918 COLD STORAGE HOLDINGS OF FROZEN MEATS. 

The Bureau of Markets collects and publishes information regard- 
ing the monthly cold storage holdings of three classes of frozen meats— 

frozen beef, frozen pork, and frozen lamb and mutton. As reports 

are received from practically all cold storage and packing plants in 
the United States, the information secured shows the quantities on 
hand on the first of each month in both public and oe cold 

storage warehouses and in packing house plants. 

The maximum quantities reported for each of these commodities 
on the first of any one month during the year were as follows: Frozen 

beef on January 1, 1918, 309,621,874 pounds; frozen pork on May 1, 
1918, 184,633,021 pounds; frozen lamb and mutton on December 1, 
1918, 9,046,250 pounds. 

These figures, of course, do not veqresent the ‘oul quantities frozen 

during the year, for, as no information has been secured regarding 

monthly receipts and deliveries, it is obvious that some meats may 

have been frozen and removed from the warehouses during the month, 

which would not appear in the reports of the stocks on hand on the 

first day of the month. The quantities reported since August 1, 1918, 

are stocks, of carcasses and cuts only and do. not include trimmings 

and offal. Previous to that date, through a misunderstanding, a few 

warehouses reported trimmings and edible offal with their other meat 
stocks. From corrected reports received for.several months, it is 

estimated that the trimmings and offal thus included amount to 

approximately 3 per cent of the total stocks reported. 

FROZEN BEEF. 

The reports of the Bureau of Markets have shown extraordinarily 
large quantities of frozen beef stocks in cold storage during the year. 
To a great extent this is accounted for by the large quantities frozen 
for shipment overseas. It is probable that much more was frozen 

and shipped between reports and therefore 1 is not shown in the monthly 
reports. 

The reports showed that the largest stocks held at any one time 

during the year were in storage on January 1, 1918. Table 1 shows 

the holdings of that date segregated by geographical sections and a 

comparison of the stocks of January 1, 1918, with those of January 1, 

1917. This comparison is based on those storages that reported their 

holdings for both dates. . 
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TaBLeE 1.—Cold storage holdings of frozen beef as reported on January 1, 1918. 

Reported for January 1. 1918. Comparison with January 1, 1917. 

Section Stor- Percent-| Storages 
ages Holdings age of |reporting] January 1, | January 1, fnere ase, 

report- reported. total | on both 1917. 1918. decrease 
ing. holdings.| dates. F 

; Number. Pounds. Per cent.| Number. Pounds. Pounds. Per cent. 
New England _---_-- 33 18,123,176 5.8 27 4,317,922 6,907,222 | + 60.0 
Middle Atlantic -_-_ 83 46,104,962 14.9 72 50,504,794 43,501,498 | — 13.9 
South Atlantic__-- 27 1,798,926 -6 25 1,580,006 1,793,826 | + 13.5 
N. Central (east) -- 74 | 154,173,798 49.8 55 98,439,463 | 138,051,374 | + 40.2 
N. Central (west) _ 60 72,033,748 23.3 49 37,070,067 56,210,673 | + 51.6 
South Central____- 30 6,716,079 2.2 19 5,398,610 6,091,953 | + 12.8 
Western (north) -__ 28 4,964,026 1.6 21 2,796,608 4,000,474 | + 43.0 
Western (south) --— 33 5,707,159 1.8 29 2,334,340 5,595,123 | +139.7 

otalyes at. 2S 369 | 309,621,874 100.0 297 | 202,441,810 | 262,152,143 | + 29.5 

Table 1 shows that almost one-half of the frozen beef held at that 
time was stored in the North Central States east of the Mississippi 
liver, nearly one-fourth in the North Central States west of the 
Mississippi and only 15 per cent in the Middle Atlantic States. Most 
of the holdings in the North Central East section were stored in 
Chicago, that city having 43 per cent of the total stocks of the country. 
Greater New York stored the second largest amount, or 7.9 per cent, 
St. Louis, third, or 5.3 per cent, and Boston fourth, or 4.2 per cent. 

The percentage stored in the North Central East section increased 
during January and February, 1918, from 49.8 per cent on January 1 

to 52 per cent on March 1, then decreased until July 1, when only 

37.9 per cent was stored in that section. By December 1 the per- 

centage had again increased to 44.2 per cent. 

The percentage in the North Central West section increased to 23 
per cent on February 1, then decreased monthly until September 1, 

when only 11.6 per cent was stored in that section; it then increased 

to 15 per cent on December 1. 

The percentage stored in New York, New Jersey, and Pennsylvania 

decreased to 13.4 per cent in February, then increased monthly until 

September 1, when 34.4 per cent was held in these States. The per- 
centage again decreased, and on December 1 they held 24.2 we cent 

of the total holdings. 

Table 2 gives the monthly holdings reported, plus the ésumiated 

holdings of those storages whose reports were not received. It also 
shows the increase and decrease in holdings monthly. Comparing 
this table with Table 1, it is shown that the quantities unreported 
monthly were very small, never amounting to more than 2 per cent. 
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Tasie 2.—Monthly cold storage holdings of frozen beef during 1918, and increase or 

5 “decrease during each month. 

f Holdings | Relative ; 
Month. r : on first percent- Increase or decrease 

5; of month. age. during month. 

eel nt ete lee Z 

’ Pounds. _| Per cent. ~ Pounds. Per cent. 
EAA UD ELT yes NaN eee ea 6 le et BE EPS a tele Ee FS 315,571,879 | 100.0 | —23,457,530 — 7.4 

wre -| 292,114,349 92.6 | —16,000,304 — 5.5 
276,114,045 | > 87.5 | + 7,673,927 + 2.8 

_| 283,787,972 89.9 | —56,212,451 —19.8 
227,575,521 ||” 72.1 — 23,459,245 —10.3 
204,116,276 64.7 | —34,288,658 _ — 16.8 

. 169,827,618 | 53.8 | +26,692,705 +15.7 
196,520,323 62.3 | —11,331,375 — 5:8 

September! 22 eas ese ees ae ss es SS 185,188,948 | ~ 58.7 | + 9,294,075 + 5.0 
October Ls SLE Mas we eee eee ee ee 194,483,023 61.6 | +29,390;135-|- +165.1 
November. 2222 Ses) Sue ee ee ae Sa 223,873,158 | 70.9 | + 5,837,481 | +_1.9 
Decenther sees ie ee ye We Ne ot 229,710,639 72.8 + 67,148,421 +29.5 

By the curves indicating the increases and decreases in holdings 
during the months involved, figure 2 shows graphically the relative 
monthly holdings for the years 1916 to 1918, inclusive. 
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Fic. 2.—Relative monthly cold storage holdings of frozen beef ducing 1916, 1917, and 1918. Base 

100 equals holdings on January 1, 1918. 
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For several months during the year a few firms failed to report 
their holdings. A careful estimate has been made of their holdings 

for these dates. The estimate for each month was based on the hold- 

ings reported for the previous and succeeding months. 
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Table 3 shows the total quantity reported monthly with a com- 
parison of the holdings of each month with those of the same month 
in 1917. This comparison also is based on the stocks of those ware- 

houses reporting for both dates. All months except December show 
the holdings of 1918 to be much more than those of 1917, the increases 
varying from 8 per cent on February 1 to 91.7 per cent or about 
ninety-five million pounds on June 1. 

TaBLeE 3.—Monthly cold storage holdings of frozen beef during 1918 compared with 

those of 1917. 

_Reported for 1918. Comparison with 1917. 

Storages 
SLO. Storages| Holdings | reporting 1917. 1918 Increase 

reporting.| reported. for both . JETS 
dates. : 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
anvary cin ee eee ees 369 | 309,621,874 297 | 202,441,810 | 262,152,143 +29.5 
Mebruary2. 2320222 eee 379 | 292,044,788 308 | 190,908,760 | 206,244,760 + 8.0 
Wiarch sete se ae ose aie eee 386 | 276,114,045 318 | 169,792,699 | 188,087,763 +10.8 
Aprils 2 ate a ok Sok 380 | 283,787,972 322 | 154,192,972 | 250,868,255 +62.7 
Minaya. 2 2 ees See 383 | 227,575,521 326 | 118,391,253 | 206,400,834 +74.3 
Junelce. 3) eer eee ee 369 | 204,116,276 321 | 103,006,888 | 197,465,175 +91.7 
CLL | ioe a» 5 oie ea 377 | 169,827,618 328 | 109,353,514 | 163,219,536 +49.3 
(AU USb sos Seek Se 360 | 196,520,323 323 | 108,728,886 | 182,486,446 +67.8 
September_____-_______-- 368 | 185,188,948 327 | 100,453,086 | 170,241,546 ~ +69.5 
October. 2 e558 SB = 370 | 194,483,023 327 | 119,221,128 | 170,121,857 +42.7 
November-______-_-_-=-_-- 371 | 222,267,572 339 | 179,031,590 | 195,800,989 + 9.4 
December seme sa espe 380 | 229,607,772 347 | 235,664,360 | 203,217,071 — 13.8 

Figure 3 is a chart showing the comparative monthly holdings of 

frozen beef for 1918. The quantities indicated on the chart are based 
on the quantities reported plus the estimated holdings of unreported 
warehouses as given in Table 3. The monthly increases and decreases 
as shown in Table 3 and on this chart do not have any great degree 

of regularity: They show-a general decrease to July 1, except for a 
slight increase during March. From July 1 until the end of December, 

the holdings increased monthly except for a slight decrease. during the 
month of August. The greatest decrease, amounting to more than 
56,000,000 pounds, occurred during April. Im December the holdings 

were increased by more than 67,000,000 pounds. 

FROZEN PORK. 

During the months of April to July, 1918, inclusive, the holdings 
of frozen pork were much larger than for the previous two years. 

From August 1 to January 1 the holdings for the three years have 

shown little variation. Table 4 shows the holdings that were reported 

on May 1, 1918, segregated by sections. The holdings of that month 

are the maximum of the season and the largest quantity that has been 

reported to the Bureau of Markets since these reports have been 

collected. The table also compares the holdings of May 1, 1918, with 

those of May 1, 1917, the comparison being based on the holdings 

of only those warehouses which reported for both dates. 
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TaBLe 4.—Cold storage: holdings of frozen pork as reported on May 1, 1918. 

Reported for May 1, 1918. Comparison with May 1, 1917. 

1 

- ’ Stor- Percent-| Storages 
SEeNOR. ages Holdings age of |reporting May 1, May 1, incre: ae 

report- reported. total | on both 1917. 1918. decusase™ 
ing. holdings.| dates. 

Number. Pounds. Per cent.| Number. Pounds. Pounds. Per cent. 
New England __-__-_ 35 10,478,041 7.8 31 7,226,239 10,031,810 | + 38.8 
Middle Atlantic___ 83 22,323,967 16.6 75 9,095,533 22,176,752 | +143.8 
South Atlantic____ 25 1,869,225 1.4 24 477,167 1,793,047 | +275.8 
N. Central (east) __ 76 47,755,942 35.4 65 21,226,318 42,616,383 | +100.8 
N. Central (west) — 60 38,846,295 28.8 56 27,373,956 37,577,821 | + 37.3 
South Central_____ 31 3,467,867 2.6 25 3,325,443 2,866,967 — 13.8 
Western (north) ___ 22 3,845,590 2.9 18 2,741,160 3,820,216 + 39.4 
Western (south) ___ 28 6,046,094 4.5 24 3,262,004 5,783,548 + 77.3 

Motals ean 2 22 360 | 134,633,021 100.0 318 74,727,820 | 126,666,544 | + 69.5 

More than 80 per cent of the stocks of May 1 were stored in the 

Middle Atlantic and North Central sections. Chicago cold storages 

held one-fourth of the stocks and Greater New York cold storages 
13.6 per cent. The percentages in the North Central and Middle 

Atlantic sections varied from 80.8 per cent to 71.5 per cent in October. 

Table 5 shows the holdings of each month during the year, including 

both the stocks reported and an estimate of the holdings of those 
firms whose reports were not received. It also shows the amount of 

monthly increases and decreases. 

rinmDa cea 
~~ ge ge he 

. Se eeooaee 

Ma y | June | J 

Fic. 4.—Relative monthly cold storage holdings of frozen pork during 1916, 1917, and 1918. Base 

100 equals holdings on May 1, 1918. 
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TasieE 5.—Monthly cold storage holdings of frozen pork during 1918, and increase or 

decrease during each month. 

Holdings . 
Month. on first Relauve Increase or decrease 

of each P = during month. 
month. age. 

— 

Pounds. Per cent.| Pounds. Per cent. 
sD ATRUD ACY oe ee an iy EA ar 41,663,343 30.9 | +19,995,681 +48.0 
Rebruary cai ees aah iete Pease 61,659,024 45.8 | +42,971,028 +69.7 
IM areca Sse ee eae ok Ae ON Eh ee ye 104,630,052 77.7 | +26,700,426 +25.5 
Apt ee LN RNS PAC Be ee Rea es 131,330,478 97.5 | + 3,802,543 + 2.5 
IVD egy, ss eS Ae Ree Oe i ees 8 ee ee 134,633,021 100:0 | — 501,507 — 04 
AT a(S pe ASS A EL ea eae ea 134,131,514 99.6 | —16,155,762 —12.0 
SL | I eg es 8 2 SE og 2 OE BV eee ee 117,975,752 87.6 | — 9,755,280 — 8.3 
Ausist 222 ane ae SoS Ee ie See oe 108,220,472 80.4 — 36,835,602 — 34.0 
Séptember= = eee: Sasa ee eye sured tee eae 71,384,870 53.0 | — 24,792,232 — 34.7 
OGtober! 223 Fes ae ae Oe be ise 46,592,638 34.6 — 9,624,602 — 20.7 
November soe a Sie Be eS A eee pare he Se 36,968,036 27.5 | — 2,218,446 — 5.9 
Decem bers re wae San = ae ee mA 34,749,590 25.9 | +26,510,445 +80.7 

Table 6 shows the total holdings reported for each month during 

the year together with the comparison of the holdings of each month 
with those of the same date of the previous year. It will be observed 
that in April, May, and June the holdings of 1918 were approximately 

50,000,000 pounds greater than those of 1917. However, the 1917 

stocks for those months were much smaller than those of 1916. In 

figure 4 are plotted the relative holdings of each month, for the years 

1916 to 1918, inclusive, on a percentage basis. This shows not only 

the monthly stocks during the three years but also the monthly 

increase and decrease in holdings. 

TaBLe 6.—Monthly cold storage holdings of frozen pork during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Month Storages 
e Storages| Holdings | reporting 1917 1918. Increase 

reporting.| reported. for both 7 or 
dates. decrease. 

Numober. Pounds. Number. Pounds. Pounds. Per cent. 
Januarye< 22 gecesi 327 41,100,684 235 50,563,951 33,167,655 —34.4 
February 2s See eee 349 61,646,499 271 66,061,889 55,155,327 —16.5 
Marches =: am Giana aaa 364 | 104,630,052 294 63,352,144 89,288,856 +40.9 
‘Aprilsecke oan nt Se 362 | 131,330,478 305 64,996,160 | 112,676,886 +73.4 
Missy. 2252 Se ea ek ee 360 | 134,633,021 318 74,727,820 | 126,666,544 +69.5 
June 2 Ee hea ae 359 | 134,131,514 310 77,533,678 | 127,880,376 +64.9 
July See See a ee a 355 | 117,975,752 320 91,562,278 | 112,045,038 +22.4 
AU gust 2 oe ee sb ubemr Se 353 | 108,220,472 313 96,648,335 | 102,889,405 + 6.5 
September! awe. oe anne ee 345 71,384,870 318 72,286,006 69,960,132 — 3.2 
October 47 eas Pani es 359 | 46,592,638 320 | 39,767,455 | 44,880,387 +12.9 
November.) iia eee 350 37,505,113 311 25,347,070 35,485,652 +40.0 
December. 22a) Ses ae sie 351 34,621,846 323 23,504,075 33,842,445 +44.0 

Figure 5 shows graphically the quantities of frozen pork in cold 
storage on the first day of each month during the year 1918. It is 

based on the quantities given in Table 5. The largest increase in 
holdings occurred during the month of February when the increase 
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was nearly 43,000,000 pounds. The decreases were more regular, and 

varied from 500,000,000 pounds during May to 36,800,000 pounds 

during August. The stocks increased monthly until May 1, then 
' decreased until December 1. During December there was an increase 

of 261% million pounds, indicating that the 1919 stocks were beginning 

to go into cold storage. 
FROZEN LAMB AND MUTTON. 

The holdings of frozen lamb and mutton as reported on December 
1, 1918, amounted to 9,046,250 pounds. All cold storages and pack- 

ing plants on the list of the Bureau of Markets reported their holdings 
for that date. These stocks were 53.7 per cent greater than on 
December 1, 1917. Table 7 segregates the holdings of December 1, 

1918, by geographical sections, and compares the holdings of each 
section with those of December 1, 1917. 

TasLeE 7.—Cold storage holdings of frozen lamb and mutton as reported on: December 1, 
1918. 

Reported for December 1, 1918. Comparison with December 1, 1917. 

a Stor- Percent-| Storages 
seaton. ages Holdings age of |reporting| December 1, | December 1, nets ia 

report- reported. total | on both 1917. 1918. decneascn 
ing. holdings.| dates. 

Number.| Pounds. Per cent.| Number.| Pounds. Pounds. Per cent. 
New England _-_-___ 23 965,934 10.7 22 938,378 965,891 + 2.9 
Middle Atlantic___ 57 2,944,048 32.5 53 2,209,845 2,738,978 + 23.9 
South Atlantic____ 14 164,539 1.8 12 108,369 163,889 | + 51.2 
N. Central (east) __ 34 2,351,142 26.0 29 1,118,979 2,031,756 + 81.6 
N. Central (west) 35 1,608,718 17.8 31 428,480 1,411,830 +229.5 
South Central_____ 16 326,575 3.6 13 61,405 324,507 +428.5 
Western (north) ___ 27 204,473 2.3 23 306,338 198,103 | — 35.3 
Western (south) ___ 21 480,821 5.3 20 233,976 476,383 +103.6 

Motels ee was 227 9,046,250 100.0 203 5,405,770 8,311,337 + 53.7 

It will be observed that of the 9,046,250 pounds reported for 

December 1, 32.5 per cent was stored in the Middle Atlantic States, 
26 per cent in the North Central East section, 17.8 per cent in the 

Central West section, and{10.7 per cent in the New England section, 

a total of 87 per cent of the total United States holdings. Approxi- 

mately 28 per cent was stored in greater New York and 25 per cent 
in Chicago. 

Table 8 shows the total holdings for each month during 1918, 
these totals being based on the stocks of the warehouses reporting, 

plus an estimate of the holdings of storages not reporting. By com- 

paring this table with Table 8 it will be observed that the unreported 

stocks amounted to a very small percentage of the quantities reported 
monthly. Using the stocks of December 1 as a base, this table, also 

shows the percentage of the holdings of each month, the monthly 
increase and decrease in holdings expressed in pounds, and the per- 

centage that this decrease is of the stocks of the previous month, 
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TaBsieE 8.—Monthly cold storage holdings of frozen lamb and mutton during 1918, and 

increase or decrease during each month. . 

Holdings Relative 
Month. on first percent- 

of month. age. 

Increase or decrease 
during month. 

Pounds. Per cent. Pounds. Per cent. 
81.9 A SE Sest EN eee ee a tee ee Meee SS 7,403,093 — 1,088,073 —14.7 

IVa nS hoo ee ee ee a ee 6,315,020 69.8 +1,540,161 +24.4 
WLTDUD. . SaaS Re ES I ete ee ice rac Pa aie pal ats 7,855,181 86.9 — 1,507,021 — 19.2 
Leper ee a 6,348,160 70.2 | —2.315,273 — 36.5 
Wi eee een en oe NL eee 4,032,887 44.6 + 209,873 + 5.2 
TS. i oe . 2 | Se eee pee 4,242,760 46.9 — 749,299 —17.7 
UG at Ee... Se eee ene 3,493,461 38.6 + 676,079 +19.4 
LTO oss 25 Se ea ees 4,169,540 46.1 — 123,163 — 3.0 
SEBLEM DEL Eeeere 5 =e he CN es 4,046,377 44.8 +1,195,384 + 29.5 
October __ --------- papas De Se Pine Be ae 5,241,761 58.0 +3,042,570 +58.0 
Wavemtber smn srr ke ae Se 8,284,331 91.6 + 761,919 + 9.2 
Deeper ape oe ee ang ees ei 9,046,250 100.0 +3,398,668 +37.6 

Fic. 6.—Relative monthly cold storage holdings of frozen lamb and mutton during 1916, 1917, and 

1918. Base 100 equals holdings on January 1, 1919. 

Table 9 shows the holdings reported monthly during the year and 

a comparison of the holdings of each month with those of the same 
date of the previous year. This comparison includes only the hold- 
ings of those warehouses reporting for both dates. Figure 6 shows 
the relative holdings of each month for the past three years. This 
chart is prepared on a percentage basis and it also shows the relative 
monthly percentage of increase or decrease during those years. It 

shows that the movement of frozen Jamb and mutton to and from 

storage was rather erratic. ead ce 
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TABLE 9.—Monthly cold storage holdings of frozen lamb and mutton during 1918 com- 

pared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Storages ‘ rence 
whoa Storages| Holdings | reporting 1917. 1918. Tneree: 

reporting.| reported. for both decrease. 
dates. 

5 Number. Pounds. Number. Pounds. Pounds. Per cent. 
AUUaGY Ae eee ee see 200 7,356,166 147 4,885,678 5,456,148: +11.7 
February__-_..----------- 201 6,314,420 157 5,895,319 5,365,317 — 9.0 
IMearchies stance 8d 210 7,855,181 166 4,948,954 6,929,546 +40.0 
Aprils 223 22.2 ji eRe Seep ew 211 6,348,160 170 4,871,723 5,653,730 +16.1 
May-.--- dy go Ia See 209 4,032,887 171 4,368,770 3,663,231 —16.1 
une se eae ee ee 201 4,242,760 169 3,508,294 3,963,836 +13.0 
CTT Bt Sct Sy a 205 3,493,461 173 4,380,373 3,149,321 — 28.1 
apis tee rd sone Lok 214 4,101,370 179 3,912,194 3,728,697 — 4.7 
September_____________-- 210 4,046,377 178 2,715,659 3,788,231 +39.5 
October rere se eS 225 5,241,761 185 2,768,033 4,543,219 +64.1 
November_____-___-_-_-- 231 8,610,224 195 4,193,668 7,738,444 +84.5 
December --_-_-----_---- 226 9,046,250 203 5,405,770 8,311,337 +53.7 

Figure 7 illustrates the relative quantities held on the first day of 
each month during 1918. 

REVIEW OF THE 1918 STORAGE HOLDINGS OF CURED 

MEATS AND LARD. 

The three varieties of cured meats on which reports are made by 
the Bureau of Markets are cured beef, dry salt pork, and pickled 
pork. The reports also cover the stocks of lard and miscellaneous 
meats. Included in miscellaneous meats are all stocks of beef, pork 

and mutton trimmings and all stocks of beef, pork and mutton edible 
offal whether frozen, cured or otherwise prepared for food. It does 
not include sausage and canned meat products. Reports on these 
commodities were not requested until August 1, 1918, and sufficient 
data have not been secured to show the holdings and movement for 
a season. In the cured meat products are included meats in process 
of cure as well as meat on which the process of curing is completed. 

CURED BEEF. 

The largest quantity of cured beef reported during the season was 
held on January 1, 1918. The 363 storages that reported for that 
date showed stocks of 38,279,264 pounds. It is estimated that the 

holdings of the 3 storages that did not report amounted to 963,307 

pounds, making a total of 39,242,571 pounds. This was about 314 

per cent less than the holdings for January 1, 1917. 
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TaBLE 10.—Cold storage holdings of cured beef as reported on January 1, 1918... 

Reported for January 1, 1918. Comparison with January 1, 1917. 

- Stor- Percent-| Storayes 
Becton: ages | Holdings age of |reporting| January 1, January 1, incre te 

report- reported. total | on both 1917. 1918. decrease 
ing. heldings.| dates. 

Number. Pounds. Per cent.| Number. Pounds. Pounds. Per cent. 
New England ___-_- 26 1,389,312 3.6 20 821,371 1,199,312 | + 46.0 
Middle Atlantic ___ 95 4,553,085 11.9 80 5,649,827 4,164,069 | — 26.3 
South Atlantic____ 34 648,422 1-2 29 324,424 623,144 | + 92.1 
N. Central (east) __ 94 16,558,496 43.3 87 17,032,000 16,338,459 | — 4.1 
N. Central (west) _ 49 13,294,063 34.7 47 12,985,971 12,913,430 | — 0.6 
South Central_____ 22 607,197 1.6 16 427,529 572,821 + 34.0 
Western (north) ___ 20 374,198 1.0 19 488,398 326,313 | — 33.2 
Western (south) ___ 23 854,491 2.2 18 509,720 838,298 | + 64.5 

otal a= 363 38,279,264 100.0 316 38,239,240 36,975,846 | — 3.3 

Table 10 shows the holdings as reported on January 1, 1918, 

segregated by geographical sections and a comparison of the holdings 
of that date with those of January 1, 1917. This segregation shows 

that 90 per cent of the total holdings were stored in the Middle 
Atlantic and North Central sections. More than 900,000 pounds of 

the unreported stocks were stored in Chicago, so the North Central 
East section held 44.5 per cent of the total holdings of the United 

States, while Chicago storages alone held 38.2 per cent. Greater New 
York held a little less than 5 per cent of the total stocks. 

TaBLE 11.—Monthly storage holdings of cured beef during 1918, and increase or 

decrease during each month. 

Holdings Relative Increase or decrease 
Month. on first percent- A 

ofanonth age. during month. 

Pounds. Per cent. Pounds. Per cent. 
ean ay ge ee ee at aa 39,242,571 100.6 — 449,932 — 1.1 
Bebra ye sees ee eee Sy eae pa ne eal 38,792,639 98.9 — 1,218,058 — 3.1 
ia rchid eee er ery Ei th cat WW he UE 37,574,581 95.7 — 2,173,443 — 5.8 
UN 9) | Meee NE Se a On ei 35,401,132 90.2 — 5,140,153 —14.5 
VA ay ae eee ae ee ico oe le Meee see 30,260,979 77.1 — 3,920,511 | . —13.0 
June 2 OS SARs SANs SRW ee SRE Ua racy ape 26,340,468 67.1 — 2,704,960 —10.3 
Dur ye ase i EI A FO Ne dt a Seis 23,635,508 60.2 +6,000,604 +25.4 
BN T 24 1 Yy eee he cals pa Ne aes NN bee TONS ee a 29,636,112 75.5 + 575,405 + 1.9 
September sae Mesa ee epee Neelya sy ae > 30,211,517 77.0 — 1,282,457 — 4.2 
Octobers2 SS eee eens, So aie cj dae aoe 28,929,060 73.7 +1,225,298 + 4.2 
November 20 ees et eg eae eee 30,154,358 76.8 +2,428,809 + 8.0 
December 225. Says eae Ba SE aes aa 32,583,167 83.0 +3,583,175 +11.0 

Table 11 shows the total holdings of each month during the year 

and the percentage of the holdings of each month based on the stocks 

of January 1. It also shows the monthly increase and decrease in 
holdings and the percentage that each month’s increase or decrease 
is of the stocks on hand on the first day of that month. The data in 

this table are based on the total monthly stocks reported, plus an 
estimate of the unreported holdings. 
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TABLE 12.—Monthly cold storage holdings of cured beef during 1918 compared with 

: those of 1917. 

Reported for 1918. 

HSE Storages| Holdings 
reporting.| reported. 

Number. Pounds. 
amnvaryis De) 8 2 363 38,279,264 
LE Saya a ee es 370 38,792,639 
Warchseeeses ey SS 375 37,608,731 
Ava Se eee 383 35,401,132 
IY] cn as ee eee 383 31,236,415 
Tet O ~ > ae a aes 380 26,340,468 
LTR sis oe Lo eye ae 373 23,635,508 
Wrest 371 | 29,636,112 
September_______________ 373 30,211,517 
October ss oe 381 28,929,060 
November____________-_ Be 382 29,514,914 
December= 5222 — 363 32,583,167 

Storages 
reporting 
for both 
dates. 

Number. 
290 
307 
320 
330 
333 
342 
330 
330 
340 
348 
349 
346 

Comparison with 1917. 

Increase 
1917. 1918. or 

decrease. 

Pounds. Pounds. Per cent. 
37,301,283 35,762,222 | — 4.1 
35,890,829 35,950,372 | + 0.2 
37,660,065 36,508,067 | — 3.1 
30,601,470 32,954,304 | + 7.7 
29,408,560 29,409,829 | + 0.004 
30,831,335 24,259,459 —21.3 
35,679,158 23,151,585 — 35.1 
32,401,017 28,773,872 | —11.2 
30,289,505 29,037,934 | — 4.1 
31,246,459 27,968,521 —10.5 
32,222,692 28,489,443 —11.6 
38,324,795 31,894,094 | —16.8 

‘Table 12 shows the quantities reported for the first day of each 
month during the. year together with a comparison of the holdings 
for the same dates for 1917. The stocks were less for all months, 

except February, April, and May. Apri] stocks showed an increase 
of 7.7 per cent, while February and May stocks showed less than 1 per 
cent increase. 

[sens | pob. [ers | apes | way [sone [ amy | aus. [sept | oot. | now. | Bees | 
Fic. 8.—Relative monthly storage holdings of cured beef during 1916, 1917, and 1918. 

equals holdings on January 1, 1917, 

Base 100 
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Figure 8 shows the relative monthly holdings for the years 1916 to 
1918, inclusive. It is prepared on a percentage basis and also shows 
the relative monthly movement. It will be observed that the stocks 

of 1916, except for the months of November and December, were 

considerably smaller than those of the two preceding years. 

Figure 9 illustrates the relative quantities on hand on the first day 
of each month during 1918. The holdings decreased monthly from 
January to June, then increased monthly until December, excepting 

for a slight decrease during September. The holdings never reached 
a very low point. The stocks on July 1 amounted to 23,635,508 

pounds, a decrease of only 42.6 per cent from the maximum holdings 
of January 1. 

DRY SALT PORK. 

The reports received by the Bureau of Markets during 1918 showed 
extremely large holdings of dry salt pork. The largest quantity 
reported was held on June 1, when 480 cold storages and packing 

houses reported stocks of 490,193,305. pounds. Reports were not 

received from two warehouses for that date. Basing an estimate on 
their reports for other months, it is probable that their holdings on 
that date amounted to approximately 18,000 pounds. The reports 
of the 436 storages that reported for both June 1, 1917, and June 1, 

1918, showed that the amount held on June 1 was 125 per cent more 

than was stored on the same date of the previous year. 

TABLE 13.—Cold storage holdings of dry salt pork as reported on June 1, 1918. 

~ Reported for June 1, 1918. Comparison with June 1, 1917. 

. Stor- Percent-| Storages 
SEncGH: ages Holdings age of jreporting| © June 1, June 1 Ince ve 

report- reported. total | on both 1917. 1918 decraase 
ing. holdings.| dates. ae 

: Number Pounds. Per cent.| Number. Pounds. Pounds. Per cent 
New England _____ 23 19,608,411 4.0 |’ 21 10,138,692 18,570,112 + 83.2 
Middle Atlantic___ 81 22,474,766 4.5 74 8,419,180 22,346,140 +165.4 
South Atlantic____ 7,193,021 1.5 55 4,802,019 6,246,308 + 80.1 
N. Central (east) __ 122 | 208,262,182 42.5 116 88;303,950 | 207,278,712 +134.7 
N. Central (west) = 79 | 204,478,633 41.7 74 87,545,140 | 199,959,376 +128.4 
South Central ____- 46 19,545,621 4.0 40 10,734,072 18,718,829 + 74.4 
Western (north) ___ 31 3,347,439 aes 29 1,334,493 3,248,006 +143.4 
Western (south) _-_-_|. 34 5,283,232 1.1 27 2,524,153 4,671,727 + 85.1 

Total_ 24%! .2 480 | 490,193,305 100.0 436 +125.0 213,801,699 481,039,210 

‘More than 84 per cent of the stocks of June 1, 1918, were stored 

in the North Central States, 42.5 per cent being east of the Mississippi 
River and 41.7 per cent west of the Mississippi. More than 70 per 

cent of the holdings of each month throughout the year were held in 
the North Central States. One-fourth of the total holdings of the 
United States on June 1, 1918, was stored in Chicago. 
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TasLeE 14.—Monthly storage holdings of dry salt pork during 1918, and increase or 

decrease during each month. 

I RRayge | eva Increase or decrease Month. on first percent- at 
of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
252,933,726 51.6 + 88,488,079 +35.0 
341,421,805 69.6 + 61,312,128 +18.0 
402,733,933 82.2 +46,687,509 +11.6 
449 421,442 91.7 + 21,600,726 + 4.8 
471,022,168 96.1 +19,189,137 + 4.0 
490,211,305 100.0 — 93,310,896 —19.0 
396,900,409 81.0 — 27,689,710 — 7.0 

PAIS Geese eminent Reeds | ee PEE ee 369,210,699 75.3 — 35,663,271 — 9.7 
SEpleIn ber een yeas, | ii oat eu Lee ee le 333,547,428 68.0 — 49,904,473 —15.0 
Wet obese eased Fee). SN 2 aes ER Ese 283,642,955 57.9 — 37,519,832 —13.2 
Nov emibentan penis Ie eS Sey er Na ih ee 246,123,123 50.2 +36,915,885 +15.0 
December wen fas ee tes eg Se 283,039,008 57.7 +70,809,373 +25.0 

[aaa [reps ors | tors | way | Sune [ sady | nus. | Sorts] cots | Rowe | Deo 
Fic. 11.—Relative monthly storage holdings of dry salt pork during 1916, 1917, and 1918. Base 100 

equals holdings on June 1, 1918. 

The holdings increased during the months of January to May, 

inclusive, then decreased until November 1. Increases again occurred 

during November and December. The greatest increase was in Janu- 

ary, amounting to 88,488,079 pounds, while the largest decrease 

amounted to 93,310,896 pounds in June. The smallest amount re- 

ported for the year was held on November 1, the holdings of that 
date being approximately one-half of the June 1 holdings. Table 14 
shows the monthly holdings, increases, and decreases, and figure 10 is 

a graphic presentation of the monthly stocks during 1918. 
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The holdings reported for each month during 1918 are tabulated 
in Table 15 together with a comparison of the stocks of each month 

with those of the same date in 1917. Each month’s holdings greatly 
exceeded the quantities reported for the same month in 1917. The 
increase varied from about 33,000,000 pounds or 16 per cent on Janu- 

ary 1 to 65,000,000 or 125 per cent on June 1. Figure 11 is a graphic. 

comparison of the storage holdings and movement during the years 

of 1916 to 1918, inclusive.- It shows very clearly the comparative 

uniformity of holdings and movement during 1916 and 1917 and the 

abnormally large stocks held during 1918. The peak load of the 
previous two years came on March 1, while in 1918 the stocks did 

not reach their highest point until June 1. 

TABLE 15.—Monthly cold storage holdings of dry salt pork during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Storages 
derail. Storages| Holdings | reporting 1917 1918 Incregve 

- reporting.| reported. | for both 5 : ¥ decreases 
dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Januanyoeee eee ee eee 421 | 252,633,335 338 | 200,998,361 | 233,087,576 + 16.0 
ebruany2 on eee nee 446 | 341,391,805 379 | 228,423,710 | 316,763,231 + 38.7 
Vac eae a Sa a 466 | 402,683,433 401 | 259,058,920 | 381,854,062 + 47.4 
TeX Og | ae pepe pe ES ae eS 482 | 449,287,442 411 | 234,395,683 | 417,733,224 ++ 78.2 
Mitaiy 2 Se at ie ee a 485 | 471,092,198 431 | 219,818,561 | 455,908,772 +107.4 
June sie hey eee ea 480 | 490,193,305 436 | 213,801,699 | 481,039,210 +125.0 
July ee see ee eee se 485 | 396,170,409 436 | 224,812,596 | 385,181,429 + 71.3 
August______ ipa et & 485 | 369,902,599 437 | 231,905,289 | 364,349,447 + 57.1 
September_________-_-_-- 478 | 333,547,428 432 | 195,677,563 | 330,329,390 + 68.8 
October: 2225 5. nee ee 481 | 283,642,955 430 | 143,318,686 | 278,984,296 + 94.7 
November_-____-_-_-_---- 466 | 246,848,522 419 | 110,652,298 | 237,270,754 +114.4 
December -__-_-_-------- 449 | 282,821,332 413 | 150,882,126 | 277,456,636 + 83.9 

PICKLED PORK. 

The term pickled pork includes sweet pickled, plain brine, and 
barreled pork. The reports as received include meats in process of 

curing, in both cold storage and packing houses, as well as meats 

actually cured. 

TABLE 16.—Storage holdings of pickled pork as reported on May 1, 1918. 

Reported for May 1, 1918. Comparison with May 1, 1917. 

- Stor- Percent-| Storages 
Seok ages Holdings age of |reporting May 1, May 1, incre ot 

report- reported. total | on both 1917. 1918. decrease 
ing holdings.| dates. i 

Number Pounds. Per cent.| Number. Pounds. Pounds. Per cent. 
New England _____ 33 28,203,215 6.9 30 27,020,113 28,188,948 + 4.3 
Middle Atlantic___ 127 30,071,229 7.4 119 30,580,537 29,190,699 | — 4.5 
South Atlantic. ___ 54 8,449,654 2.1 46 7,150,383 |° 7,627,770 | + 6.7 
N. Central (east) __ 151 | 165,806,233 40.8 140 | 186,865,142 | 165,416,592 | + 20.9 
N. Central (west) _ 80 | 144,694,088 35.6 78 | 141,948,289 | 142,766,738 | + 0.6 
South Central_____ 28 11,606,658 2.9 25 19,389,320 11,335,068 — 41.5 
Western (north) ___ 37 5,503,784 1.3 35 7,006,398 5,494,084 — 21.6 
Western (south) ___ 42 12,024,986 3.0 38 11,275,566 11,668,489 + 3.5 

rhotal ee ye 552 | 406,359,847 100.0 511 | 381,235,748 | 401,688,388 | + 5.4 
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On May 1, 552 concerns reported total stocks of 406,359,847 pounds. 
It is estimated that the holdings of the two houses that did not report 
on that date amounted to 12,000 pounds. The concerns located in 

the North Central section east of the Mississippi held 40.8 per cent 

of the stocks of that date, and those in the North Central West 

section 35.6 per cent. These two sections held more than 70 per 

cent of the holdings of each month. Chicago concerns held 22.5 per 
cent of the May 1 stocks. 

TasBLE 17.—Monthly storage holdings of pickled pork during 1918, and increase or 

decrease during each month. 

Holdings Relative 
Month. ae ae mercent= Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
UTIL Yee eee of oe St he eS Rea ere 269,003,222 66.2 +53,001,086 +19.7 
Hebruanyeeeen = 2 soe 2k Se eee 322,004,308 79.2 +47,009,951 +14.6 
Wiarchepsmnyee Sate 3 5 ee Se 2. Se eee 369,014,259 90.8 +35,301,183 + 9.6 
Arles Stine) Ae S| ee. See 404,315,442 99.5 + 2,056,405 + 0.5 
Vit y mens Sete en a 2 ein es 406,371,847 100.0 — 8,088,926 — 1.9 
AID ec a es ne a a 398,282,921 98.0 — 20,111,038 — 5.0 
Toiky = SSS ee eee ee ery oe 378,171,883 93.1 — 3,182,451 — 0.8 
ENCES bee ee Sane 374,989,432 92.3 — 59,570,801 —15.9 
MED LEMbeR en feo 0a ee 2 SR oe LR SS 315,418,631 77.6 — 65,606,670 — 20.8 
Octobensern eee aoe hae SL ee 2 BR. ee 8 249,811,961 61.5 — 18,061,883 — 7.2 
INovemberse 22205 5) jes Oe Sees See 231,750,078 57.0 +11,629,977 + 5.0 
Wecember sss sek 22 A | EE ee 243,380,055 60.0 + 58,996,612 +24.2 

Mar. Apr. | May July Aug. 

Fic. 12.—Relative monthly storage holdings of pickled pork during 1916, 1917, and 1918. 

equals holdings on July. 1, 1917 

Base 100 
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TaBLE 18.—Monithly storage holdings of pickled pork during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Storages 
ae Storages| Holdings reporting 1917. 1918. Increase 

reporting.| reported. for both decresse: 
dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
509 | 267,606,693 412 | 307,478,279 | 244,588,225 — 20.5 
530 | 321,586,508 455 | 348,269,159 | 298,174,603 —14.4 
545 | 368,970,759 480 | 378,846,509 | 350,997,846 — 7.4 
562 | 403,715,442 499 | 362,931,415 | 378,870,909 + 4.4 
552 | 406,359,847 511 | 381,235,748 | 401,688,388 + 5.4 
549 | 398,335,656 500 | 403,185,454 | 390,849,656 = 3.1 
556 | 377,649,383 517 | 412,810,182 | 358,122,273 —13.2 
561 | 375,476,032 523 | 403,704,023 | 367,987,377 — 88 
558 | 315,381,931 524 | 328,943,256 | 315,268,734 — 4.2 

October 222 ee ou he 553 | 249,782,261 515 | 252,151,967 | 247,041,882 = 2) 
November____-_-___-_-_-- 539 | 232,450,830 497 | 192,883,562 | 225,881,961 Sell 
Wecemberse 22 92h 2 22 ee 529 | 242,926,007 504 | 204,906,837 | 239,690,776 +17.0 

The monthly holdings reported during 1918 were apparently quite 
normal, varying little from those reported for the previous two years. 
There was an increase on May 1 of 5.4 per cent over the stocks held 
on the same date in 1917. 

The holdings of January 1, 1918, were 20.5 per cent less than in 
1917, while the December 1 holdings were 17 per cent more. The 
increases and decreases over last year’s holdings are given in Table 
18 while the comparative holdings and movement for the years of 
1916 to 1918, inclusive, are shown in figure 12. 

The holdings increased monthly from January 1 to May 1, then 
decreased until November 1, when they reached the lowest point of 
the year. The stocks at this time were 43 per cent less than on May 1. 
The largest monthly increase occurred in December, amounting to 
58,996,612 pounds. The largest decrease was 65,606,670 pounds dur- 
ing September. Figure 13 furnishes a graphic comparison of monthly 
stocks during 1918. 

LARD. 

The lard holdings reported to the Bureau of Markets include all 
prime steam, kettle rendered, neutral, and other pure lard, both bulk 
and package. They do not include lard compounds. The informa- 
tion received covers the lard stored in both public and private cold 
storage warehouses and in packing houses. 

TABLE 19.—Storage holdings of lard as reported on July 1, 1918. 

Reported for July 1, 1918. Comparison with July 1, 1917. 

Section. Stor- : Percent-| Storages ase 
ages Holdings age of |reporting July 1, July 1, incre Se 

report- | reported. total | on both 1917. 1918. decrease 
ing. holdings.| dates. : 

Number. Pounds. Per cent.| Number. Pounds. Pounds. Per cent. 
New England _-__-- 33 17,472,114 16.4 31 10,838,138 17,237,934 + 59.0 
Middle Atlantic___ 130 9,062,386 8.5 123 7,678,223 8,710,658 + 13.4 
South Atlantic ____ 60 1,996,998 1.9 54 2,131,033 1,811,506 | — 15.0 
N. Central (east) __ 166 41,698,657 39.1 151 44,685,836 40,832,076 — 8.6 
N. Central (west) _ 87 27,550,913 25.9 86 20,543,348 27,539,663 | + 34.1 
South Central_____ 52 2,210,146 P21 48 2,714,231 2,150,045 — 20.8 
Western (north) ___ 35 2,766,280 2.6 34 2,846,720 2,678,492 | — 5.9 
Western (south) __- 45 3,733,462 | - 3.5 37 3,759,428 3,539,416 | — 5.9 

otales =26222 608 | 106,490,956 100.0 564 95,196,957 | 104,499,790 | + 9.8 
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On July 1, 1918, 608 concerns reported total stocks of 106,490,956 

pounds. All cold storages and packing houses on the list of the Bureau 

of Markets reported their holdings for that date. The reports of 564 

concerns indicated that the holdings of that date were 9.8 per cent 

more than on the same date in 1917. Sixty-five per cent of the 
holdings of July 1 were in the North Central States and 16.4 per 
cent in the New England States. One-fourth of the stocks were in 

the city of Chicago and one-twentieth in Greater New York. 

TaBLe 20.—Monthly storage holdings of lard during 1918, and increase or decrease 
during each month. 

: Holdings Relative 
Month. es Gee eereonia Increase or decrease 

of month. age. uring month. 

Pounds. Per cent. Pounds. Per cent. 
54,539,198 51.2 + 4,771,244 + 8.7 
59,310,442 55.7 + 6,044,811 +10.2 
65,355,253 61.4 +24,498,566 | +87.5 
89,853,819 84.4 +138,519,583 - +15.0 

103,373,402 97.1 + 2,820,922 +27.3 
106,194,324 99.7 + 296,632 + 0.3 
106,490,956 100.0 — 4,695,964 — 44 

PNT SUIS Tene sue eee eee Fc) 0 ok eae a nia) Pe eee 101,794,992 95.6 + 2,840,569 + 2.8_ 
Septemberns- 2 ee as fea She a ae es 104,635,561 98.3 — 14,409,536 —13.8 
October ie Ne SR PE! Vee oe 90,226,025. 84.7 — 14,486,844, —16.1 
INGvemberi! 0 Sa Ske BR Se eet ee oe ee 75,739,181 71.1 + 5,931,368 + 7.8 
IDecembers,-2e ae ae oe ee aa Sue 81,670,549 76.5 |, +22,294,785 +27.3 

The stocks reported monthly, plus an estimate of the holdings of 
the unreported concerns, are tabulated in Table 20 together with the 

actual increases and decreases in holdings during each month. The 

greatest increase is shown during March and the greatest decrease 

during October. The smallest quantity held during the year was 

reported on January 1, the holdings of that date being 51.2 per cent 

of the July 1 holdings. After that date the lowest point reached was 

on November 1, which showed a decrease of 28.9 per cent from the 

maximum holdings on July 1. 3 

TaBLE 21.—Monthly storage holdings of lard during 1918 compared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Storages 
Midormiih. Storages Holdings | reporting 1917 1918 Tnorease 

reporting.| reported. for both i 3 decrease 
dates. ‘ 

Number. Pounds. . | Number. Pounds. Pounds. Per cent. 
525 54,190,596 414 80,977,065 49,253,023 — 39.2 
544 59,114,842 445 86,207,792 56,227,827 — 34.8 
562 65,308,753 479 88,459,714 62,931,026 — 28.9 
576 89,853,819 497 65,178,669 85,616,150 +31.4 
586 | 103,366,602 518 61,640,427 97,716,151 + 58.5 
598 | 106,244,670 534 72,365,145 | 103,528,896 +43.1 
608 | 106,490,956 564 95,196,957 | 104,499,790 + 9.8 
602 | 101,810,092 543 | 112,248,614 98,745,935 — 12.0 

Septembersalus eheee Mee 611 | 104,619,841 564 | 102,171,730 | 102,658,110 + 0.5 
Bg eS! Ryde eee 607 90,211,400 553 69,928,942 87,165,483 +24.6 

November = 22222 a Ps 594 76,226,395 548 37,095,455 73,464,701 +98.0 
December s22 aes 576 81,467,977 546 44,367,243 79,764,083 +79.8 
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As shown by the curves in figure 14, representing the holdings and 
increases or decreases during the years of 1916 to 1918, inclusive, 

there does not appear to be any great regularity of movement of lard 

to and from storage. In 1916 the largest quantity stored at any one 

time during the year was reported on May 1. In 1917 the largest 

stocks were held on August 1, while in 1918 the peak load occurred 

on July 1. A comparison of the holdings of each month with those 
of 1917 is given in Table 21. Figure 15 illustrates the relative quan- 

tities held on the first of each month during the year. 

Bye 
7 2 

Seal eer a a 
el 

Snr a L 
[Sept [Oct .[Nov.[Dec. | 

Fic. 14.—Relative monthly cold storage holdings of lard during 1916, 1917, and 1918. Base 100 

equals holdings on May 1,.1916. | 

REVIEW OF THE 1918 COLD STORAGE HOLDINGS OF FROZEN FISH. 

The first report of the Bureau of Markets showing the holdings of 

frozen fish, cured herring, and mild cured salmon was issued on 

October 15, 1917. These reports cover 22 varieties of frozen fish, all 
other varieties being. grouped under the heading of miscellaneous 
frozen fish. Among the varieties included in the miscellaneous group 

are albacore, bonito, burbot, catfish, eels, flounder, German and buffalo 

carp, horse mackerel, perch, pike, pickerel, pompano, red snapper, 
sheepshead, spanish mackerel, swordfish, tilefish, tuna, all kinds of 

salt and fresh water bass, except sea bass, and soft crabs and bay 
scallops. 
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In order to relieve the congestion of the work of compilations at 
the first of the month, incidental to the preparation of other storage 
reports, and thus enable the Bureau to handle its work more economi- 

cally, the reports for fish are obtained for the fifteenth of each month. 

When these reports were begun, many firms did not have sufficient 
records to enable them to furnish exact data. For this reason the 

reports for the months of October to December, inclusive, are omitted 

from this review. However, a very accurate tabulation of the stocks 

for these dates is found in the tables comparing the holdings of 1918 
with those of 1917. 

Exceptionally complete reports have been obtained from the ware- 

houses storing fish. Reports have been received from every firm on 
the list of the Bureau for every month during 1918 except that one 
firm failed to report its holdings for July. For several months reports 
from a few firms were received too late to be included in the report 

for that month. Their holdings are included in the revised tabula- 
tions in this bulletin. 

The descriptions of the different varieties of fish quoted hereafter 

are selected from the report of the Bureau of the Census on Fisheries 
of the United States, 1908. 

BLUEFISH. 

This is “a very gamy food fish found on the Atlantic and Gulf | 

Coasts. On the coast of the New England and Middle States, it is 
called ‘blue fish’; in Rhode Island, ‘horse mackerel’; south of Cape 

Hatteras, ‘skip jack’; in North Carolina, Virginia, and Maryland, 

‘tailor’ and ‘greenfish’; in the Gulf of Mexico, ‘blue fish.’ They vary 
in weight from 1 to 20 pounds, according to the season and locality. 

Large numbers are caught during the summer with nets, traps, seines, 
and hand lines.”’ 

On January 15, 1918, the reports to the Bureau showed stocks of 

_ 156,664 pounds. The holdings decreased until July 1, when less than 
25,000 pounds remained in cold storage. There was a slight increase 
from July 15 to August 15, but the most of the holdings of the season 

were placed in cold storage between August 15 and September 15. 
The increase in stocks during that time amounted to 176,753 pounds. 
The largest quantity reported during the year was held on October 15, 

and amounted to a little more than 275,000 pounds. This quantity 
was more than 50 per cent greater than the holdings of the same date 
in 1917. The quantity of bluefish frozen during 1918 amounted to 

approximately one-third of one per cent of the total fish frozen during 
the year, i 
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TasBiE 22.—Monthly cold storage holdings of frozen bluefish during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- | Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
January 156,664 56.9 — 34,122 — 21.8 
February 122,542 44.5 — 28,532 — 23.3 
March Bees 94,010 34.1 — 29,594 — 31.5 
April_____ 64,416 23.4 + 170 + 0.3 
May-_____ 64,586 23.5 — 37,183 — 57.6 
Unies sos = See 27,403 10.0 — 2,433 — 8.9 
ibitvs ie 255 Se 24,970 9.1 + 14,362 + 57.5 
August 39,332 14.3 +176,753 +449.4 
September 216,085 78.5 + 59,248 + 27.4 
Wetobereerr ee ome oe Ne el 275,333 100.0 — 36,110 — 13.2 
November. ue. SN Se 239,223 86.9 — 9,371 — 3.9 
December 02: = Sere: ign ey OE 229,852 83.5 + 4,582 + 2.0 

bluefish during TABLE 23.— Monthly cold slorage holdings of frozen 1918 compared 

> with those of 1917. 

Reported for 1918. Comparison with 1917. 

Holdings Storages Month. Increase 
Storages | , reported reporting 1917 1918 ion 

5 reperting.| on fifteenth | for both ; y 3 deaenen 
of month. dates. i 

Number Pounds. Number. Pounds. Pounds. Per cent. 
39 156;664 30 242,037 124,688 — 48.5 
39 » 122,542 30 15,980 5,356 — 66.5 
41 94,010 33 105,586 84,860 — 19.6 
37 64,416 31 45,516 59,847 + 31.5 
30 |} 64,586 24 15,028 43,270 +187.9 
25 |) 27,403 18 79,010 22,621 — 71.4 
26 24,970 21 124,867 21,929 — 82.4 
26 39,332 22 83,845 37,857 — 54.8 

27 216,085 19 43,451 166,919 + 284.2 
October _-____- eae 35 275,333 30 172,732 265,328 + 53.6 
November___.__-_-__-_- 35 239,223 32 209,430 237,407 + 13.4 
December _ =.=" ~~ 222 - 28. 34 229,852 33 175,392 224.852 + 28.2 

BUTTERFISH. 

This is,“‘a food fish found on the Atlantic Coast from: Mexico to 
Florida.» It is called ‘butterfish’ in Massachusetts and New York, 
‘harvestfish’ in New Jersey, ‘dollarfish’ in Maine, ‘sheepshead’ and 

‘skipjack’ about Cape Cod, ‘pumpkin-seed’ in Connecticut, and ‘star- 

fish’ at Norfolk.” It has an average length of 7 to 8 ‘inches and is 
caught in traps and pounds.” 

On J anuary 15, 1918, the reports showed 875,585 pounds of frozen 

butterfish stored. These holdings were reduced to 97,113 by April 15. 
The holdings then increased until November 15, except for a slight 
decrease of a little less than 6,000 pounds from August 15 to Septem- 

ber 15. On November 15, the holdings amounted to 1,308,423 pounds, 

which was 11.2 per cent less than the stocks of the same date in 1917. 
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TABLE 24.— Monthly cold storage holdings of frozen butterfish during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

: of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
USERS Sas ha Ba ree a 875,585 66.9 — 359,725 — 41.1 
ge lyrurcaryyee aes oo ok Chee are Sea i ee Tad ee 515,860 39.4 — 295,692 — 57.3 
IMinchpeeeeere ren re oe eg ee Le te 220,168 16.8 — 123,055 — 55.9 
ANA ese Se 55 5 a ee ce ee ans 97,113 7.4 + 58,577 + 60.3 
Wyler el Aa BE SR a a eRe 155,690 11.9 +208,586 +134.0 
Lore ies. 5 Se eee eee 364,276 27.8 + 528,270 +145.0 
Linky. 22 eee ere enteress 892,546 68.2 +363,351 + 40.7 
GUS. S38. 5 SS a a re ae 1,255,897 96.0 — 5,616 —- 0.4 
Depleniber eer ee OS ee 1,250,281 95.6 + 20,765 + 1.7 
Qetoher= ee ee ee 1,271,046 97.1 + 37,377 + 2.9 
November eres oe ee ee ee 1,308,423 100.0 — 154,366 — 11.8 
Wecember sewer se ole ee ee ee 1,154,057 88.2 — 241,963 — 21.0 

TABLE 25.—Monthly cold. storage holdings of frozen butterfish during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with-1917. 

Month. ; Holdings | Storages Increase 
Storages reported reporting 1917. 1918 or 
reporting.| on fifteenth | for both c tlecrease 

of month. dates. i 

Number Pounds Number. Pounds Pounds Per cent 
48 875,585 40 867,268 596,422 —31.2 
49 515,860 41 271,259 112,126 — 58.7 
51 220,168 40 232,270 158,531 — 31.7 
50 97,113 40 75,665 66,889 —11.6 
34 155,690 26 34,054 62,088 +82.3 
21 364,276 15 580,132 113,996 —80.3 
28 892,546 22 1,087,877 639,344 —41.2 

PNupustl ss ee eh 33 1,255,897 27 1,166,258 798,355 —31.5 
September___________-__- 33 1,250,281 27 1,142,620 732,324 — 35.9 
October) ae ee 2s : 35 1,271,046 33 1,419,388 1,083,329 — 23.7 
November_____________-- 38 1,308,423 37 1,471,552 1,306,723 —11.2 
December _____________-- 41 1,154,057 40 1,126,925 1,153,843 + 2.4 

CISCOES. 

These “are one of the lesser white fishes found in the Great Lakes 
and neighboring waters. Other names are ‘lake herring’ and ‘Michigan 
herring.’ The usual length is a little more than 12 inches. It belongs 
to the salmon family. The name is also applied to a related species 
of less economic importance.” 

On January 15, 1918, the reports of the Bureau showed stocks of 
7,291,759 pounds of frozen ciscoes in cold storage. A comparatively 

small number of warehouses reported their holdings for both 1918 
and 1917, but their reports indicate that the stocks were 178.8 per 
cent greater-than those of the previous year. The holdings decreased 
until June 15, when 1,307,078 pounds remained in cold storage. From 

July 15 to September 15 the holdings were increased by more than 
3,000,000 pounds. An increase of 1,826,940 pounds was also shown 

during the period from November 15 to December 15. By December 
15 the stocks amounted to 6,010,152 pounds, 
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TABLE 26. eer cold storage holdings of frozen ciscoes during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

: of month. | ‘age. during month. 

Pounds. Per cent. Pounds. Per cent. 
UTTAR aa SS eR ee 7,291,759 100.0 — 2,812,503 — 38.6 
February_______ pa ee ae ye 4,479,256 61.4 — 1,665,005 — 37.2 
hiked he OS eee es eens eee 2,814,251 38.6 — 590,085 — 21.0 
ENT Se Rn 2,224,166 30.5 — 469,042 — 21.1 
TOP a IE ed 1,755,124 24.1 — 448,046 — 25.5 
CRG. =~ eS eee ee 1,307,078 17.9 +.- 91,868 + 0 
djl Se Pere Ae en eee a es oe Sear ae 1,398,946 19.2 +1,756,855 +125.6 
L Wr6tie so. Ls. Be ee ee 3,155,801 43.3 +1,334,688 + 42.3 
Seplemberwee meee ee 4,490,489 61.6 — 638,014 — 14.2 
Cai pp. = Se a 3,852,475 52.8 + 330,737 + 86 
Wovemibbertemen pte 0 teen t 4,183,212 57.4 +1,826,940 + 43.7 
ecemberseees ere 6,010,152 82.4 — 915,344 — 15.2 

TABLE 27. —Monthly cold storage holdings of frozen ciscoes during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Holdings | Storages 
oh Storages reported reporting 1917 1918 Inerease 

reporting.| on fifteenth | for both , a ARGREARD 
of month. dates. : 

2 Numiber. Pounds. Number. Pounds. Pounds. Per cent. 
RRanarye= sae Aone. 28 58 69 4}: ” 7,291,759 48 1,824,299 5,086,286 | + 178.8 
Webruary ce). 69 4,479,256 49 488,827 1,926,919 | + 294.2 
March. ¢ 22-22. _ 2: ee ee 69 2,814,251 533 || © 486,093 2,007,479 | + 313.0 
LCi oes Res 2 NS oe ees 65 2,224,166 51 228,979 1,488,695 | + 550.1 
Whey ee Po 47°}. 1,755,124 34 64,688 1,216,798 | +1781.0 
dune’ ==. Saeeey | ee ae 43 | 1,307,078 30 172,992 770,497 | + 345.4 
fly: 22) Bienes Syent _ pvt 44.|~ 1,393,946 32 261,990 1,054,768 | + 302.6 
VNC 0 ree 49 | 3,155,801 37 1,018,432 2,699,256 | + 165.0 
September{= @ - 2222-224 54 4,490,489 41 2,860,274 3,890,162 | + 36.0 
October_________ a ee a3 54 3,852,475 46 4,275,436 3,624,374 | — 15.2 
November_3__ 2 _____ = 59 4,183,212 57 5,837,282 4,067,123 | — 30.3 

— 37.4 December —_ - = _ __ = ee 63 6,010,152 61 9,455,063 5,917,686 

COD, HAKE, POLLACK, HADDOCK. 

The cod is “one of the most important food fishes in the United 
States. It is caught most extensively along the coasts of the Middle 

States, New England and British America. It varies in weight from 
3 to 75 pounds. It is caught with hand lines, trawls, nets, etc., and 
is sold fresh, pickled, salted, and dried.” The reports of the Bureau 

of Markets deal only with the quantity that is frozen. With this 

variety of fish the reports also mclude the stocks of hake, pollack, and 

haddock that are frozen. ‘“The so-called hakes are not hakes, but 
are food fish found on the Atlantic Coast from Newfoundland to 

Cape Hatteras. The different species are known as ‘old English hake,’ 

‘squirrel hake,’ ‘white hake,’ ‘king hake,’ ‘codling,’ etc. They are 
often prepared under the trade name of boneless fish. They average 
from 11% to 2 feet in length and 3 to 8 pounds in weight, and are 

caught near muddy bottoms with trawls and hand lines and in weirs 
and traps.” 
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Pollack is ‘‘a food fish found mainly off the New England coast. 
It sometimes occurs as far south as Virginia. The average weight 
is about 10 pounds.” 

‘The haddock is “a food fish found in the Atlantic north of the 

Delaware capes and is called ‘dickie’ in some localities. It averages 
in weight from 4 to 6 pounds. It is extensively caught for a fresh 

food fish and is also salted, pickled, and dried. When slack-salted 

and smoked, it is sold under the name of ‘haddie.’”’ 

The reports received for January 15 showed stocks of 2,488,872 

pounds. The holdings increased until November 15, when the reports 
showed holdings of 7,509,512 pounds. This was 77.3 per cent more 
than was held on the same date in 1917. The quantity of these 
varieties of fish that was frozen during 1918 amounted to more than 

15 per cent of the total fish frozen during the year. 

TABLE 28.—Monthly cold storage holdings of frozen cod, hake, pollack, and haddock 

during 1918, and increase or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
AR AATAUN ANN eee epg) LEE 8 Ts 8 2,488,872 33.1 — 935,052 — 37.6 
Hebriiany mere = 2 ry wimme: Le ee 1,553,820 20.7 — 269,216 —17.3 
Niarchmeteeeme «coo ticaiea ER 5 1,284,604 ile/eil + 306,085 +23.8 
Pa npeyisd Lee eh 3 AG hoy I a 1,590,689 21.2 + 859,900 + 54.1 
TY Leg ea eh aS a 2,450,589 32.6 + 954,365 +38.9 
urie ees = eee ee a 8 3,404,954 45.3 + 502,747 +14.8 
URS Se 5 ER 2 iS Sy eS ee 3,907,701 52.0 + 785,297 + 20.1 
ANI SUS mom See es a ee A 4,692,998 62.5 + 321,458 + 6.8 
Septembereee ese ae ed 2 eee 5,014,456 66.8 + 279,705 + 5.6 
Wetohnenrs eee ey LS pS 5,294,161 70.5 + 2,215,351 +41.8 
INGvemberseee oj ceeee po Ce ae 7,509,512 100.0 — 504,768 — 6.7 
Mecembersaas seeker Fhe eh a es 7,004,744 93.3 — 385,737 — 5.5 

TaBLeE 29.—Monthly cold storage holdings of frozen cod, hake, pollack, and haddock 

during 1918 compared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Holdings Storages 
ATR Storages reported reproting 1917 1918 Increase 

reporting.| on fifteenth | for both i r dearense 
of month. dates. q 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Rang acy see Se oe 89 2,488,872 71 1,189,234 1,815,041 + 52.6 
Rebruarye = = sae 101 1,553,820 80 556,647 639,757 + 14.9 
Wiarchigee ee ne bs Me 2k 105 1,284,604 85 482,010 780,898 + 62.0 
EN SS es Ee ee cee 107 1,590,689 88 666,334 1,279,577 + 92.0 
Viana Seas Ses Se 85 ee 85 2,450,589 71 1,104,220 2,074,973 + 87.9 
Munewee eee Sa Ly ie ee 84 3,404,954 70 1,993,803 2,553,971 + 28.1 
lye ee Se 91 3,907,701 75 2,292,478 3,286,513 + 43.4 
Ainge ee ee es 94 4,692,998 78 1,373,992 3,978,977 +189.6 
September... ees 2 es 90 5,014,456 72 1,826,221 4,253,596 +132.9 
October= 20s Soe 2e4 91 5,294,161 83 2,972,331 4,958,035 + 66.8 
November_______________ 99 7,509,512 94 3,778,260 6,700,370 + 77.3 
December--__-__-___---- 105 7,004,744 102 4,503,718 6,666,832 + 48.0 
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“a food fish found mostly in the South, but sometimes 

caught as far north as New York. Local names are ‘crocus’ and 
‘ronco.’ 

caught in the Gulf with hand lines and seines.” 
It averages about 10 inches in length. Large quantities are 

On J anuary 15, 1918, there were 274,333 pounds of frozen croakers 

in cold storage. The holdings decreased until April 15 and amounted 
' to a little more than 50,000 pounds on that date. From the fifteenth 

of April to the fifteenth of June the holdings increased 1,064,909 

pounds and by August 15 there were 1,209,305 pounds on hand. The 

The holdings 

of August 15 were 64.5 per cent greater than on the same date in 1917. 

stocks gradually decreased for the rest of the year. 

TaBLE 30.—Monthly cold storage holdings of frozen croakers during 1918, and increase 

or decrease during each month. 

Month. 

Se Ss ose SSeS Se eS Se SS ee See 

Holdings Relative - 
on fifteenth | percent- Increase or decrease 
of month. age. during month. 

Pounds. Per cent Pounds. Per cent. 
274,333 22.7 —112,498 |} — 41.0 
161,835 13.4 —105,411 — . 65:1 
56,424 4.7 — 5,278 |} — 9.4 
51,146 4.2 +517,819 | +1012:4 

568,965 47.0 +547,090 | + 96:2 
1,116,055 92.3 + 27,067 | + 2.4 
1,143,122 94.5 + 66,183’ } ++ 5:8 
1,209,305 100.0 —129,443 | — 10.7 
1,079,862 89.3 — 37,155 | — 3.4 
1,042,707 86.2 — 36,669 | — 3.5 
1,006,038 83.2 — 42,200 |} — 4.2 
963,838 79.7 —245,138 | — 25.4 

TABLE 3l. SS puny cold storage holdings of frozen croakers during 1918 compared 

with those of 1917. 

Reported fer 1918. | Comparison with 1917. 

Month. 5 Holdings | Storages 
ks Storages reported reporting 1917 

reporting.| on fifteenth | for both ‘ 
of month. dates... 

Number Pounds. Number. Pounds. 
VATU ARYA ee Wii 23 | - 274,333 18 213,356 
Rebruary. 82 wes oo 23 161,835 17 90,967 

RCH E eee ee ee 24 56,424 17 12,703 
JN Cyl Res See See Ri eee a Be 20 51,146 14 17,556 
TViteay eee ee Ee a. 21 568,965 16 173,749 
AJ St GIL Ss ec a ‘19 1,116,055 - 13 174,793 
dy Ryne coe Sh Bee ee ee Bs 20 1,143,122 15 164,634 
/\ TES ek Si esi es ae 22 1,209,305 17 324,652 
September_______-_____=_ 21 1,079,862 17 218,120 
October st 22 se uns Orr 19 1,042,707 “16 330,175 

20 1,006,038 18 517,761 
22 963,838 22 425,660' 

Increase 
1918. or 

decrease. 

Pounds. Per cent. 
139,917 — 34.4 
68,533 — 24.7 
44,868 +253.2 
26,568 + 51.3 

247,855 + 42.7 
484,348 +177.1 
517,939 +214.6 
534,002 + 64.5 
481,529 +120.8 

_ 775,590 +134.9 
981,695 + 89.6 
963,838 +126.4 
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HALIBUT. 

This is “‘the largest and most valuable of the flat fishes and is found 
both in the North Atlantic and Pacific Oceans. It is one of the 

largest species used for food, sometimes weighing over 300 pounds. 

The average weight is from 50 to 75 pounds. It is caught with trawls 
and hand lines. There are three grades of halibut, the ‘white,’ which 

has its underside immaculate, is considered the best and brings the 

highest price; the ‘gray’ is blotched on the underside and sells for a 
third less; the ‘sour’ is tainted and brings only about a fourth as 

much as the ‘white.’ Small young fish weighing from 10 to 20 pounds 
are called ‘chickens’ and are greatly sought after by epicures.”’ 

On January 1, 1918, the stocks of frozen halibut amounted to 

5,293,936 pounds and the holdings decreased to a little less than 

2,000,000 pounds on April 15. The holdings then increased until 
September 15, when 11,946,117 pounds were reported. This amount 
was approximately 36.5 per cent more than the quantity stored the 
previous year. 

TABLE 32.—Monthly cold storage holdings of frozen halibut during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

Otnontht age. during month. 

Pounds. Per cent. Pounds. Per cent. 
AI UAUU ES VN ee, Se ae 5,293,936 44.3 — 2,444,298 — 46.2 
IRE DEWAR yee cme Utes SLE ye. OSE. Bey 2,849,638 23.9 — 876,641 — 30.8 
TW AE) Ee SI Vs i URS a a ree 1,972,997 16.5 — 39,141 — 2.0 
LNT O ODS Sees TE SS ARE A Ie Oa eae eae ea 1,933,856 16.2 + 895,455 + 46.3 
Vi asy eee ere ene ene hE Sick 2 ee eink eS 2,829,311 PBC +2,855,510 +100.9 
UTE ae ee eee nea. WE Be ee ee | Beles 5,684,821 47.6 +1,686,841 + 29.7 
BU cr iy eee tee as peat AIM oie ee ear ae 7,371,662 61.7 + 3,165,205 + 42,9 
TaN CEREUS] Bo Oe ES NRE TES es a de a ae ae 10,536,867 88.2 +1,409,250 + 13.4 
September 2555. oue asd a ee ee 11,946,117 100.0 — 216,345 — 1.8 
MEO bers a (9 Bee 2 Se eles a SB 11,729,772 98.2 — 127,396 = 11 
INOverbersa eran) TUN TOUR. NANT Met iis 11,602,376 97.1 — 1,301,675 — 11.2 
December see cian oO) CT RUT ST ae 10,300,701 86.2 — 2,409,360 — 23.4 

TaBiLe 33.—Monthly cold storage holdings of frozen halibut during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. ° 1918 lou 
reporting.| on fifteenth | for both i decconced 

of month. dates. é 

‘ Number. Pounds. Number. Pounds. Pounds. Per cent. 
PU EATNUM ATA 2 OR a ve 105 5,293,936 85 4,118,337 4,086,373 — 0.8 

maebruaryas 222 soe ee 110 2,849,638 87 1,144,144 1,872,553 +63.7 
Wig] o) se tees Si RR Cee is 113 1,972,997 89 1,003,764 1,000,077 .— 0.4 
Nprileesce nih 2 cas ee 109 1,933,856 89 1,156,983 1,195,219 + 3.3 
Via eee ae att eit Shc ah 90. 2,829,311 72 2,458,513 2,363,115 — 3.9 
Tunetes Se he we Ae 79 5,684,821 59 3,535,529 5,183,009 +46.6 
cL Sec sp|  Srya e ee 81 7,371,662 62 4,611,518 5,707,822 +23.8 
Nuesteue oe. Sera 2) 87 10,536,867 68 5,971,371 7,958,357 +33.3 
September_______________ 78 11,946,117 60 6,749,648 9,213,890 +36.5 
October" h one es eee. §2 11,729,772 70 6,792,095 9,141,854 +34.6 
November_________------ 88 11,602,376 80 8,544,995 10,973,624 +28.4 
December -___-___-_-_-_-- 97 10,300,701 93 6,409,143 9,919,130 +54.8 
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HERRING. 

This is ‘‘a very important food fish found in the North Atlantic as 
far south as Sandy Hook. It is never found in brackish or fresh 
water. ‘Sperling’ or ‘brit’ denote the differences in the age of the 
fish- They weigh from one-half to one pound, the average length 
being 10 inches. They are caught in pounds, traps, weirs, and gill 
nets, and by ‘torching.’ As a food fish they are used fresh, salted, 
pickled, smoked, and canned. They are also used extensively for 
bait in the cod, haddock, halibut, and hake fisheries.”’ 

With the herring are included alewives and bluebacks. The ale- 
wives “‘are found in waters adjacent to the sea. They are known 
along the Potomac as ‘branch herring’ ; on the Albemarle, the ‘big- 
eyed’ and ‘wall-eyed’ herring; in North Carolina, the ‘alewife’; and 
in Connecticut as ‘ellwife’ and ‘ellwhop.’ It appears in the rivers 
three or four weeks earlier than the ‘glut herring’ or the shad. Another 
species known as alewives is found from the Carolinas to the Gulf of 
Mexico. It is known in the Chesapeake Bay and the Albemarle 
Sound as ‘glut herring’; in the Ogeechee River as ‘English herring’; 
in the St. Johns River as ‘herring’; and in Massachusetts and during 
later runs in the Rappahannock as the ‘blueback.’ It is also known as 
‘black-belly,’ “saw-belly,’ and ‘kyack.’ It is less abundant than the 
other species and much less valuable as a food fish. Both species 
average about one-half pound in weight and 8 to 10 inches in length. 
They are caught in nets, seines, weirs, etc., and are of very great 
importance as a food fish.” 

The monthly reports from January 1 to April, inclusive, showed 
very small stocks of the frozen herring, varying from almost 6,000,000 
pounds on January 15 to less than 2,000,000 on April 15. The greatest. 
increase occurred from April 15 to July 15, amounting to more than 
14,000,000 pounds. By August 15 there were 16,896,289 pounds 
frozen and in cold storage, which amount was almost one and one-half 
times greater than on the same date of the previous year. By Decem- 
ber 15 the holdings had decreased only slightly and amounted to 
almost 16,000,000 pounds. 

TaBLE 34.— Monthly cold storage holdings of frozen herring during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
SATAY =e Shep er Sata Ee ee SE 5,891,359 34.9 — 2,276,179 |— 38.6 
Bebruacyas a ee eS be SE I eS ee 3,615,180 21.4 — 1,430,475 |— 39.6 
Wiarchesse 2a oa ree ee eR Be a Ord a ae 2,184,705 12.9 — 373,622 |— 17.1 
PATO Yey A rene eG SAD iS Le eo a! 1,811,083 10.7 +3,428,890 |+189.3 
Vay eee Pe Pe 8 ee Sey a 5,289,973 31.0 +7,295,186 |+139.2 
tine eae eS Rae Ses SES alge SU 2S TK Sue 12,535,159 74.2 +3,640,665 |+ 29.0 
ATTN nse ee aie Bie ER a eae Se 2 A 16,175,824 95.7 + 720,465 |+ 4.5 
PAY EUS Ee een 2 Buea Leones | NS es Lane 16,896,289 100.0 — 560,920 |— 3.3 
September see ee Sat We Pi ge See 16,335,369 96.7 — 549,432 |— 3.4 
cheater eres ee Da at seen Maps Sota eh aD) 15,785,937 93.4 — 1,363 |— 0.009 
November sete a eee ae a eh es 15,784,574 93.4 + 145,177 |+ 0.9 
December sana tas 2 eee ae Se os 15,929,751 94.3 — 3,129,653 |— 19.6 
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TasLeE 35.—Monthly cold storage holdings of frozen herring during 1918 compared 

with those of 1917. 

es 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages _ | Increase 
Storages reported reporting 1917 1918 or 
reporting.| on fifteenth | for both : : decease 

of month. dates. 

Number. Pounds. Numeber. Pounds. Pounds. Per cent. 
January oo 2252 0. 2 Se 106 5,891,359 85 6,749,138 5,035,037 — 25.4 
Hebruaryee = 2 = ee 111 3,615,180 87 3,293,540 2,357,386 — 28.4 
Vi arc ees aaa = ee 114 2,184,705 91 1,892,239 1,771,838 — 64 
PA ralemeere = Se aes 2 Je 108 1,811,083 92 1,160,329 1,450,814 + 25.0 
VTi Siem east os OSL 91 5,239,973 74 3,689,386 4,987,126 + 35.2 
AATWR YS el aS oe ire Se 81 12,535,159 63 5,901,584 12,196,421 +106.7 
igi bas es eee 86 16,175,824 69 6,629,423 15,660,226 +136.2 
ANV ETRE Se Oe eee ae 84 16,896,289 68 6,231,331 15,383,918 +146.9 
September_____________-_- 76 16,335,369 61 5,955,136 14,082,451 +136.5 
Octobers= 2222 s_ ees 78 15,785,937 72 7,456,256 15,582,462 +109.0 
November_-________-__--- 84 15,784,574 81 7,427,127 16,063,135 +116.3 
December -_-~_-_--_------- 89 15,929,751 86 7,848,532 15,288,351 + 94.8 

LAKE TROUT. 

“The trout is found in the Great Lakes and in the smaller lakes 

of the Northern States. In different localities the individuals vary 
greatly in color, size and shape, and are known by the local names 

‘salmon trout,’ ‘namaycush,’ ‘togue,’ ‘tuladi,’ ‘Mackinaw trout,’ ‘lake 

salmon,’ ‘black trout,’ ‘reef trout,’ ‘longe,’ etc. The ‘siscowet’ is 

another variety of this species.” 

On January 15, 1918, 666,706 pounds of the lake trout still remained 

-in cold storage from the catch of the previous season. The stocks 

declined until April 15, when less than 200,000 pounds remained. The 
holdings then increased monthly, except for a slight decrease between 

August 15 and September 15, until November 15, when reports showed 

1,660,112 pounds. This was 28.3 per cent more than was stored on 

the same date in 1917. 

TABLE 36.—Monthly cold storage holdings of frozen lake trout during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- | Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
RUA er ATV ee Sie ter Ne ae ee aay NS Ee Lele EO 666,706 40.2 — 396,327 —59.4 
1 BXCES Of CEES Ya ea ae I pS a sg 270,379 16.3 — 38,705 —14.3 
Ware hyarcus Sees (oe ee Ue a aE ee a 231,674 14.0 — 35,196 —15.2 
PROTA Le eee tk es ap a APN hee See RL ON Pe A fs 196,478 11.8 + 72,907 +37.1 
EU easy ere CNET Se Ee ah RE RD 269,385 16.2 + 73,034 +27.1 
LITT I es Pa eA eee LA a NO ee 342,419 20.6 +109,618 +32.0 
Tuk y ey Re en ee SE ak eRe er ae DE 452,037 27.2 +121,078 +26.8 
ENTS a EN eit rn Ey OO RB Se 573,115 34.5 — 22,227 — 3.9 
Séptemberseeig i veire | aie se eat 2 550,888 33.2 +400,758 +72.7 
October oun ees Se Ce Nee 951,646 7/33 +708,466 +74.4 
Novem berets nee ae aE) Asn eS Te 1,660,112 100.0 — 108,847 — 6.6 
Mecemberse38 Sa Soe be Ae See 1,551,265 93.4 — 350,485 —22.6 
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TABLE 37.—Monthly cold storage holdings of frozen lake trout during 1918 compared 

with those of 1917. 

} Reported for 1918. Comparison with 1917. 

Month. Holdings « | Storages Increase 
Storages reported reporting 1917 1918 ~ 
reporting.| on fifteenth | for both i ‘ decreases 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
January@ soe So eS 69 666,706 48 392,008 275,674 — 29.7 
Hebruanye= ooo. = 2 ee 65 270,379 49 152,750 106,707 — 30.1 
War chy atts feces 68 231,674 53 80,276 135,852 | ~+ 69.2 
PANTS eects Micra oye, 6a! = Sma 65 196,478 53 43,403 95,662 +120.4 
May---_----_ 1c es TE . 44 269,385 35 120,386 153,511 + 27.5 
JUNE! a= eee ae . 44 342,419 36 138,804 182,030 + 31.1 
Url Sp See | ree fe 51 | w.. 452,037 43 195,618 255,119 + 30.4 
Augusta 25) yer oe 54 |° 573,115 46 218,329 288,822 + 3213 
September___--______-_<- 48 |. 550,888 39 202,220 233,170 + 15.3 
October .22 ee. 8 Boe i 02 951,646 47 482,396 937,249 + 94.3 
November___- __-______- - 59 1,660,112 58 1,291,734 1,657,789 + 28.3 
December - _-_-___-_+ BS Sh 62 1,551,265 61 1,049,841 1,551,265 + 47.8 

MACKEREL. 

‘The mackerel is.‘ ‘a very important food fish found in the North 
Atlantic south of Cape Hatteras. They range from 9 to 18 inches 
in length and one-half to 3-pounds in weight. They are sold fresh, 
salted, pickled, and canned and are sometimes used for bait.” Spanish 
mackerel are not included in this classification in the report of the 
Bureau of Markets. 

“The stocks’ of ‘frozen mackerel in cold storage on January 15 
amounted to 2,414,186 pounds. .The holdings decreased until May 
15, when less. than 700,000 ‘pounds were held. The largest decrease 
occurred from January 15 to February 15 and amounted to 635,691 
pounds. The stocks increased from May 15 to October 15, the 
greatest increase occurring: between June 15 and July 15, during 
which time more than 1,000,000 pounds were frozen. On October 
15 the stocks amounted to 4,114,564 pounds, a decrease of almost 
2‘per cent from the holdings of October 15, 1917. The stocks decreased 
more than 500,000 pounds from October 15 to December 15, but 
increased slightly after that date. 
} 

Tape 38. Monthly cold ‘storage. holdings of frozen mackerel during 1918, and 

increase or decrease during each month. 

; “ : -| Holdings Relative : Y 
‘Month: on fifteenth | percent-| Increase or decrease 

f : of month. " age. during month. 

‘i f ‘ Pounds. Per cent. Pounds. Per cent. 
Vanuarys so! oe ye ee Se Ly pe a OS Meh 2,414,186 58.7 — 635,691 — 26.3 
Mebruaryet ao8 0 (2 eee Nae ee Boe eh ks 1,778,495 43.2 — 548,045 — 30.8 
TASs Tee i a RC A 1,230,450 | - 29.9 — 228,713 — 18.6 
Np ce 222 Se phe ee je Ot eee Se 1,001,737 24.3 — 305,083 — 30.5 
AVA ay Eis SSA Ss I My Ae Be a 696,654 16.9 + 835,568 +119.9 
LIE 0 2) ESRI ST i a Ri ee ep ae 1,532,222 37.2 + 1,026,433 + 67.0 
ART Lye eas ee pes my ena rn ey i--4--5| + 2,558,655 62.2 + 784,238 + 30.7 
ING GTS Ree OO LU Te Yo Tee) 1.3)342'893 81.2 +. 540,308 | + 16.2 
September__-_-____------- sats ena Re eR 3,883,201 94.4 + 231,363 + 6.0 
Octobers eae Ene es oe AU ta ween eee eee wes 4,114,564 100.0 — 329,868 — 8.0 
INO NET Der Seg 27 alo eine Da IRR Se hae 3,784,696 92.0 — 215,320 =) 5 a7 
December sin oM ees Sse Soe ee as Noes 3,569,376 86.7 + 305,217 + 8.6 
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TaBLE 39.—Monthly cold storage holdings of frozen mackerel during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 or 
teporting.| on fifteenth | for both e decrease: 

of month. dates. ; 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Wanuarye eee Lae 84 2,414,186 69 1,653,800 1,825,314 |. +10.4 
Hebruary- == 22522225 a5 97 1,778,495 76 937,092 1,171,208 + 25.0 
Miarchmiom: 55821: ae 97 1,230,450 - 78 817,218 1,022,538 +25.1 
Atprilmenne oe Se ee 96 1,001,737 80 714,253 982,230 +37.5 
May een iio 2a oi. ee 73 696,654 58 708,192 598,132 —15.5 
lines oe eat eke. pe 74 1,532,222 61 1,066,870 1,285,367 +20.5 
uy eed ss ee 79 2,558,655 66 1,583,291 2,090,355 +32.0 
MUS UISb as 2} yn en. eee 82 3,342,893 68 2,110,405 2,652,354 +25.7 
September_______________ 8&3 3,883,201 67 2,340,776 2,986,302 +27.6 
Octohern#2_ 222) ee. 5aF 89 4,114,564 79 3,657,805 3,595,812 — 1.7 
November______________- 95 3,784,696 88 4,036,607 3,631,292 —10.0 
December- ______________ 88 3,569,376 85 3,102,732 3,568,216 +15.0 

ROCK FISHES. __ 

“These fish are caught in enormous quantities on the Pacific Coast, 
especially from Santa Barbara to San Francisco. There are a large 

number of species, known to the fishermen as ‘priest fish,’ ‘rock cod,’ 
and ‘rockfish’ with many qualifying prefixes, as ‘black,’ “‘black-banded,’ 
‘brown,’ ‘grass,’ ‘green, ‘orange, ‘red,’ ‘yellow,’ “yellow-backed,’ 
‘yellow-tail,’ etc.; also called ‘garrupa,’ ‘grouper,’ ‘scorpene,’ ‘sculpin,’ 
‘scorpion,’ “treefish,’ ‘flyfish,’ ‘corsair,’ ‘Spanish flag,’ ‘reina,’ ‘black- 

bass,’ ‘jack,’ ‘tomcod,’ ‘boccaccio,’ etc. They average 15 inches in 

length and 2 to 3 pounds in weight, but some reach a length of 3 feet 

and a weight of 12 pounds. They are caught in seines and with hook 
and line.”’ 

On January 15, 1918, there were only 51,480 pounds of rock fishes 

in cold storage. The stocks increased each month until September 

15, when the reports showed holdings of 510,477 pounds. This 
stock was 105.5 per cent greater than the stock on hand Septem- 

ber 15, 1917. 

TaBLE 40.—Monthly cold storage holdings of frozen rock fishes during 1918, and 

increase or decrease during each month. 

Holdings Relative ; 
Month. on fifteenth | percent- Increase or decrease 

otanionthe age. during month. 

if Pounds. Per cent. Pounds. Per cent. 
AURA ATV es ree eo A ER re lag SR 51,480 10.1 + 56,070 +108.9 
LG urea oy Se sss eh eS ad Re Be ee 107,550 21.1 + 9,737 + 9.1 
DOE eae Tp ore AE SR PS A ee TS A 117,287 23.0 + 6,467 + 5.5 
JNO a lean ae ee (ISSR Bi ZAR VE NIN as 2h 123,754 24.2 + 58,898 + 47.6 
TANG Dee SRS a ae OL Re a Ve 182,652 35.8 + 150,396 + 82.3 
TIEN Su Mw ST TO 2 a Se aN A I 333,048 65.2 + 38,211 + 11.5 
Bua hy es ss me I a ee Ri 0 371,259 U2 + 84,302 + 22.7 
LeNS TG TASS a Aw RM A ES EO TR A Se 455,561 89.2 + 54,916 + 12.1 
Septem bers. 2 ater: | CME | ONE EE PS 510,477 100.0 — 42,030 — 8.2 
Octobert eww EA een PO US I 468,447 91.8 ‘— 47,860 — 10.2 
Novem ber sae ee we ee SBE a eater eee 420,587 82.4 + 52,613 + 12.5 
December _-____________---_- ae PRR ENO r eee 473,200 92.7 — 161,212 — 34.1 
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TaBLeE 41.—Monthly cold storage holdings of frozen rock fishes during 1918 compared 
with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 ~ 
reporting.| on fifteenth | for both 5 ¢ GERD. 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
15 51,480 14 392 30,215 | +7607:9 
24 107,550 18 530 32,539 | +6039:4 
24 117,287 20 14,826 70,928 | + 378.4 
24 123,754 20 31,724 105,777 | + 233.4 
23 182,652 20 84,091 169,229 | + 101.2 

. 20 333,048 17 103,930 274,903 | + 164.5 
y 22 371,259 18 203,887 331,848 | + 62.8 

August ___ sie ee See oe ee 25 455,561 21 169,194 425,468 | + 151.5 
September____--_________ 20 510,477 14 155,793 320,168 | + 105.5 
October cll to 9 OO (a 17 468,447 15 117,872 454,511 | + 285.6 
November ay bal en © Eee 19 420,587 W?/ 131,289 407,291 |.+ 210.2 
December PS ee ae eee 23 473,200 21 130,014 468,995 | + 260.7 

+ 

SABLEFISH (BLACK COD). 

From J eran 15 to April 15, 1918, the holdings of frozen sablefish 
They then in- 

creased monthly until October 15, when the holdings were 3,878,725 
decreased from 941,658 pounds to 122,425 pounds. 

pounds. : 
held on October 15, 1917. 
reduced 694,142 pounds. 

TABLE 42. —Monthly cold storage holdings of frozen sablefish during 1918, and increase 
' or decrease during each month. 

This amount was 180.6 per cent greater than the stocks 
By December 15 the stocks had been 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent Pounds. Per cent. 
LTT Nis 2 a 941,658 24.3 — 511,210 — 54.3 
Hebruaiy meat ee Seem SUA Tt ST aC oh 430,448 11.1 — 238,424 — 55.4 
Merchipeetmmers isis UL Ieo SILK eo 192,024 5.0 — 69,599 | — 36.2 
Aree eee ener SL Ee PG RET el ce 122,425 3.2 + 111,669 + 91.2 
IW NER ye ye eS ad Mera a 2 LC a a a ey cool 234,094 6.0 + 681,855 +291.3 
UOTG acess. oe EAE eRe es eee 915,949 23.6 +402,461 + 43.9 
pu Uy peer eee ieee NEG REIS a So 1,318,410 34.0 +981,451 | + 74.4 
PTS G2 espe” LR Se pp ae SONS RE at cee 2,299,861 59.3 +915,240 + 39.8 

Septembensencm omen UD aa TT ay a 3,215,101 82.9 + 663,624 + 20.6 
October Seeee ee! Wer a pet nike WAR af hop Ee ae 3,878,725 100.0 — 360,194 = Be 
INovemibersmines feniaee Sirs? kOe Nadel 3,518,531 90.7 — 333,948 9.5 
December eres eee. ne ey tige losis oy Si 3,184,583 82.1 — 373,644 = 11.7 

TABLE aes 
with Tete of 1917. 

Reported for 1918. Comparison with 1917. 

Month. - pe Holdings | Storages Increase 
Storages reported reporting 1917. ~ 1918 on 
reporting.| on fifteenth | for both Tae o 5 Mecnense 

] of month. dates. j i 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Wanuarys: 22 segt ent N. JEe 46 941,658 41 642,353 ‘837,788 + 54.5 
Iebruary: 24302 i ee » 56 . 430,448 45 341;991 367,211 +. 7.4 
March poy NP aA a 57 192,024 | 47 95,573 176,983 + 85.2 
LN Crete ES Oe Mea Dee ee eae 56 122,425 47 100,131 113,872 Sf S27 

EN fe ee lal a 43 234,094 36 121,842 225,955 + 85.4 
Sunes. 22 Uae Soe EN 37 915,949 30 657,145 905,993 = 37.9 
QUES eee 40 1,318,410 34 1,154,987 914,917 — 20.8 
PA Usb e OD Bae 41 2,299,861 34 1,646,857 1,643,295 — 0.2 
September_______________ 37 3,215,101 28 1,668,238 2,319,802 + 39.1 
Octobers= 22322 22s 40 3,878,725 36 1,195,581 3,354,524 +180.6 
November ______________ 44 3,518,531 42 1,456,023 3,345,769 +129.8 
December_______________ 46 3,184,583 46 1,830,063 3,184,583 + 74.0 
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SALMON. 

The bureau’s reports show separate holdings for “fall salmon’’ and 

“silver salmon.” All other salmon, including sockeye, chinook, steel- 

head trout, etc., are grouped together. 

The largest stocks of fall salmon were held in cold storage on 
November 15 and amounted to 2,515,056 pounds, a decrease of almost 

10 per cent from the stocks held in 1917. The stocks reached their 

lowest point on August 15, when the reports showed 452,113 pounds. 

On December 15 the reports showed holdings of 2,401,313 pounds 
of silver salmon. This was more than double the stocks held on the 

same date in 1917. The lowest holdings were reported on June 15 
and amounted to 238,965 pounds. 

The stocks of miscellaneous salmon on January 15 amounted to 

952,045 pounds. The holdings decreased to 436,528 pounds on April 
15, then increased until September 15. The stocks on that date were 

4,983,197 pounds, an increase of 104.5 per cent over those of Septem- 
ber 15, 1917. 

TasiE 44.—Monthly cold storage holdings of frozen fall salmon during 1918, and 

increase or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. |’ during month. 

Pounds. Per cent. Pounds. Per cent. 
1,825,755 72.6 — 484,748 — 26.6 
1,341,007 53.3 — 3,327 — 0.2 
1,337,680 53.2 » —425,699 —31.8 
911,981 36.3 — 369,353 — 40.5 
542,628 21.6 — 74,321 —13.7 
468,307 18.6 + 4,295 + 0.9 
472,602 18.8 — 20,489 — 4.3 
452,113 18.0 +396,628 +87.7 
848,741 33.7 +766,212 +90.3 

1,614,953 64.2 +900,103 + 55.7 
2,515,056 100.0 — 70,168 — 2.8 
2,444,888 97.2 — 125,844 — 5.1 

TaBLe 45.—Monthly cold storage holdings of frozen fall salmon during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 fon 
reporting.| on fifteenth | for both 5 : ecraace 

of month. dates. : 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
86 1,825,755 71 2,086,737 1,448,673 — 30.6 
99 1,341,007 80 792,460 826,926 + 4.3 
98 1,337,680 78 1,058,601 922,609 —12.8 
97 911,981 78 492,838 593,823 +25.5 
76 542,628 61 370,028 307,838 — 16.8 
64 468,307 47 257,784 a2b715 +24.8 
66 472,602 ; 51 255,983 322,109 + 25.8 
67 452,113 52 356,215 331,331 — 7.0 
52 848,741 40 548,058 699,904 +27.7 
63 1,614,953 55 846,570 1,399,857 + 65.4 
68 2,515,056 62 2,554,937 2,309,698 — 9.6 
80 2,444,888 77 1,971,380 2,174,964 +10.3 
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TaBLeE 46.—Monthly cold storage holdings of frozen silver salmon during 1918, and 

increase or decrease during each month. 

Holdings | Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
OER TRUD DEY 9 = oe a oI aL Se a es epg 888,497 37.0 — 268,387 — 30.2 
Rebruarye 2 ot eee (as id pe eae Ee DL 620,110 25.8 — 46,130 — 7.4 
DN LEN ee) wile Br eet RI DM Sa EA Se UTD SEN 573,980 23.9 — 191,411 — 33.3 
Aprile ae cee es bogie heels eSB als aps Se ees es 382,569 15.9 — 126,804 — 33.1 
IA TFT depeche ARE ARE TD aaa Ra a Ue pe Bie 255,765 10.7 — 16,800 — 6.6 
SUNT EE Se ena aD Re et Tee a aby pert RN ER 238,965 10.0 + 197,582 + 82.7 
HED es ee a UR SO a FAL ad Se eT Re 436,547 18.2 + 205,441 + 47.1 
IMI RUSE SNE Ee epg hee eae fae ON eS as 641,988 26.7 — 29,374 — 4.6 
September. 0s See AG Ae ne Gee bee nel 612,614 25.5 +1,020,828 +166.6 
October yey ss 1 ae Naps ari ed) - eye Wenge wie 1,633,442 68.0 + 442,149 + 27.1 
INGyemib er S20 are Se oF es ee ca eae 2,075,591 86.4 + 325,722 + 15.7 
DD ecembers ee oy Sie aE RCIA ie ee ee 2,401,313 100.0 — 23,893 — 1.0 

TaBLe 47.—Monthly cold storage holdings of frozen silver salmon during 1918 com- 

pared with those of 1917. 

Reported for 1918. Comparison with 1917. ¥ 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918. or 
reporting.| on fifteenth | for both idecnonce 

of month. dates. , 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Januarye 2-220 2ee wee ok 63 888,497 54 1,112,889 779,445 — 30.0 
Rebruany2 22223 85 a ad 71 620,110 60 362,952 511,563 + 40.9 
Marches SOM ey 72 573,980 64 577,462 508,760 — 11.9 
Apri ieee at ral ea Been ok 69 382,569 62 459,974 342,175 — 25.6 
IMiaty a2 2k Bae sae oD 49 255,765 42 261,147 232,974 — 10.8 
Puness toh GRO EE EY hed! 39 238,965 33 316,528 218,802 — 30.9 
July2e = oS Sree be et 45 436,547 40 296,091 306,145 + 3.4 
August.) oii Ss Se 46 641,988 40 316,993 605,418 + 91.0 
September______________-_ 41 612,614 36 625,718 519,922 — 16.9 
October ==. Bose ee) eet 44 1,633,442 39 1,173,555 1,422,110 + 21.2 
November__.___________- 55 2,075,591 48 1,024,121 1,724,362 + 68.4 
December ______________- 67 2,401,313 65 1/118,341 2,323,621 +107.5 

TaBLeE 48.—Monthly cold storage holdings of miscellaneous frozen salmon during 1918, 

and increase or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

a? an age. during month. 

; Pounds. Per cent Pounds. Per cent. 
PANU ALY! Ce Sica, We Crcek a re ea Pa eee a aa Lara 952,045 19.1 — 164,380 = i733 
Hebruarye 2) oe. a IGE a eae arch A poy ee a 787,665 15.8 — 93,873 — 11.9 
DAG TE a) ves PNB 5 a ah CO ee LL OIA 693,792 13.9 — 257,264 = Biol 
TAS pore LS = Det UR AT ecRLS eee Reel 436,528 8.8 —. 45,593 — 10.4 
SIV sys RGN Ue YD A ae ae ee erp ae cee 390,935 7.8 + 557,340 +142.6 
SUNN 2s pS erst Ba CAE YE A hc 948,275 19.0 + 834,469 + 88.0 
Diunliye 2) Skee alo Mi I PL OR cepa ee 1,782,744 35.8 +1,187,323 + 66.6 
JENSVY 4005} PS Se ire a Aia at pee NA CA DL aM Coed NS Ds 2,970,067 59.6 + 2,013,130 + 67.8 
peptembers= ayaa eth ee EU i ies eee 4,983,197 100.0 — 356,194 el 
October see ae NLA Tye a TNE TN Be Gas 4,627,003 92.9 — 469,993 — 10.2 
INoyembersee 5 Go os Se Oe Oe ea Ene Spon ene 4,157,010 83.4 + 292,279 + 7.0 
December ke eh Se a a eS ae 4,449,289 89.3 — 197,406 — 4.4 
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Tas LE 49.—Monthly cold storage holdings of miscellaneous frozen salmon during 1918 

compared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 Gr 
reporting.| on fifteenth | for both i 4 dearense 

of month. dates. ‘ 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
AV ATVI Vea Tyas ee eee 65 952,045 53 2,553,580 2,137,615 — 16.3 
HRebruary! 2 see aan ees 67 787,665 56 976,664 740,951 — 24.1 
IWIN e) NEMA sed GOS CE Na 66 693,792 55) 525,457 638,478 =+- 21.5 
PNT oy fd Weak ve eae aR aed 66 436,528 56 388,597 421,704 + 8.5 
May =) iste ee oe eer 55 390,935 46 362,817 279,447 — 23.0 
Gunes sa eae ee Sas 44 948,275 36 461,160 893,342 + 93.7 
Purl yen eee ae Sian es Se 53 1,782,744 44 1,194,129 1,602,545 + 34.2 
ATTY 24 VSR Ey a ye ye ES 55 2,970,067 46 1,320,706 2,688,985 +103.6 
September_______________ 54 4,983,197 42 1,608,215 3,289,317 +104.5 
October’ 3s 2 eet eas 52 4,627,003 46 1,687,833 3,897.882 +130.9 
November 22222552225 55 4,157,010 54 1,730,685 4,777,810 +176.1 
December ___________-__- 60 4,449 289 59 1,265,322 4,449 289 +251.6 

SEA BASS. 

The sea bass is “a food fish found from Vineyard Sound to the 
eastern part of the Gulf of Mexico. It is known south of Cape 
Hatteras as the ‘blackfish’; in the Middle States as ‘black Will,’ 
‘black Harry,’ and ‘hannahills’; about New Bedford and Newport 
as ‘bluefish,’ and at New Bedford also as ‘rock bass.’ The average 
length in New England is about 15 inches, average weight one and 
one-half pounds. In the South they are much smaller, averaging 
about three-fourths of a pound in weight. They are caught with 
hand lines and in pounds and traps. The white sea bass is found 
on the Pacific Coast from Cape Mendocino to San Diego. It is an 
important food fish, and averages 15 pounds in weight. The redfish 
is called ‘sea bass’ in the Carolinas, Florida, and the Gulf.” 

The largest stocks of sea bass reported during the year were held 
on August 15 and amounted to 532,725 pounds. This was 20 per 
cent less than was held on August 15, 1917. The smallest quantity, 
35,845 pounds, was reported on May 15. The greatest increase 
occurred from May 15 to July 15, approximately 500,000 pounds of 
the stocks of the season being frozen at that time. The holdings 
decreased during the remainder of the year and on December 15 
amounted to 293,248 pounds. 

TABLE 50.—Monthly cold storage holdings of frozen sea bass during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
DATA yas SN SL cam eR ae CUM LR 196,627 36.9 — 53,386 — 27.2 
Rebruary: S20) 8 Pee Se ee ihe Ce ae See 143,241 26.9 — 66,292 — 46.3 
Mianchs, 22a Soe ch) Wee. el ee eee ei ieee 76,949 14.4 — 36,473 — 47.4 
Apres BB as IE SCS ae ate a Oa ee 40,476 7.6 — 4,631 — 11.4 
MV Dea yi Se72 Ey ANI TWAS RE Re a ae A Spaee a 35,845 6.7 + 221,602 +618.2 
LNT epee as Sa ORRIN EI, ae eas See OG Se 257,447 48.3 +273,012 +106.0 
Dui liyses Sit SUES Be ely. | LORS Ce | a See 530,459 99.6 + 2,266 + 0.4 
NUT US Gre rae ets Le» RY LAN (OE ee ae 532,725 100.0 — 30,748 — 58 
Septembersan se oe ON Oak Ee ee 501,977 94.2 — 47,691 — 9.5 
WET Oe SSAA el, CIN TT eee 454,286 85.3 — 93,410 — 20.6 
INGVembenuem tye nice ta wh atnks ae loulet eee abet nom 360,876 67.7 — 67,628 — 18.7 
Decembert ee eee ot ieee ie Vanni 2 et as Seance 293,248 55.0 — 52,877 — 18.0 
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TaBLeE 51.—Monthly cold storage holdings of frozen sea bass during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918. an 
reporting.| on fifteenth | for both decrease. 

of month. dates. 

f Number. Pounds. Number. Pounds. Pounds. Per cenl. 
LVI 2 a Ne Be 39 196,627 30 339,383 116,268 — 65.7 
Hebriiaiye sees 42 143,241 31 124,772 53,737 — 56.9 
iil nL ls a 43 76,949 36 146,321 57,543 — 60.7 
yoni ee 2. OR 39 40,476 34 80,534 37,051 — 54.0 
ylang oo 31 35,845 23 48,050 32,648 — 32.1 
Litto <2 Se 29 257,447 22 193,387 200,855 + 3.9 
luis. 34 530,459 26 407,234 387,910 — 4.7 
PO NSt eee a 36 532,725 29 498,664 398,998 — 20.0 
Spier eee! 35 501,977 28 409,755 368,979 — 10.0 
October eee 36 454,286 34 395,925 414,959 + 4.8 
November... - aes 2 Bf 360,876 37 422.872 360,876 — 25.3 
Wecember==-22- =.2=2 - 385 38 293,248 38 402,251 293,248 — 27.1 

SHAD. 

The shad is “a very important food fish found on all the coasts and 

in some inland waters; the great fisheries are in the rivers of the 

Atlantic slope. It is called ‘white shad,’ in distinction from other 

‘shad.’ . The average weight is about 4 pounds, average length about 

2 feet. It is caught in nets, seines and weirs, and is sold fresh, cured, 

and pickled.” 

On January 15. 1918, reports showed stocks of 564,739 pounds of 
frozen shad. The holdings decreased to 289,776 pounds on April 15. 

During the period from April 15 to June 15 the holdings were increased 

by 567,556 pounds. This was 137.6 per cent more than was stored 

on June 15, 1917. The reports of the Bureau of Markets also show 

stocks of shad roe. The report of June 15 showed more than 64,000 
pounds in cold storage. 

TaBLe 52.—Monthly cold storage holdings of frozen shad during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

Ginnanthe age. during month. 

Pounds. Per cent Pounds Per cent. 
lsrirerny ge. Sek Be eee Oe Se Pe ee ee ae ee see 564,739 65.9 — 245,450 — 43.5 
iP Bomiéinye 2 eco ee So Bee oe ee See ees 319,289 SieZ — 15,968 — 5.0 
ranch ae ae Se Pet eR ea 303,321 - 35.4 — 13,545 — 4.5 
Miles epee BO ee ee 289,776 33.8 + 88,557 + 30.6 
Tea ype pe ee eR oe Se ee SS 378,333 44.1 +478,999 +126.6 
gic eee ee ee ek Oe ee Se eee 857,332 100.0 — 76,763 — 9.0 
Aiea liye et Mc gi ee Se 780,569 91.0 — 9,121 — 41.2 
COS = ee Bees sores ee). en! a 771,448 90.0 — 9,018 ee i 
September see | Hae. eS ees _ Se 762,430 88.9 — 2,387 — 0.3 
CORA T) Saye ca a tai lee et Spe 8a 2 760,043 88.7 — 36,857 — 4.8 
Wiveay ern tye Teenie ke Bae eS ES 723,186 84.4 — 89,470 — 12.4 
Weeembereetssaictawe ity 55 wel oe SSS a RE 633,716 73.9 — 182,402 — 28.8 
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TaB LE 53.—Monthly cold storage holdings of frozen shad-during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Holdings 
wake uh. Storages reported 

reporting.| on fifteenth 
of month. 

Number. Pounds. 
LAN UATY see ee a bee cen 63 564,739 
Mebruarye 2252) (203 see 68 319,289 
IY KEN ie) pe ie a ol eI ee 67 303,321- 
Aprilia toe MLS uN iii aes ae 67 289,776 
Miaiy:: 2 eres) Oe Re mensemiscaie 54 378,333 
INES Sahay Sey eR eee 59 857,332 
Opal y es ee aa eer ae seo 65 780,569 
INV EUS Eee eo ore nae ee 70 771,448 
September______________- 64 762,430 
October! Te eae 70 760,043 
November _____-_________ 69 723,186 
December_ ____________-_- 62 633,716 

Storages 
reporting 
for both TEIN 
dates. 

Number. Pounds. 
47 329,971 
51 91,584 
51 134,315 
51 112,455 
42 199,170 
44 389,758 
51 345,002 
56 391,435 
50 362,240 
59 611,133 
62 579,491 
57 627,919 

1918. 

Pounds. 
309,713 
95,247 

193,293 
172,569 
223,921 
926,085 
636,580 
567,958 
559,511 
688,588 
701,564 
624,015 

Increase 
or 

decrease. 

Per cent. 
for) — 

AA 

OI NS Cu UNO 2 Cote OENUHAABUOO b++t+t4444+4 | NH ou 0009 Oe 

“TasBiE 54.— Monthly cold storage holdings of frozen shad roe during 1918, and increase 

or decrease during each month. 

Month. 

Hebruaryee on ji 2 ee 

August 
Septembers2) | Ged | CGR © ASE * ese ei 
October.) See 5 GaN | Ses ae 2 SUN A Eee aN 

Holdings Relative 
on fifteenth | percent- 
of month. age. 

Pounds. Per cent. 
55,124 86.1 
56,505 88.2 
29,455 46.0 
29,1383 45.5 
34,387 53.7 
64,049 100.0 
63,678 99.4 
41,124 64.2 
43,318 67.6 
40,628 63.4 
41,409 64.7 
39,754 62.1 

Increase or decrease 
during month. 

be) is) Sr 

wo o- 8 

SRE ANN OOD ANN S Pytytppttiit DoOwoNwWRaAWOHiON: (ey) 

TasBie 55.—Monthly cold storage holdings of frozen shad roe during 1918 compared 

with those of 1917. 

Migr Storages 
reporting. 

Number. 
Tanuarye ss sae eee eae 53 
February. 2220 2 eet 54 
Miarch SiGe ioe Wee eee 53 
A pri] ee a ea ea 51 
Mi ary 2 ee ee es ae 43 
Sune! OS Ba ae 44 
OU ULy) 2 2) SEE Oe 45 
Aesth Reon i ee Re 42 
September_______________ 37 
October= wars 43 
November__ 48 
December _____________ 45 

Reported for 1918. Comparison with 1917. 

Holdings Storages : 
reported reporting 1917 

on fifteenth | for both i 
of month. dates. r 

Pounds. Number Pounds 
55,124 41 29,548 
56,505 41 8,540 
29,455 42 18,190 
29,133 40 5,454 
34,387 32 8,247 
64,049 32 12,410 
63,678 33 11,076 
41,124 3l 12,283 
43,318 27 12,706 
40,628 37 44,886 
41,409 45 56,209 

43 64,897 39,754 

1918. 

Pounds. 
31,016 
8,293 
8,637 

15,136 
12,683 
23,077 
26.775 
26,488 
23,958 
35,235 
41,319 
39,738 

Increase 
or 

decrease. 

Per cent. 
+ 5.0 
— 29 
— 52.5 
+177.5 
+ 53.8 
+ 86.0 
+141.7 
+115.6 
+ 88.6 
— 21.5 
— 26.5 
— 38.8 
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SMELTS, EULACHON, ETC. 

The smelt is “a very choice food fish found on the Atlantic Coast 
from Virginia to the St. Lawrence and landlocked in many New 
England lakes. Also called ‘American smelt’ and ‘frostfish.’ When 
sent to market unfrozen they are known as ‘green’ smelts. The 
average length is 8 to 10 inches. The Pacific smelt is found from San 
Francisco to Alaska. The surf smelt is found from Monterey to 
Alaska.” 

The Eulachon is ‘‘a small fish common in the rivers and coast of 
the North Pacific. The Indian name ‘oolican’ (hoolakins) is often 
used. The trade name is ‘candlefish.’ On the Columbia River the 
name ‘smelt’ is used. The length averages a little less than 1 foot. 
It is an excellent food fish, and is also of importance for the oil it 
yields, which is used as substitute for cod liver oil.” 

On January 15 the stocks of frozen smelts amounted to a little 
more than 800,000 pounds. They increased until April 15, when 
2,098,022 pounds were reported. The stocks reported for May, June, 
and J uly 15 were somewhat less but increased from July 15 to August 
15. A decrease then occurred monthly until the fifteenth of December. 
The stocks on Apri) 15 were 51.2 per cent greater than those on April 
Topol Ole = 

TaBLeE 56.—Monthly cold storage holdings of frozen smelts during 1918, and increase 

or decrease during each month. 

Holdings | Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. . during month. 

Pounds. Per cent. Pounds. Per cent. 
SLEW aN UT ex yes tc ah AR AG EINE es 807,025 38.5 + 263,925 +32.7 
Me brru aiiy S50 8 are ee SL SRE 1,070,950 51.0 + 646,839 +60.4 
IY LE a wee gage AA A AR OE 1,717,789 81.9 + 380,233 +22.1 
Aprils: Je) Sees Sis Sees Screneh. Ueland Man 2,098,022 100.0 — 209,160 —10.0 
Sate ys ee EST EL a SIS IS SIS 1,888,862 90.0 + 74,784 + 4.0 
ee yp i SM Gp eR 1,963,646 93.6 — 30,213 — 1.5 
BLICI I een SS a ee Rs Sr i lel 1,933,433 92.2 +144,426 + 7.5 
(AS eras Gea EE DS Fag Re ica 2,077,859 99.0 — 213,745 — 10.3 
September 20s Pas te) Ga ae a See Ne 1,864,114 88.9 — 23,485 — 1.3 
October 52 PeSags oes oI ere aa ES 1,840,629 || 87.7 — 65,549 — 3.6 
November 220 Sai ee Sas i ene sa 1,775,080 84.6 — 333,185 —18.8 
December —14.6 B eee ee Se See See We eee Sia te ee Sagan 1/441,895 68.7 — 210,618 

TaBLeE 57.—Monthly cold storage holdings of frozen smelts during 1918 compared with 

those of 1917. 

Reported tor 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918 or 
reporting.| on fifteenth | for both y ecrease 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
January =! ees Sen Ue ; 67 807,025 56 216,747 509,036 +134.9 
February 76 1,070,950 60 358,141 652,535 + 82.2 
March-______- 82 1,717,789 65 876,171 1,359,084 + 55.1 
Anprilees 2 2 2 Ee ae 78 2,098,022 63 1,050,508 1,588,602 + 51.2 
Miley ees See Re nie a 61 1,888,862 49 986,587 1,327,593 + 34.6 
Tune sh Sea ee aL ees 59 1,963,646 46 925,268 1,512,595 + 63.5 
RU yee ee ie SN 59 1,933,433 45 794,234 1,191,644 + 50.0 
FAMeUS tHe a a eo 61 2,077,859 48 845,276 1,561,429 + 84.7 
September_-______________ 54 1,864,114 41 813,272 1,172,183 + 44.1 
October Sees 2S eee aS ee 57 1,840,629 50 1,120,977 1,519,771 + 35.6 
November-__---_-------- 60 1,775,080 57 1,222,516 1,689,470 + 38.2 
December -.------------- 69 1,441,895 67 956,278 1,441,535 + 50.7 
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SQUID. “iy 

In the special report of the Bureau of Census on the Fisheries; of 
the United States the squid is referred to as “‘cuttle-fish.”” They are 
‘mollusks found in large numbers all along the coast. The ‘common 

*squid,’ ‘octopus,’ ‘calamary,’ sea arrow,’ etc., are different species 
found in particular localities. They are caught in fish pounds, seines, 
weirs, and trawls and with fishhooks; large numbers are also taken 
by driving them on shore by ‘torching.’ Some are caught with a 
peculiar arrangement of hooks called a ‘squid jig.’ Different species 
vary in length from a few inches to 50 feet. They are important as 
a bait for many useful fish and as food for man. Oil, ‘cuttle bone,’ 
a dentifrice, india ink, etc., are also obtained from them.” 

The report on January 1, 1918, showed 2,065,680 pounds of squid 
in cold storage on that date. This was 68.5 per cent more than the 
quantity held on the same date in 1917. The stocks decreased until 
May 15, when 362,513 pounds remained in cold storage. An increase 
occurred on August 15, the stocks then again decreased and on Decem- 
ber 15 amounted to 326,247 pounds. 

’ Tasie 58.—Monthly cold storage holdings of frozen squid during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

’ Pounds. Per cent. Pounds. Per cent. 
AMfearn Uy Fee ao es weeny ea ne ee A 2,065,680 100.0 — 370,962 — 18.0 
Pre ru aye a Re REG lege een ps eels eee 1,694,718 82.0 — 453,271 — 26.7 
March) S24 00s gee eae SAU LS ie REE = oe 1,241,447 60.1 — 641,139 — 51.6 
Ny 0) | (be SS Se ese eras aN cs ee eee 600,308 29.1 — 237,795 — 39.6 
11 [Ea aa a eR Tog RS Spee Sh. ee ee ae 362,513 17.5 +424,560 +117.1 
URTV oof Sse ee epee) Sea eee a Ie 2a 8 787,073 38.1 + 38,213 + 4.9 
Daly ee os aE a ope = BP le 825,286 40.0 + 308,499 + 37.4 
IAT GIST SP oe ee es ree) ee 1,133,785 54.9 — 142,684 — 12.6 
September [5250 Bea eee a es ee 991,101 48.0 + 20,655 + 2.1 
Octobert*.2.2 Sete Cu Ree oc Aimee niet Ske 1,011,756 49.0 — 414,092 — 40.9 
INovember>-- 2/2520. 2 ee Gah Bae ee 597,664 28.9 — 271,417 — 45.4 
December 22) SS ee a a 326,247 15.8 — 57,859 — 17.7 

TaBLE 59.—Monthly cold storage holdings of frozen squid during 1918 compared with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918 or 
reporting.| on fifteenth | for both : 5 ecnense 

of month. dates. : 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
January. 233-2 se 40 ewes 36 2,065,680 27 1,068,212 1,799,466 +68.5 

39 1,694,718 29 666,075 1,168,351 +75.4 
42 1,241,447 31 628,870 1,008,667 +60.4 
39 600,308 30 347,205 480,362 aoe 
30 362,513 22 267,583 273,914 + 2.4 
24 787,073 16 1,387,202 534,631 —61.5 
30 $25,286 23 1,501,790 609,461 — 59.4 

FATS te eae Le ee 27 1,133,785 20 1,901,277 948,434 50.1 
September 22 ee 25 991,101 19 2,470,616 827,809 — 66. 5 
October ss ewes ENG wee 27 1,011,756 26 2,863,006 986,814 — 65.5 
November-_-_-_---------- 33 597,664 33 | - 3,052,079 597,664 ~— 80.4 
December -______-________- 34 326,247 33 2,434,430 326,247 — 86.6 
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WEAKFISH. 

The weakfish is given in the special report of the Bureau of the 
Census on Fisheries of the United States under the name of Squeteague. 
It is an “excellent food fish found in abundance along the Atlantic 
Coast from Cape Cod to Florida. It is known as ‘drummer’ about 
Cape Cod; ‘yellowfin’ about Buzzards Bay; ‘weakfish’ in New York 
and New Jersey; ‘bluefish’ in Delaware and Virginia; ‘gray trout,’ 
‘sun trout,’ ‘shad trout,’ ‘sea trout,’ and ‘salt water trout’ in the 
Middle and South Atlantic States, and ‘squeteague,’ ‘squit,’ ‘chick- 
wit,’ etc., in various places. It averages about two and one-half 
pounds in weight, though some individuals attain a weight of 30 
pounds. They are caught in seines and gill nets and with hook and 
line. The spotted squeteague is found from New Jersey to Texas, and 
is somewhat larger than the preceding.” 

On January 15, 1918, 712,636 pounds of frozen weakfish remained 
in cold storage from the previous year. The stocks decreased until 
April 15, when 85,270 pounds remained. An increase then occurred 
until October 15 and the reports of that date showed stocks of 
2,175,541 pounds. ‘This amount was approximately twice as large 
as the holdings of the previous year. 

TABLE 60. WMonthty eal storage holdings of frozen weakfish during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. . during month. 

Pounds. Per cent. Pounds. Per cent. 
712,636 32.8 — 335,538 — 47.1 
377,098 17.3 — 208,922 — 55.4 
168,176 7.7 — 82,906 — 49.3 
85,270 3.9 + 454,486 +533.0 

539,756 24.8 +769,729 +142.6 
1,309,485 60.2 + 35,319 + 2.7 
1,344,804 61.8 +449,653 + 33.4 
1,794,457 82.5 — 17,672 — 1.0 
1,776,785 81.7 +398,756 + 22.4 
2,175,541 100.0 — 54,098 — 2.5 
2,121,443 97.5 — 99,343 - pes 
2,022,100 92.9 — 507,440 

TaBiLEe 61.—Monthly cold storage holdings of frozen weakfish during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings Storages D lSincrease 
Storages reported reporting 1917. 1918. or 
reporting.| on fifteenth | for both ‘| decrease. 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Diamiarry 2 See is ne eee 26 712,636 19 443,646 374,545 — 15.6 
February222 22a 28 377,098 20 88,099 100,347 + 13.9 
March 2) a eee Bae 29 168,176 22 » 91,493 105,004 + 14.8 
A prilec oe Vee ys ah ee 27 85,270 21 28,755 65,409 +127.5 
IVA ety 02S SE OS Oe 22 539,756 18 152,402 394,425 +158.8 
Sunes Los Ae |. RNS 23 1,309,485 19 196,531 962,560 +389.8 
Days ee ae i NE YS ake 23 1,344,804 19 228,126 982,969 | +330.9 
JNU VEE Resa 26 1,794,457 21 723,097 1,269,802 + 75.6 
September______________- 24 1,776,785 - 19 546,588 1,228,123 +124.7 
October. soos eae ee 25 2,175,541 22 930,855 1,846,255 + 98.3 
November_-______-_____-_-_ 27 2,121,443 25 1,460,003 2,117,273 + 45.0 
December______.___----- 28 2,022,100 28 1,156,420 2,022,100 + 74.9 
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WHITEFISH. 

Whitefish form one of the most important groups of fvesh water 
fishes of America. The common whitefish is the most valued of the 
tribe, although the others are highly esteemed as a food. It is found 
in the Great Lakes region and is known as ‘humpback,’ ‘bowback,’ 
and ‘highback’ whitefish; also as ‘Otsego bass’ in the neighborhood 
of Otsego Lake, New York. It is caught chiefly in gill nets, and 
averages less than 4 pounds in weight. Other economic species are 
the Rocky Mountain whitefish, the Menominee whitefish, also locally 
known as ‘round whitefish,’ ‘frostfish,’ “shadwater,’ ‘pilot fish,’ ‘chivey,’ 
‘blackback,’ etc. The whitefishes belong to the salmon family. The 
name is also applied to the bluefish on the Hudson, to the menhaden 
in western Connecticut, to the tilefish in California, and to the beluga 
by whalers.” 

On January 1, 1,139,079 pounds of frozen whitefish remained in 
cold storage from the previous season. ‘These stocks declined until 
June 15 and reached the low point of 312,014 pounds. The largest 
stocks were reported on December 15 and amounted to 1,976,681 
pounds. This was 12.6 per cent more than the holdings of December 
155 19172 

TABLE 62: en cold storage holdings of frozén whitefish during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

Atimontht age. during month. 

Pounds. Per cent. Pounds. Per cent. 
PLIES OUD EY eae ERR 2 UA ae a AR Le 1,139,079 57.6 — 426,709 — 37.5 
eb rurary: 2) SG ieee ee Sees ee DC ee ey 712,370 36.0 — 315,116 — 44.2 
March 2:22) tue QU Ss Speen SSS i SuSE es ee 397,254 20.1 + 70,233 + 17.7 
FA 2 2 Sa Oe oe OS RR Leas 467,487 23.7 — 132,459 — 28.3 
May-_-_ ; 335,028 16.9 — 23,014 — 6.9 
June__ 312, 014 15.8 + 80,630 + 25.8 
July______ 392,644 19.9 +493,742 +125.7 
August____ 886,386 44.8 — 116,785 — 13.2 
September- 2 769,601 38.9 . +521,439 + 67.8 
October___--_____ & 1,291,040 65.3 +466,085 + 36.1 
November 2 in Sma eae TVS i ras ee 1,757,125 88.9 +219,556 + 12.5 
December ssn Maas MMR oh ENS AR Sa 1,976,681 100.0 — 188,916 — 9.6 

TABLE 63.—Monthly cold storage holdings of frozen whitefish during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918. Gy 
reporting.| on fifteenth | for both decrease. 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
TanUaTyies Oe Soe eee ee 70 1,139,079 59 412,639 548,198 +32.9 
Hebruary soe eo eee 79 712,370 61 264,617 357,142 +35.0 
IMiare bcs Wis ea a 80 397,254 65 388,290 232,791 — 40.0 
JeX a) VAs le SE CICA hod eee 77 467,487 62 305,970 316,504 + 3.4 
DA Tee aioe ene A LO 61 335,028 48 172,559 285,527 +65.5 
AICTE PS Re EN SNE RS IN 51 312,014 39 163,617 243,683 +48.9 
aly ee Rs A 55 392,644 45 273,311 299,659 + 9.6 
Ue Us tee ee ee ee 57 886,386 48 380,702 538,503 +41.5 
September___-____________ 54 769.601 43 349,189 392,126 +12.3 
Octoborss ose se pra 66 1,291,040 58 1,571,846 1,231,502 —21.7 
November-.---__-----_-- 75 1,757,125 69 2,176,720 1,751,276 19.5 
December -__----------~- 80 1,976,681 79 1,741,026 1,960,225 +12.6 

= 
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WHITING. 

“This fish is otherwise known as the ‘kingfish’ and ‘sea-mink’; it 
is abundant from Cape Ann to Pensacola. The sand-whiting, also 
known as ‘deep-water whiting,’ is abundant from Chesapeake Bay 
to Texas. The surf-whiting, also called the ‘silver-whiting,’ is common 
from the Carolinas to Texas. The California whiting is also known 
as the ‘sand-sucker.’ On the coast of Florida they are variously 
known as ‘kingfish,’ ‘barb,’ ‘bullhead whiting,’ and ‘ground mullet.’ 
They attain a length of 10 inches and a weight of one and one-half 
pounds. They are caught with hook and line and in seines, and are 
a food fish of considerable importance. The name is also applied to 
the harvest-fish at Norfolk, Virginia, and to the silver hake on the 
New England Coast.” 

The holdings of frozen whiting on November 15, 1918, amounted 
to 15,012,968 pounds, an increase of 17.5 per cent over the stocks 
on November 15, 1917. With the exception of herring stocks there 
were more frozen whiting in cold storage at this date than of any 
other variety. They amounted to approximately 14 per cent of all 
fish frozen during the year. The lowest stock reported was on May 
15, when.the reports showed 867,531 pounds. The holdings decreased 
Hem January 15 to May 15 and increased from May 15 to Novem- 
er 15. 

TABLE 64.—Monthly cold storage holdings of frozen whiting during 1918, and increase 

or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
January 2:52 ee oe | eee ae re 457, _ 49.7 — 3,150,071 — 42.2 
Kebruary Joo Some See Be Ue SE 28.7 — 2,111,536 — 49.0 
Merch... o5r. i Gane. Say Tee a 14.6 | —1,046,124 | — 47.6 
(April: 2222): Re GS ae RS - Ce: - Ea 7.7 — 282,699 — 24.6 
Misty Ss SGD ca GER, ee RS 5.8 +2,262,608 + 260.8 
June® i. 2a 20.8 +4,981,654 +159.2 
July22e eee 54.0 +3,234,999 + 39.9 
August________ 75.6 + 1,565,862 + 13.8 
September 86.0 + 496,770 + 3.8 
October." FARE | AO ee | eee Bee 89.3 +1,603,544 + 12.0 
November 222) 2202 Se. ae) aces 15,012,968 100.0 — 1,997,102 — 13.3 
December. 32s... Saas. Rae ae ae eee 13,015,866 86.7 — 2,790,660 — 21.4 

TaBLE 65.—Monthly cold storage holdings of frozen whiting during 1918 compared 

with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918. or 
reporting.| on fifteenth | for both decrease: 

of month. dates. 

Number Pounds Number. Pounds Pounds Per cent 
January: 2) See: ages ee 94 7,457,961 77 2,572,581 5,462,105 +112.3 
Hebruary 3026 ee ee 101 4,307,890 79 935,435 2,458,416 +162.8 
March 109 2,196,354 87 393,300 958,091 +143.6 

102 1,150,230 85 140,089 599,778 +328.1 
73 867,531 59 128,364 517,662 +303.3 
69 3,130,139 4,564,823 2,522,827 — 44.7 
74 8,111,793 60 9,046,728 7,413,594 — 18.1 
75 11,346,792 61 10,905,627 10,592,141 — 29 
70 12,910,654 55 9,931,049 11,848,235 + 19.2 
72 13,409,424 67 11,424,723 12,764,202 + 11.7 
77 15,012,968 76 12,339,486 14,495,768 + 17.5 
86 13,015,866 85 11,498,434 12,997,666 + 13.0 

<=. 
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MISCELLANEOUS FISH. 

The stocks of miscellaneous fish increased from approximately 
8,000,000 pounds on January 15 to 17,500,000 on November 15. 
More than 16 per cent of the total stocks of frozen fish were included 
in the miscellaneous group. The holdings on November 15 were 
81.7 per cent greater than those on November 15, 1917. 

In Table 68 are grouped the total holdings of frozen fish during 
each month in 1918. This table shows that the smallest quantity 
stored was on April 15 and the largest quantity on November 15. 
The holdings of the former date are 26,548,472 pounds and of the 
latter date 99,631,789 pounds. The holdings of November 15 were 
an increase of 37.2 per cent over those of the previous year. The 
greatest increase was from May 15 to June 15 and the greatest 
decrease was from January 15 to February 15. 

Table 69 shows the total holdings reported for each month and a 
comparison of each month’s holdings with those of the same date 
in 1917. Figure 36 is a graphic presentation of the stocks of frozen 
fish for each month during the year. Figure 37 represents the com- 
parative quantities of each variety held in cold storage. For each 
variety is shown the maximum holdings of the year. 

> 

TaBLE 66.—Monthly cold storage holdings of miscellaneous frozen fish during 1918, 
and increase or decrease during each month. 

Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

of month. age. during month. 

: Pounds. Per cent. Pounds. Per cent. 
January. 22 eh ee ae Se RNR 8,101,331 46.4 + -489,894 + 6.0 
February =: 2350. et. See. Bee. ee. Ba 8,591,225 * 49.2 + 731,285 + 8.5 
March 2.3 Sae : Se). UE eee ee aps 9,322,510 53.3 +1,517,119 +16.3 
Avpril' = 22 ¢: Bahai Ai) eee ee. Re ee 10,839,629 62.0 + 485,190 + 4.5 
Miay.. 32 = 2 SEAS» BES SU ee. ae 11,324,819 64.8 +1,073,092 + 9.5 
June. 2 es ee ne Si | eee 12,397,911 70.9 + 176,930 + 1.4 
Jubye 2 2 gn ae  aete : Tene: Te ae | Oe 12,574,841 72.0 +3,092,725 + 24.6 
Auguste...) clipe” Serene Satine RI Sabai. Sapa 15.667,566 89.6 — 666,454 — 4.3 
September________ oie, Spo papens late geen ANNA 15,001,112 85.8 +1,887,078 +12.6 
October! J. Sale |, Seee ©: Tee Le ae eee 16,888,190 96.6 + 588,907 + 3.5 
November: 3) See ar! | Bee * ee | 17,477,097 100.0 — 293,366 — 1.7 
December: 2220): Eas eae VE ee were AAIS3z7ok 98.3 — 2,393,819 —13.9 

TABLE 67. —Monthly cold storage holdings of miscellaneous frozen fish during 1 918 
compared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917. 1918. or 
reporting.| on fifteenth | for both decroaces 

of month. dates. 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
Janvary2 2 eee ee eae 137 8,101,331 113 3,319,168 4,717,718 + 42.1 
Mebruary 232s oe 148 8,591,225 117 2,764,033 4,315,066 + 5621 
March 23) (hee So Sie tek 147 9,322,510 121 3,313,401 6,641,260 + 100.4 
VNG 0 os] Wipers er oS a I ede 148 10,839,629 128 1,862,965 7,555,764 +305.6 
IVA ey 2h Ree ici eae 131 11,324,819 108 2,509,191 8,207,454 +2271 
ume see ites, CUS eae ee 128 12,397,911 104 4,517,987 8,833,729 + 95.5 
Ay Si ee OE 135 12,574,841 112 5,766,947 8,645,518 + 49.9 
Augusto anata a 138 15,667,566 115 6,057,725 9,574,236 + 58.1 
September______________- 133 15,001,112 110 6,357,757 8,947,569 + 40.7 
October*2252 ase eae 144 16,888,190 128 9,133,346 16,035,811 + 75.6 
November_______ eres 146 17,477,097 141 9,557,778 17,370,875 ae tall 7/ 
December______________- 153 17,183,731 149 10,692,890 17,138,951 + 60.3 
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Tasie 68.—Monthly cold storage holdings of frozen fish during 1918, and increase or 

decrease during each month. 

5 - Holdings Relative 
Month. on fifteenth | percent- Increase or decrease 

ay marin. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
January __ 49,562,848 49.7 — 13,655,777 — 27.6 
February : ae g 35,907,071 36.0 | — 7,449,770 — 20.7 
INARI = ks se i me A Se beeen ee pei OI 28.6 — 1,908,829 — 6.7 
PAT DT Leer ee as BP ad 26,548,472. 26:6 | + 4,854,953 18.3 
TAMER Sl 31/403.425 31.5‘, +18,894,602 +60.2 
{hit 225 22 SSE Ss Ue eer eee are 50,298,027 50.8 +14,561,505 | . 429.0 
TIDUS 5 ae al a «Up Ac 64,859,532 65.1 +173;913,697 | = + 27.6 
UNG. CAD: 0 ae 8 ae ee Sanne 82.773.229 83.1 | + 6:784,741 +, 3.2 
NEDLEMIbeIe te sa Lg NEO 89,557,970 89.9 + 4,853,778 | + 54 
WE to berms eye ie se A ae Se . 94,411,748 94.8 ++ 5,220,041 |... 535 
eee nts feos ele ae 99,631,789 100.0 — 3,031,542 | “= 3:6 
December 2B a5 SS eee eae Se ets Serene ena! 96,600,247 97.0 |. —14,646,383 | -- —15.2 

ae 69. —Monthly cold storage holdings of frozen fish during 1918 Sonweanee with 

those of 1917. 

bs z - Reported for 1918. 

Holdings 
pious Storages reported 

reporting.| on fifteenth 
is " of month. 

Number Pounds. 
LR TET A ee ie ee 177 49 562,848 
Hebroanyes Sees ee 189 35,907,071 
HAE UC SCSI Ee aes eI 187 28,457,301 

Expo) A Le le ee 188 26,548,472 
DV ea erat a a 166 31,403,425 

ASTUTE Ce pat he eR 171 50,298,027 
RU Ur iy eset ee ee 176 64,859,532 
PNT us teen ee ee = 180 82,773,229 
September_______________ 175 89,557,970 
Octoberns ss eee ss. 185 94,411,748 
November_______________ 192 99,631,789 
December_____________-_- 191 96,600,247 

Storages 
reporting 
fer both 
dates. 

Number. 
144 
156 
157 
163 
142 
144 
149 
154 
146 
169 
185 
186 

Comparison with 1917. 

1917. 

Pounds. 
32,234,530 
14,727,099 
13,374,429 
9,516,217 
14,040,294 
27,791,047 
38,431,221 
44,024,666 
47,197,660 
60,676,722 
70,938,957 
69,986,671 

Increase 
1918. or 

_ | decrease. 

Pounds. Per cent. 
36,848,447 + 14.3 
19,948,869 + 35.5 
19,869,069 aF 
19,054,027 +100.2 
24,238,138 + 72.6 
41,167,057 + 48.1 
52,905,689 | + ° 37.7 
65,504,384 + 48.8 
68,497,513 + 465.1 
86,016,054 + 41.8 
97,310,173 + 37.2 

+ 38.2 96,699,190 
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REVIEW OF THE 1918 STORAGE HOLDINGS OF CURED HERRING AND 

MILD CURED SALMON. 

CURED HERRING. 

On January 15, 1918, there were almost 6,500,000 pounds of cured 

herring stored. The holdings decreased to 4,500,000 pounds on 
February 15, then increased monthly until September 15, when the 
stocks amounted approximately to 28,500,000 pounds. The greatest 
increase was 7,329,154 pounds from May 15 to June 15. The greatest 
decrease was 4,362,054 pounds from September 15 to October 15. 
The holdings of September 15, 1918, were 93.2 per cent greater than 
those of September 15, 1917. 

2 

TaBLE 70.—Monthly storage holdings of herring cured during 1918, and increase or 

decrease during each month. 
° 

Holdings Relative 
Month. on fifteenth | percent-| Increase or decrease 

of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
6,455,713 22.7 — 1,944,706 — 30.1 
4,511,007 15.9 +1,090,982 +24.2 
5,601,989 19.7 +2,525,356 +45.1 
8,127,345 28.6 +4,178,910 +51.4 

12,306,255 43.3 + 7,329,154 + 59.6 
19,635,409 69.1 +4,192,320 +21.4 
23,827,729 83.9 +3,521,459 +14.8 
27,349,188 96.3 +1,059,509 + 3.9 
28,408,697 100.0 — 4,362,054 —15.4 
24,046,643 , 84.6 — 3,945,073 —16.4 
20,101,570 70.8 — 1,361,221 — 6.8 

December® 2a he ee ee eee 6 ere a Jae - 18,740,349 66.0 — 3,021,387 —16.1 

TasBLeE 71.—Monthly storage holdings of herring cured during 1918 comp red with 

those of 1917. 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 an 
reporting.| on fifteenth | for beth 5 é dleaaeze. 

of month. dates. 

Numeter. Pounds. Numeer. Pounds. Pounds. Per cent. 
Januarye 2s es see eee 79 6,455,713 62 3,352,626 1,866,323 — 44.3 
Kebruany2a = sete 87 4,511,007 69 4,727,164 3,679,797 — 22.2 
Marchoe 452.8 8 oe eee 88 5,6 1,989 74 5,997,972 5,110,567 — 14.8 
HA DTU Sac ge a ao ade ea 88 8,127,345 74 7,321,778 |. 7,248,108 — 10- 
Miaiy = Gene d h a Ruta aie 74 12,306,255 61 7,370,595 9,178,999 + 24.5 
Funes se See oe ee 76 19,635,409 63 10,389,087 14,876,177 + 43.2 
Suby i eee ee 2 eae 81 23,827,729 67 12,180,431 17,221,167 + 41.4 
UIC US TS oe eae aoe ee ae 79 27,349,188 68 12,187,193 20,709,586 + 69.9 
September sa aes 75 28,408,697 59 10,186,711 19,675,875 + 93.2 
Octoberi 2s se Sees sas 83 24,046,643 72 8,816,582 23,068,351 +161.6 
INovember= === =e 90 20,101,570 85 8,843,052 19,830,423 +124.2 
December 25 40l oe ee 87 18,740,349 84 7,928,363 18,713,449 +136.0 
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M ILD CURED SALMON. 

The stocks of ‘mild cured salmon on January 15, 1918, amounted 

to approximately 3,000,000 pounds. They decreased to 1,872,920 

pounds on May 15, then increased until October 15, when the report 
showed 7,123,756 pounds. This was 28.2 per cent more than the 

quantity stored on October 15, 1917. The greatest increase occurred 

from July 15 to September 15, the increase during these months being 

more than 3,500,000 pounds. 

TasieE 72.—Monthly storage holdings of mild cured salmon during 1918, and increase 

or decrease during each month. 

‘ i Holdings Relative 
Month. on fifteenth | percent- Tncrease-or decrease 

S of month. age. during month. 

Pounds. Per cent. Pounds. Per cent. 
January 5-22 = 22 Sa ee ee See — eee 2,993,133 42.0 — 95,020 — 3.2 .- 
Hebruanyte: 2-230 0 = ee see ee. 2,898,113 40.7 — 510,623 — 17.6 
March tg 222 2 2 ss 2 ee eee ee See = ee 2,387,490 33.5 — 403,355 — 16.9 
April eee usc 2 ood Re Minas © tere, ol ees 1,984,135 27.9 — 111,215 — 5.6 
May-_-_-__- pe een. a eS ee. Ee. Seer 1,872,920 26.3 + 277,819 +14.8 
AUT eid AS 8 ed os ER, OSS SUAS. Peta 2,150,739 30.2 + 838,277 +39.0: 
Julyss oo Ripe NOME, SRI, MI <<. Spee 2,989,016 42.0 +2,160,795 +72.3 
Ausust 3.2. 0: Se eee. EO Se eee 5,149,811 72.3 +1,427,058 +27.7 
September... Bae abe oe eh. ee See 6,576,869 92.3 + 546,887 + 8.3 
October: f2ig5s..52 SEL eee = Se ees. eae ete 7,123,756 100.0 — 218,998 = abil 
INovembers 202s — Saat. Bee _ See ee ee 6,904,758 96.9 — 232,610 — 34 
Decemben=22 == — PS Seeker... Bae. 6,672,148 93.7 — 801,684 —12.0 

TasLeE 73.—Monthly storage holdings of mild cured salmon during 1918 compared 

with those of 1917- 

Reported for 1918. Comparison with 1917. 

Month. Holdings | Storages Increase 
Storages reported reporting 1917 1918 we 
reporting.| on fifteenth | for both 5 ; decease 

of month. dates. % _ 

Number. Pounds. Number. Pounds. Pounds. Per cent. 
January. eee = ea 51 2,993,133 43 3,480,362 2,290,198 — 34.2 
February2. 22282 25 55 2'898, 113 45 3,936,370 2,597,026 — 34.0: 
March. 2-222 Sees oe 55 2,387,490 A8 2,729,941 1,977,408 — 27.6 
April... 32 222 2a 52 1,984,135 43 2,553,538 1,593,045 — 38.3 
May. o.5 32-9 en) 48 1,£72.920 41 2,245,249 1,522,497 — 32.2 
June ss 2" ee 49 2,150,739 43 2,174,066 1,453,851 — 33.1 
Julyos 51 2,989,016 44 2,249,416 1,912,394 — 15.0: 
August__ 53 5,149,811 47 |. 3,746,727 4,191,811 +11.9: 
September_ 46 6,576,869 40 3,587,187 3,892,719 + 8.5 
October _—- 49 7,123,756 43 5,112,937 6,557,023 + 28.2 
November___~_______ §2 6,904,758 49 4,716,159 6,891,518 +46.1 
December! 22). eee 49 6,672,148 47 4,545,784 6,670,818 +46.7 
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TaBLe 74.—Monthly storage holdings of fish during 1918, and increase or decrease 

during each month. 

Month. 

August ii SS) eee epee) 2 Se rea 

October it 2S | Sees = eee SEU SL 
November. _-=___-==-= -- 2. ee eee 
Wecern bc reese = eee 

Holdings 
on fifteenth 
of month. 

Pounds. 
59,011,694 
43,316,191 
36,446.7&80 
36,659,952 
45,882,600 
72,084,175 
91,676,277 
1552722228 
124,543,536 
325,581,647 
126,638,117 
122,012,744 

Relative 
percent- 

age. 

Per cent. 
46.6 
34.2 
28.8 
289 
26.0 
56.9 
72.4 
91.0 
98.3 
99.2 

100.0 
96.3 

Increase or decrease 
during month. 

Pounds. 
— 15,695,503 

1,038,111 
1,056,470 
4,625,373 

18,469,454 

| BEG S 

bolo orl 

| b++++++++ TW SOWA DEO ¢ HW DONIWHwWOD i 

TABLE 7 5. Monthly storage holdings of fish during 1918 compared with those of 1917. 

Reported for 1918. Comparison with 1917. 

Month 5. % Holdings | Storages Increase 
é Storages | reported reporting 1917 1918 = 

: reporting.| on fifteenth | for both z ; deere 
of month. dates. i 

eats Number. Pounds. Number. Pounds. Pounds. Per cent. 
January === 22 eee: eis oe gd Wetehs 59;011,694 144 39,067,518 41,004,968 + 5.0 
February_). 2225) Eee) S 189 43,316,191 156 23,390,633 26,225,692 +12.1 
March] 222232 om. Sobre _ 5) 187. 36,446,780 157 22,102,342 26,977,044 +22.1 
April >=) Se ees 188 36,659,952 163 19,421,533 27,895,180 +43.6 
May 2 _4 Sige. 2 ee oe 166 45,582,600 142 23,656,138 34,939,634 +47.7 
Junes222 2. ee ee 171 72,084,175 144 40,354,200 57,497,085 +42.5 
July == =22 Bes Soo eee 176 91,676,277 149 52,861,068 72,039,250 +36.3 
August =. =) - Beis ey 2 180 | 115,272,228 154 59,958,586 90,405,781 +50.8 
September________==____- 175 | 124,543,536 146 60,971,558 92,076,107 +51.0 
October. = _ 28a - Beem 2 185-| 125,581,647 169 74,606,241 | 115,641,428 + 65.0 
November______________- 192 | 126,638,117 185 84,498,168 | 124,032,114 + 46.8 
December2 33082. see. -2 191° | 122,012,744 186 82,460,818 | 120,083,457 +45.6 
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INTRODUCTION. 

Lead poisoning in various species of wild ducks and other water- 
fowl has recently attracted attention among persons interested in 
game birds in the United States. Though for a number of years this 
disease has been reported in periodicals devoted to sport and from 
other sources, it is little recognized and understood, and few sports- 
men have any knowledge of it. Already it is causing the loss of a 
considerable number of waterfowl each year, and there is no doubt 
that as time goes on it will assume greater importance. Lead poison- 
ing in waterfow! has its origin in the large quantity of expended shot 
that from year to year is deposited in the mud about shooting points 
and blinds in marshes, shallow bays, and lakes. Birds find and 
swallow these leaden pellets while searching for food, and many are 
seriously affected by the poison thus taken. Present knowledge in- 
dicates that the mallard, canvas-back, and pintail ducks and whistling 

swans have suffered most, but a number of other species will probably 
be included in the list when the matter is more fully investigated. 
Many opportunities have come to the writer to handle and examine 

ducks and other birds suffermg from lead poisoning during the past 
three years, and he has had occasion to carry on experiments to ascer- 
tain the cause and manner of the affection. The results are outlined in 

Norse.—This bulletin is a report of studies made of a serious malady among ducks and 

other waterfowl in the United States. It is for the information of sportsmen, naturalists, 
and others interested in game birds. 

120366°—Bull. 793—19 
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the following pages. During the course of the work the Bureau of 
Chemistry has cooperated in making analyses to determine the 
presence of lead in portions of the viscera of affected birds. 

HISTORY. 

At various times during past years there has been discussion in 

sporting magazines regarding the presence of shot in the stomachs of 
wild ducks. More recently attention was called to lead poisoning 
in ducks by J. H. Bowles’ in 1908. On the Nisqually Flats, a large 
marsh area in the Puget Sound district, Washington, a number of 
mallards had been found sick or dead. Examination of three of these 
revealed a quantity of shot still held in the gizzard. The Nisqually 
Flats have been famous ducking grounds since early settlement in the 

State, so that it may be supposed that shot are present in the mud in 
abundance. 

Lead poisoning was reported in 1908, also, among canvas-back 
ducks on Lake Surprise, Tex., and an account of it was published by 
W. L. McAtee, of the Bloc Survey.? Lead poisoning in this 

locality appar ently had been ignoran for several years. It was stated 
that canvas-backs resorted to Lake Surprise in November each year. 
and affected birds appeared in the rushes along shore about the first 
of January, while as the season advanced these sick birds died and 
disappeared. From all accounts, no other species of ducks were 
affected here. 

Examination of several whistling swans from Back Bay, Va., 
sent to the Biological Survey during January, 1915, showed that 
these birds were suffering from lead poisoning, as from 22 to 45 shot 
pellets were found in the gizzard of each. On inquiry it was learned 
that sick swans were found in January every year, and that the 
trouble among them continued until March. The malady, known 
locally as the “ keuk,” was said to affect canvas-backs and other ducks’ 
and geese as well as swans. 

During the summers of 1915 and 1916, while working in the 
marshes formed in the Bear River Delta at the northern end of Great 
Salt Lake, Utah, the writer handled many ducks suffering from lead 
poisoning. Here the species affected were maliards and pintails, the 
majority being males. Birds sick from poisoning were found from 
June to September, and the total number that died was considerable, 
though insignificant when compared with the numbers destroyed 
here by other diseases. 

Reports of sick ducks in other localities in the United States seem 
to indicate lead poisoning as the causative agent, but material has 
not as yet been available to substantiate this. It is believed that the 
trouble is more or less prevalent throughout the country. 

1 Auk, XXV, pp. 312-3813, 1908. 2Tdem, p. 472, 1908. 
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SPECIES OF BIRDS AFFECTED. 

The list of species of birds at present known to have been poisoned 
by eating shot is small, but it will undoubtedly be increased when 
the facts are better known. In the following brief list all but one 
species (the canvas-back) are included from personal observations of 
the writer: 

Mallard (Anas platyrhyncha). 

Pintail (Dafila acuta tzitzihoa). 

Canvas-back (Marila valisneria). 

Whistling swan (Olor columbianus). 

Marbled godwit (Limosa fedoa). 

Lead poisoning is a common affection in all these except the 
marbled godwit. Only one specimen of this bird that had died from 
eating shot has been examined. In this species and in other shore- 
birds lead poisoning is probably rare. Geese and several species of 
ducks in addition to those listed above are said to have been affected 
in various localities, in particular on Back Bay, Va., but these re- 
ports have not as yet been investigated. 
As has been stated, the shot secured are taken while feeding. Pin- 

tails and mallards delight in working in shallow water, where they 
dig away the mud to a depth of 6 to 18 inches, in search of succulent 
roots and tubers. In this manner they work over extensive areas, 
forming “duck holes” from 1 to 15 feet or more in diameter. Swans 
feed in much the same manner, but, with their long necks, are en- 
abled to work in deeper water. The canvas-back is a diving species 
that digs constantly in the bottom mud and frequently feeds at a 
considerable depth. With all these birds certain quantities of gravel 
or grit of somg kind are necessary for the proper grinding, or trit- 
uration, of food in the gizzard to put it in proper form for the ex- 

traction of nutriment. In the mud of marshes and lowland lakes 
little gravel is present, and to secure this needed element the birds 
in feeding develop a tendency to swallow any small, hard object 
they encounter. In this way the shot that have accumulated about 
shooting points are swallowed one by one. The bird may be several 
days or even longer in securing a fatal dose or it may pick up a 
large number of pellets at one time. In either case the shot are 
held in the gizzard to be slowly ground away, only small particles 
of lead passing on into the intestine. 

SYMPTOMS OF LEAD POISONING. 

The symptoms of lead poisoning as observed in waterfowl are 
similar in many ways to those found in mammals. <A prominent in- 
dication of this malady is a paralysis of important muscles, which 
increases steadily as the ailment progresses. This paralysis seems 
first to affect the nerves supplying the great pectoral muscles of the 
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breast, and in a very short time the birds are unable to fly. (PI. I, 
figs. 1 and 2.) Following this the wings begin to droop from the 
sides. In many cases the extensor muscles supporting the wing tip, 
that portion of the fore limb homologous with the hand, are seriously 
affected, and the wing hangs from the carpal joint, a symptom 
strikingly like the “ wrist drop” found in many cases of lead poison- 
inginman. The wings float loosely on the surface when the affected 
birds are in the water, and in severe cases the tips of the primaries 
may drag as the bird walks about on the ground. Other muscles are 
affected as well. When the bird is standing, the breast is depressed 
and the tail droops. (PI. I, fig. 2.) 

After a few days birds often experience difficulty in walking and 
may fall as they attempt to turn around. This paralysis of the legs 
grows until the body can no longer be supported, and in moving 
about the birds slide along on the breast. (PI. I, figs. 1 and 2.) 
This loss of function in the muscles is not always symmetrical; in 
several cases muscles on the left side were more severely affected than 
on the right. This was especially noted in the leg muscles. In many 
of the living birds studied the poisoning due to ingested shot was 
acute, and death came in a few days. In others the condition be- 
came chronic, and the birds, much emaciated, lived from two to five 
weeks. Often an adult mallard would waste away until the large 
muscle masses of the breast were reduced to slender fasciz that were 
barely sufficient to cover the sternum. 

The feces of affected birds are thin and watery and stained green. 
This color is a well-marked symptom. When fecal matter comes 
largely from the rectum the green is very dark, but when mixed with 
renal matter in the cloaca it becomes paler. In thig case the green 
color, though lighter, is remarkable for its brightness. The body 
temperature of affected birds is normal, unless the individual is 
anaemic, when it is subnormal. 

In weak birds the eye was usually very bright and the muscle con- 
trolling the nictitating membrane not affected. During field worl in 
Utah this point was used as a ready means of distinguishing these 
birds from individuals helpless from poisoning due to alkalies.* 

The heart of a bird suffering from lead poisoning is affected, and 
the bird may die suddenly after fright or exertion. Captives under 
observation were liable to spasms after they had become much weak- 
ened, during which they fell on the breast with head and wings ex- 
tended, and were agitated by slight but rapid tremors. In some 
eases this caused the lower mandible to rattle against the upper. 
These spasms were followed by periods of weakness, when for a time 
the birds lay motionless, but later were able again to walk about. The 

1Cf. Wetmore, Alexander. The Duck Sickness in Utah: Bull. 672, U. S. Dept. Agr., 

pp. 1-25, 1918. 
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BI7149 

Fic. 1.—MALLARD WITH LEAD POISONING. 

The carpal joint of the wing is affected, simulating ‘wrist drop,’ and the bird has difficulty 
in walking. 

B16227 

Fic. 2—PINTA!IL WITH LEAD POISONING. 

Paralysis of the legs renders the bird unable tostand. 
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B866M 

Fic. §—STOMACH OF MALLARD THAT DIED FROM LEAD POISONING. 

Abnormal distension of lower cesophagus and. proventriculus with food produces a mass larger 
than the gizzard. 

BI7TI681 

Fic. 2.—MALLARDS WITH LEAD POISONING. 

The breast is depressed and the tail drocps when the bird is standing. In health the carriage 
is more erect. 
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heart seemed to be affected seriously, and the pulse in many cases was 

rapid and very strong. In one instance the heartbeat of a male mal- 

lard under observation in the laboratory was distinctly audible at a 
distance of 10 feet, but this was unusual. It was found that birds thus 
affected were liable to die after any fright or exertion that stimulated 
the heart action strongly. In one instance a mallard in the water 

- dived to escape capture, and remained beneath the surface for 30 
seconds. It came up, and attempted to dive again, but suddenly re- 
laxed, and was dead. In other instances birds kept in experiment 
pens died while being handled. Death frequently came during the 
spasms described above. 

Birds with lead poisoning always had good appetites, and ate 

eagerly. Often when they were so weak as to be unable to stand, the 
gullet and upper portion of the stomach were found to be crammed 
with food. These birds drank copiously and at short intervals. 
When disturbed they often regurgitated quantities of greenish fluid, 
a watery discharge that stained the mouth cavity and the tongue. No 
solids came with this. Birds of the groups affected are, in so far as 
the writer’s experience is concerned, unable to return solids that have 
been swallowed. 

POST-MORTEM APPEARANCE. 

The flesh of birds dead from lead poisoning is in nearly all cases 
pale. This pallor was well marked in ducks that had been sick for 
some time, and occurred before a wasting of the muscles began. In 
chronic cases in which emaciation was extreme there was a marked 
pallidness of the larger muscle masses, and even of the viscera. The 
blood was slow to coagulate, and frequently remained fluid for 10 
or 12 hours after death. Studies made of blood taken from living 
birds indicated a decrease in the number of red corpuscles, but as the 
apparatus used in making blood counts was imperfect, results from 
these examinations were far from satisfactory. At that time perfect 
counting chambers for the usual grades of hamacytometers were not 
available on the market, so that conclusive studies of the effect of lead 
poisoning on the blood are yet to be made. 

Examination of blood smears has failed as yet to show the presence 
of granules that have been noted in the case of lead poisoning in 
mammals. The heart generally was in systole. In case the bird 
examined had become weakened while in the water, so that actual 
death came through drowning, the ventricles were in diastole as is 
usual in birds that have drowned, but this was an abnormal condi- 

tion. In chronic cases of a week or more in duration the pericardium 
was usually distended with a watery lymph, slightly tinged with 
brownish orange. 
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During prolonged cases of lead poisoning, the alimentary tract 
exhibited several changes that were characteristic of the trouble. In 
normal birds the ventriculus, or gizzard, and the crop may be 
crammed with food, but the proventriculus, or glandular portion of 
the stomach, is empty. In cases of lead poisoning from eating shot 
the appetite for food is greatly increased, while the gizzard seems 
slow in action, and observations indicate that the great muscles in 
its walls are more or less paralyzed. In these birds the proven- 
triculus and the lower portion of the oesophagus are greatly dis- 
tended with food, so that they form a mass larger than the gizzard 
itself and have their walls stretched to the utmost. (PI. II, fig. 1.) 

The pads lining the inside of the gizzard often appear more or less 
corroded and slough easily, while gravel may work up into the lower 
portion of the proventriculus, a condition that is unknown in the 
healthy animal. The contents of the gizzard were usually stained 
green. Occasionally this color extended through the food contained 
in the lower part of the proventriculus. 

Generally the shot were found on washing out the matter con- 
tained in the gizzard, though a few were located in the lower end 
of the proventriculus. The usual number of shot in one stomach 
was 15 to 40. The largest number of pellets taken from one bird was 
76, found in the gizzard of a mallard secured near the mouth of the 
Bear River, Utah. In September, 1916, during routine laboratory 
work, 28 mallards and 10 pintails that had died from lead poisoning 
were examined. From the stomachs of these 38 birds 939 shot were 
recovered, an average of a fraction less than 25 each. Where shot 
have been in the gizzard for a considerable time they are much 
worn, and in many cases are ground down to flattened disks by the _ 
action of the stomach muscles and the trituration with gravel. 

The intestine may be irritated, or may be nearly free from dis- 
tended capillaries. Observations on this point are uncertain, as the 
birds examined were from regions where the waters frequented con- 
tain irritant salts, usually in quantities sufficient to bring about a 
certain amount of congestion in the capillaries of the intestinal walls 
of the waterfowl. Where many shot are in the stomach the walls 
of the small intestine may be discolored, and in nearly every case 
there is a deposit of lead on the inner walls of the ceca. This de- 
posit is most pronounced in the distal third of these blind guts, but 
may extend for their entire length. The cecum appears lead colored — 
from without, but when slit and examined its inner walls are found 
to be blackish. The gall bladder is always full and may be much 
distended. In one individual examined the gall bladder measured 
30 mm. long by 12 mm. in diameter. The bile is very dark green, 
and after death this color may spread slowly until it has stained the 
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entire liver. This was noticed in particular in examining several 
whistling swans received at the Washington laboratory from Back 
Bay, Va. 

RESULTS OF EXPERIMENTAL WORK. 

During the field seasons of 1915 and 1916 a series of experiments 
dealing with lead poisoning in ducks was made at a field laboratory 
near the mouth of Bear River, Utah. Though shot had been found 
in many instances in the stomachs of birds, their presence had not 
been determined absolutely as the causative factors of the disease 
apparent in such individuals. The stomachs of a large number of 
ducks have been examined in the laboratories of the Biological Sur- 
vey to determine the food habits of the species. These stomachs 
were from birds apparently healthy when killed. It is not unusual 
to find from one to half a dozen or more shot pellets in such stom- 
achs, and in birds from certain localities pellets were almost always 
found. These facts cast some doubt on the supposition that ducks 
were affected unfavorably by eating shot, and it was necessary to test 
the matter by actual experiment. 
For this purpose small pens 3 feet wide, 3 feet high, and 5 or 6 

feet long were used. Each pen was placed on a platform a foot 
above the ground with a hole cut in one end to hold a water pan, and 
the boards were covered with earth. Ducks were taken from large 
stock pens and placed in these smaller pens as needed, while control 
birds were confined under similar conditions in separate pens. They 
were fed morning and evening on mixed grain containing wheat and 
barley in equal quantity. 
~ Wild mallards, captured when young and reared to maturity, were 
used in the main experiments, so that there was no possibility of 
their having obtained shot before they were placed under close obser- 
vation. Shot and lead were given to these birds through a small 
glass funnel. The lower end of the funnel was placed well down the 
duck’s throat and after the shot were given a small quantity of water 
was poured down to insure that the pellets or particles should not 
lodge in the oesophagus. After treatment birds were watched closely 
for several minutes to make certain that none of the lead was cast 
out through the mouth. It was found that six pellets of No. 6 shot 
-constituted an amount of lead that was always fatal. Two or three 
shot were sufficient to cause death in several instances, and as the 
number was increased the resistance of individual birds decreased. 
In one experiment two mallards were each given one No. 6 shot. One 
died 9 days later, while the other was able to throw off the effects of 
the lead and recover. Pintails and redheads were similarly affected. 
One male pintail was given four pellets of No. 6 and another six. 
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Both died, the former in 11, and the latter in 13 days. One redhead 
was killed by taking six No. 6 shot. Another was given four pellets 
of shot and was sick for some time, but finally recovered. Experi- 
ments were not tried with other species. 

The symptoms in these birds were invariably the same, and it was 
proved beyond question that lead poisoning from ingested shot is a 
dangerous and usually fatal malady. In from 10 to 24 hours the 
feces of birds to which shot had been given were stained with green 
and were loose and watery in consistence. This green tinge increased 
until the fecal matter was very dark. Birds thus affected drank con- 
stantly, and frequently when disturbed regurgitated small quantities 
of more or less greenish water. As the malady progressed the affected 
ducks spent more and more time in the water pans and drank con- 
stantly. The excrement in 12 hours often was sufficient in quantity 
to color strongly 10 quarts of water. 

Other symptoms and post-mortem appearances were similar to those 
described in previous paragraphs. Birds were affected more rapidly 
by soft shot than by chilled or hardened shot, but in either case the 
result was the same. Birds that had the stomachs well filled with 
gravel or that had access to an abundance of gravel were weakened 
more quickly than those that had been confined for some time where 
they could not secure grit. Apparently the rapidity with which they 
became affected was dependent upon the speed with which trituration 
in the ventriculus ground away particles of lead and passed them into 
the intestine. It has been mentioned that in post-mortem examina- 
tions the blackened lining of the ceeca was found to be a prominent 
symptom of lead poisoning. It was supposed that this blackening 
was due to the presence of lead sulphide formed by the action of 
hydrogen sulphide upon lead particles present in the intestine. 
Analyses made in the Bureau of Chemistry proved that this was not, 

true in the majority of cases, as only a trace of lead sulphide was 
detected in one sample in six submitted for examination. The quantity 
of lead present in the ceeca seemed somewhat correlated with the num- 
ber of shot in the stomach. Table I gives the results of the six 
analyses. 

TABLE I.—Relation between number of shot in stomachs of waterfowl and quan- 
tity of lead in ceca. 

| | 
Quantity iN Number | “Sfiead Number Quanity. 

pecies. ofshotin acranted pecies. ofshotin detzcted 
stomach. arilescan eae ch. econ 

) | 

Mgm. | Mgm. 
Mallardicn-Seece Yoh a Re ee 4 0.205) |(eMallardts 454559) 52 shoes eee 34 0.55 

IDS 2 Soe oe ke RRS Ee | 11 - 20 1D oyE es = ce aoa ae ei, cath Pets 48 .55 
TDS Se Oa. 5 aoe eae | 17 BOT | biatall. era ae oon ae 5 | 15 

1 
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After experiments had fully established that shot were capable 
of poisoning waterfowl, the question as to whether the diseased con- 
dition was caused by lead or by some other substance present in the 
shot remained to be settled. Arsenic is a common impurity in com- 
mercial lead, and in the manufacture of shot a certain quantity is 
usually added. This is said to be necessary to make the lead pellets 
spherical when dropped and also to harden them. As arsenic and 
lead in combination are used to form poisonous compounds for kill- 
ing insects and for other purposes, it might be supposed that these 
compounds were active in cases of poisoning from shot eaten and 
held in gizzards of waterfowl. In several experiments, therefore, 
ducks were given quantities of granulated lead equal in weight to 
the number of shot that in other cases were found to be fatal. The 
granulated lead had the same effect as the shot in each instance, 
proving that lead was the active agent in the poisoning. Birds 
seemed to die more quickly from the effects of the granulated lead, 
as the particles were numerous and so small that they were readily 
ground up and passed into the intestine to be absorbed. 

PREVALENCE OF SHOT IN MARSH AREAS. 

Many marshes, lakes, and bays in the United States are noted as 
resorts for waterfowl, and are visited each year during the hunting 
season by sportsmen in pursuit of game. Owing to the configuration 
of the land and »water areas and the habits of the birds pursued, 
there are points or islands in these places that afford good shooting 
each season, and in many cases blinds to conceal the hunters are lo- 

cated on or near the same spot year after year. In time a great mass 
of waste shot pellets will gather about these points. The action of 
the water, especially where it is more or less saline or alkaline, tends 
to corrode these shot somewhat, but this process 1s in most cases very 
slow, so slow, indeed, as to be hardly appreciable. As corrosion takes 
place, there forms over the surface of the shot a scale, which, as it 
thickens, protects the lead more and more from further chemical ac- 
tion. There can be no question that shot pellets may last for many 
years. 

To ascertain the presence of quantities of expended shot in these 
marsh areas the writer with an assistant examined the mud near two 
localities in the shooting grounds at the mouth of Bear River, Utah, 
from each of which several thousand shells are fired each season. 

For the first experiment a small island known as Bayless Island 
was selected, on which a blind had been placed each season for about 
20 years. In searching for shot an ordinary sieve with a mesh small 
enough to hold No. 7 shot was used. Mud was shoveled into this 
and washed through the wire. The mud here was soft for a depth 
of 5 inches; below this was a hardened clay. Sifting was begun at 
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a point 30 yards from the blind and was continued at 20-yard inter- 
vals in a straight line out from the shore to a distance of 210 yards 
from the island. About 10 quarts of silt were examined from each 
spot. Shot first appeared at a point 70 yards out and were found at 
each station to the place where sifting was stopped. The pellets were 
most abundant at a distance of 130 yards, where from 1 to 12 were 
recovered in each sieve filled with mud. 

On another day sifting was tried near Bigelow’s Point, a locality 
about 2 miles west of Bayless Island. Here a blind had been located 

on a small island for at least 20 years, and another island 200 yards 
south had been used as a shooting stand for the same period. In 
addition to these, many temporary boat blinds have been built in the 
open bay offshore. Sifting was carried on here in the same manner 
as at Bayless Island in a line that included ground within shotgun 
range of both blinds. The first mud was examined at a distance of 
30 yards from Bigelow’s Point, and sifting was continued at 20-yard 
intervals for a distance of 230 yards. Shot were secured from each 
sifting for the entire distance and from 1 to 13 pellets were found at 
each station. At stations more than 150 yards from the blind, from 
20 to 22 shot were recovered from each of three lots of mud taken at 
one point. The surface mud here was very soft for a depth of 12 
inches, below which was a hardened clay. The great mass of shot 
had penetrated through the soft surface layer of mud and lay at a 
depth of 10 to 12 inches. 

On this entire marsh there can be no question that 75 ,000 or more 
shotgun shells are used each season. As each shell contains ap- 
eel an ounce of shot, the great accumulation of the lead 
pellets about blinds that are favorably located may be imagined 
readily. The majority of the shot that were recovered by sifting 
were soft; only a small part were chilled. This may serve to indi- 
cate that a large part are comparatively old, as at present chilled- 
shot loads are used. The soft shot in question were all more or less 
battered and scarred from muzzle compression as they left the gun 
or from other causes. All were dulled in color, indicating slight 
surface oxidation, but none showed any distinct corrosion, though the 
clay below the softer mud was often strongly saline. 

These facts point to a steadily increasing body of shot pellets in 
the mud of these marshes, as there are undoubtedly in other marshes 
on which shooting is extensive. 

CONCLUSIONS. 

From his own observations and from.others the writer has learned 
that lead poisoning due to eating shot is of common occurrence 
among waterfowl, and from the manner in which the shot are se- 
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cured it seems reasonable to suppose that this disease will continue 
and will increase as time goes on. It seems probable that cases of 
lead poisoning may be found among upland game birds, as pheasants 
thus affected have been known for many years on extensive shooting 
preserves in England.t Diseased birds were usually found on such 
estates a short time after the close of the hunting season, and from 
1 to 3 shot pellets have been taken from the gizzards of sick pheas- 
ants examined. 
A point that may develop greater importance than the direct kill- 

ing of individual birds by lead is the effect that lead may have upon 
the constitution and bodily functions of birds that do not actually 

succumb to its poisonous properties. It is well known that lead acts 
as an abortifacient in females of mammals. No information on its 
action in female birds during the breeding season is at hand. In ex- 
periments performed by L. J. Cole, at the Wisconsin Experiment 
Station, it was found that lead administered to male domestic fowls 
had a powerful effect upon their virility.2, This was indicated by in- 
fertility of many eggs and a high percentage of deaths in embryos 
and in young chicks soon after hatching. Lead poisoning in the male 
in these cases distinctly affected the vitality of the offspring. If it 
should be found that lead poasoning affects males of wild ducks and 
other waterfowl! in a similar manner, this may prove to be a factor 
of importance in the diminishing numbers of these birds. In such 
cases the poison will be of detriment even in those birds that seem 
tolerant of its effects. 

At the present time all that can be done in regard to lead poisoning 
is to call attention to its prevalence and to describe its cause and 
symptoms, that they may be understood by persons finding birds thus 
affected. No suggestions of a practical nature can now be made to 
alleviate this danger to our waterfowl. The writer has been able to 
effect a cure in a few individuals by treating them with magnesic 
sulphate. Wild birds that were brought into the laboratory with lead 
poisoning were confined in small pens, where they were supplied with 
a solution containing 60 grams of magnesic sulphate in 10 quarts of 

water. This was renewed daily. As magnesic sulphate forms an in- 

soluble compound with lead, this solution tended to neutralize the 
lead particles as they were given off into the intestine. The color of 
the feces in birds treated changed at once from bright green to olive 
brown. This treatment was tried on a small number of ducks, and 
about 50 per cent recovered. The method is of interest as an experi- 
ment but has little or no practical value, as the time required for 
treatment was prolonged and the result was somewhat uncertain. 

1+Cf. The Field (London), vol. 47, pp. 189, 267, 1876; and vol. 59, p. 232, 1882. 
2 Wisconsin Exp. Sta., Bull. 250, pp. 44-45, 1915. 
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Various suggestions have been made to combat this trouble but none 
is at all efficacious. Some persons, supposing that the birds swallowed 
the shot because of a lack of gravel on their feeding ground, have 
proposed supplying grit and sand in the marshes in the belief 
that the birds would use this and not eat the shot. As has been said 
before, ducks in feeding seem to swallow any small, hard objects that 
they encounter, so that such supplies of gravel would be of no aid in 
preventing lead poisoning. It has also been suggested that the mud 
flats be harrowed in some way to cause the shot to sink beyond reach. 
This, however, would be of no avail, as ducks in feeding often dig in 
soft mud to a depth of 12 to 16 inches. 

Statistics on the number and species of birds affected by lead 
poisoning from eating pellets of shot will be of interest, and it is 
hoped that sportsmen and others will report cases that come to their 
attention. There can be no doubt that the trouble is found in many 
extensive marsh areas throughout the United States in addition to 
those mentioned in this report. 
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GENERAL INTRODUCTION. 

Throughout the United States the draining of marshes and shallow 
lakes has proved during recent years a menace to the preservation of 
waterfowl. Many of these lakes were formerly the homes of count- 
less wild fowl during both the breeding season and the migrations, 
but so general has the draining of lakes and marshes become that the 
remaining available resorts for these birds are becoming more and 
more limited. It is of the greatest importance, therefore, that accu- 
rate knowledge regarding the condition of the present breeding and 
wintering grounds be secured, in order that steps may be taken before 
it is too late to conserve the remaining supply of waterfowl inhabit- 
ing these areas. In view of the constant diminution in the numbers 
of our waterfowl and the consequent menace to the continuance of 
duck hunting as a sport, as well as to the very existence of the birds 
themselves, the protection of waterfowl on their breeding grounds 
becomes a matter of prime necessity. 

The Biological Survey has long recognized this need, and is 
making efforts to ascertain the exact conditions prevailing on the 
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breeding grounds of waterfowl in various parts of the United States. 
This is by no means an unimportant part of the inventory of our 
natural resources which is so necessary if we are to take intelligently 
directed steps toward passing on what remains of our heritage of 
natural wealth. 

Efforts to increase the numbers of native waterfowl may be 
grouped in two main divisions: (1) Protection by legislation, which 
will save what breeding stock we have and give it a chance to mul- 
tiply; and (2) bettering conditions on the breeding grounds, includ- 
ing elimination of natural enemies and improvement in the supply 
of the vegetation furnishing cover and food. The Biological Survey 
is interested in all these efforts and stands ready to give information 
and assistance to individuals or organizations desiring to carry on 
such work. 

The present report is the first of a series designed to present in- 
formation on the breeding, wintering, and hunting grounds of water- 
fowl in the United States. It consists of a report by Dr. Harry C. 
Oberholser’on the water birds, together with data on the numbers 
and species occurring during the breeding and hunting seasons in 
Nebraska, chiefly in the sandhill region, which information is a 
necessary basis for protective legislation; and a report by Mr. W. L. 
McAtee on the vegetation of 44 lakes of the sandhill region, together 
with notes on the value of the plants as wild-duck food, and sug- 
gestions for improvements. 



Part I—WATERFOWL IN NEBRASKA. 

By Harry C. OBERHOLSER, Assistant Biologist. 

INTRODUCTION. 

The principal waterfowl! breeding ground in Nebraska is the sand- 
hill region with its numerous lakes. This area has long been famous 
as a resort for water birds when migrating; consequently, it has 
offered great inducements as a hunting ground and has attracted 
thousands of hunters from all parts of the country, some coming 
from points as far distant as New York and San Francisco. This 
region not only harbors myriads of ducks during spring and autumn, 
but is one of the few extensive waterfowl breeding grounds remain- 
ing in the United States. In order to determine the numbers and 
distribution of the waterfowl of Nebraska, the various breeding 
grounds in Brown, Cherry, Garden, and Morrill Counties were visited 
by the writer in J une, 1915. Practically all the lakes in central and 
eastern Cherry County were examined, great assistance being ren- 
dered by Mr. U. G. Welker, then postmaster at Dewey Lake, him- 
self an experienced hunter; also a large number of the lakes in Gar- 
den and Morrill Counties were visited, and careful observations were 

made of the water birds living on them. At the Orlando Ranch, in 
the former county, work was greatly facilitated by the open-handed 
hospitality of Col. S. Avery, its owner. During October of the 
same year many of the lakes were revisited; a trip was made to the 
lakes of the North Platte Irrigation Project, near Scotts Bluff; and 
a careful examination was made of a considerable section of the 
Platte River between Grand Island and Silver Creek. Much valu- 
able information concerning the sandhill region and its birds was 
furnished by Dr. Robert H. Wolcott and Prof. Myron H. Swenk, of 
the University of Nebraska, who also afforded every possible facility 
for the prosecution of these investigations. 

EFFECT OF FEDERAL PROTECTIVE LAWS. 

It is the universal testimony of residents and of sportsmen that 
the myriads of ducks which in former times frequented the sand- 
hill region, particularly during spring and fall, have been greatly 
reduced. This diminution is due in part to spring shooting, but also 
to a number of other causes, including the slaughter of ducks in 
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great numbers both south and north of Nebraska. The migration 
flights here, however, are still large and show that there remains 
a good supply of waterfowl, which with proper protection and 
reasonable regulation of shooting will continue indefinitely to fur- 
nish excellent sport. The breeding waterfowl of the sandhills also 
have suffered from hunters, particularly in spring. On many of 
the lakes there are clubhouses owned by sportsmen from cities out- 
side of the county, who were long in the habit of shooting here 
regularly in spring. As a natural consequence, the breeding ducks 
were seriously interfered with and very greatly reduced in numbers. 

The regulations issued by the Department of Agriculture under 
Federal laws protecting migratory birds have prohibited spring 
shooting throughout the United States as a necessary means of pro- 
tecting ducks during the spring migration and the early part of 
the breeding season. Since the enactment of the Federal statute 
of 1913, known as the Federal migratory-bird law, there has been 
comparatively little spring shooting in the sandhill region, for the 
law seems to have been very well observed. In fact, there seems to 
be among the inhabitants of the country much sentiment in favor of 
the abolition of spring shooting, and in this respect no hostility to 
the Federal law, for many people who live here seem to regard the 
ducks as undesirable and unfit for food in spring. 

In all the localities that the writer visited he made careful in- 
quiries regarding the effect that the stopping of spring shooting has 
had on the numbers of waterfowl, particularly ducks. It is very 
gratifying to note that after the Federal law went into effect ducks 
began steadily to increase in Nebraska, particularly in the lakes of 
eastern Cherry County, those about the headwaters of the North 
Loup River, and at the Cody Lakes. As one resident expressed it, 
as soon as the ducks find out that they will not be disturbed in 
spring, they come back in increasingly large numbers. 

FUTURE OF WATERFOWL IN THE SANDHILL REGION. 

In its natural state—that is, unaffected by the presence of man— 
the sandhill region of Nebraska is an ideal breeding place for 
waterfowl. It is, indeed, one of the very best’ of the remaining 
breeding grounds. The great number of marshy lakes, with their 
abundant supply of food, shelter, and breeding places, together 
with the relative absence of enemies, provide advantages which it 
would be difficult to surpass; and it would be interesting to know 
the exact conditions here before the advent of the white man. For 
various reasons the group of lakes in eastern Cherry County and the 
lakes of Garden and Morrill Counties are at present by far the 
most important from the standpoint of protection of ducks on their 
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breeding grounds, although the other groups of lakes already men- 
tioned, as well as many scattered bodies of water throughout the 
entire sandhill region, form the breeding ground for comparatively 
large numbers of birds. The settling up of this region opened the 
lakes to sportsmen, and they have made good use of their oppor- 
tunity. Other things being equal, water birds do not thrive in 
thickly settled sections, and with the laying out of the country into 
farms they have a natural tendency to disappear, owing to the drain- 
ing of the lakes and the elimination of their breeding grounds, and 
also to frequent disturbances during the breeding season. Therefore, 
one can not reasonably expect large numbers of resident ducks in a 
thickly settled farming region, for their protection becomes more 
difficult with the increase of population. 

In the sandhill region the early settlements were made chiefly 
by cattlemen, who took large holdings, and not until the Kinkaid 
law went into effect was there much general addition to the inhabi- 
tants. This law permitted the homesteading of an entire section of 
land after only three years’ residence, and resulted in the taking up 
of practically all the land in this region, as well as in a great 
increase of population. A continued increase in the population 
would seriously menace the future of the breeding waterfowl in this 
region. Only a very small proportion of the land, however, is 
suitable for farming, but it all is an ideal cattle range, since the 
sandhills afford good pasture and the hay meadows of the valleys 
furnish an abundance of winter feed. Thus, not only is the small 
landholder usually unable to make a living at farming, but his 
holdings are likewise too small to make stock raising profitable. 
Consequently, he is sooner or later constrained to sell out and 
move elsewhere. From this cause title to the land is gradually 
drifting into the hands of the large landholders, who in a compara- 
tively short time will probably obtain control of the entire area 
available for grazing in the sandhills. It naturally follows that 
the population during the past few years has been growing smaller, 
and will probably still further decrease; and as the land is not so fit 
for anything as for stock raising, it is not likely that much change in 
this respect will take place in the future. Thus a possible menace to 
waterfowl in a great increase of human population is definitely and 
doubtless permanently removed. Furthermore, there is here practi- 
cally no danger of the destruction of the grass from overstocking 
of the grazing ranges. 

In some places, however, other difficulties of greater or less moment 
are arising. At the group of lakes in Brown County, where the 
character of the soil is considerably better for farming than in other 
parts of the sandhills, there is apparently a larger permanent popu- 
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lation, and many of the best lakes lie close to human habitations and 
are thus easily accessible, which probably will considerably decrease 
their value as breeding grounds for waterfowl. This is partially sub- 
stantiated by the fact that in this place comparatively little increase 
has been apparent in the number of birds since the Federal protec- 
tive laws went into effect; while in the more remote regions, such as 
the lakes of eastern Cherry County, the good results from the law 
have been very marked. Disappearance of marsh vegetation, fol- 
lowing the draining of lakes by ditching for the purpose of convert- _ 
ing them into hay meadows, also operates to greater or less extent 
against the protection of waterfowl. A number of lakes have, in this 
way, been made undesirable for water birds, and these, too, lakes 
which were particularly attractive to them. In a few cases, how- 
ever, the water drawn off has formed other lakes which have in a 
measure made up for the loss. Draining has been practiced most 
among the lakes at the headwaters of the North Loup River and in 
Morrill and Garden Counties, but there is apparently no danger 
that this wall be carried to a much greater extent than at present, nor 
is it likely to be extended to the lakes of eastern Cherry County, the 
Cody Lakes, or the lakes of Brown County. 

NATURAL ENEMIES. 

In the Nebraska sandhill region the waterfowl and game birds 
have relatively few natural enemies. Hawks are not numerous, and 
those of most frequent occurrence, such as the marsh hawk, the fer- 
ruginous rough-legged hawk, and the Krider red-tailed hawk, do little 
damage to birds. The prairie falcon and the Cooper hawk, which 
are well-known enemies of birds, are fortunately not common enough 
in this region to make their presence of serious import. Perhaps 
the most destructive enemies are the skunk and the coyote, which 
often destroy eggs in the nest, occasionally kill the adult birds, and 
not infrequently catch young ducks and other waterfowl. Another 
drawback to breeding is the frequent hail storms, which kill ducks 
and other birds on their nests, break the eggs, and destroy young 
birds. 

Man, of course, is the birds’ greatest enemy, and were he but 
absent from the sandhill region, there would be no problem of game 
protection. It is almost unnecessary to state, however, that if the 
pursuit of game were to be continued as recklessly and persistently 
at all times of the year as before the passage of Federal laws pro- 
tecting migratory birds, the time would not be distant when there 
would be no birds to shoot; hence, if the game is to be preserved for 
the future sportsman, as well as for the naturalist, there must be 
some effective restrictions. With such advantages as the sandhill 
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region offers there is little difficulty in inducing water birds to breed 
in numbers almost anywhere, and when they are not disturbed they 
become exceedingly tame and-unsuspicious. On Dewey Lake, in 
eastern Cherry County, where the writer remained about two weeks, 
blue-winged teal and coots, apparently unmindful of the presence 
of human beings, would come regularly, morning and evening, into 
a little lagoon in the very yard not over 40 or 50 feet from the 
house, and on more than one occasion a mallard brought her brood 
of young there. This, as much as anything, shows how quickly the 
ducks respond to proper encouragement. At the Palmer Ranch, near 
the head of the North Loup River, the proprietors regularly feed the 
ducks and other game birds in autumn, on account of which the 
birds become almost semidomesticated. Among the ranchmen in 
general there is apparently an increase in sentiment against hunting 
on their land, which augurs well for the water-bird population, since 
the small number of birds taken by the local inhabitants does not 
seriously affect the numbers of even the breeding species. In line 
with this, it is interesting to note that where the winding trails that 
answer for roads in much of this country pass through the fences 
of the ranch pastures the sign “ No hunting!” guards many of the 
gates. 

The shooting of ducks in spring while they are migrating and pre- 
paring to settle down to the duties of rearing families has two 
very injurious results. In the first place, if a female be killed, it 
means not only the loss of that individual bird but of the 8 to 
12 young which she would in the course of a month or two add to 
the waterfowl population. Secondly, the disturbances caused by 
frequent visits of hunters and the noise of continual discharging of 
firearms on the breeding grounds greatly annoy the birds and often 
prevent their breeding in the neighborhood. In fact, spring shoot- 
ing had practically driven ducks away from some of the best lakes 
in the sandhill region. Again, shooting too early in autumn is dis- 
astrous, for if the hunting season opens before the young ducks are 
able to take care of themselves they fall ready victims to the gun 
of the sportsman, or by the death of their parents they are left to 
shift for themselves before they are able to gain an independent 
livelihood. In the sandhill region the breeding season is chiefly 
during May and June, and practically all the ducks are strong on 
the wing by the first or middle of September; so that present laws, 
properly enforced, will give sufficient protection at this season. 

The protection and preservation of waterfowl as well as other 
game is not based wholly, as often seems to be the impression, on the 
ethical grounds of the preservation of the species, and therefore 
of interest to the naturalist only; it is also a matter of fundamental 
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concern to the sportsman, who would have no game to shoot were 
the birds exterminated. The sportsman therefore is vitally interested 
in game protection, and should be among the first, as in many places 
he is, to insist on proper protection for the objects of his sport. So 
far as the sandhill region of Nebraska is concerned, it is evident 
that comparatively little effort and restraint on his part will pro- 
duce excellent and desired results. It is necessary to protect the 
young birds in autumn by enforcing the law until the open season, 
and it is particularly necessary to preserve the breeding grounds 
and protect the birds there in spring and during the breeding 
season. In other words, the prevention of spring shooting is abso- 
lutely essential to the preservation of waterfowl in Nebraska; other- 
wise there will undoubtedly soon be an alarming decrease in the 
numbers of wild fowl, and possibly even the extermination of many 
of the species, at least in so far as they may be considered breed- 
ing birds of the State. With proper care, however, there should be 
an abundance of waterfowl for the continued future enjoyment of 
the sportsnian. 

HUNTING GROUNDS. 

Autumn shooting of waterfowl in Nebraska is of three kinds— 

lake, pond, and river. Of the first mentioned, the best is to be found 
in the lake regions of Brown County, eastern Cherry County, central 
and northern Cherry County, Garden and Morrill Counties, and at 
various scattered lakes in the central and western portions of the State. 
Pond shooting, while possible over more or less of the State, is at 
its best in the region comprising Adams, Clay, and Fillmore Counties, 
in the southeastern part of the State. River shooting is best on the 
Platte River between Ashland in the eastern part of the State and 
North Platte in the west-central section, particularly between Schuy- 
ler and Shelton in the eastern portion of the State. Hunting on 
the Missouri and on some of the smaller streams is of much less 
importance. 

WATERFOWL HUNTING IN THE AUTUMN OF 1915. 

Hunting conditions in Nebraska during the autumn of 1915 were 
somewhat unusual. This was due to at least two causes: the ab- 
normal rainfall throughout the spring, summer, and the greater 
portion of the autumn; and, secondly, the accompanying mild fall 
weather, both in Nebraska and in the regions much farther north. 
The excessive rainfall not only raised the level of most of the larger 
lakes and filled the streams of the State, but it also greatly increased 
the number of small temporary lakes and ponds. Thus the ducks 
found abundant water almost everywhere in the sandhills, as well 
as in the wet valleys. This resulted in a much more general dis- 
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persal of the water birds over the country than usual, especially 
throughout some of the more important groups of lakes. As a conse- 
quence the numbers on any particular lake were naturally not pro- 
portionately so large as they otherwise would have been, hence hunt- 
ing was somewhat more difficult. Another result of the great amount 
of water in the country was the high stage of most of the streams. 
This furnished, along the creeks and more sluggish small rivers, a 
much greater attraction for water birds than is ordinarily the case, 
since every marsh of any extent along such streams was converted 
into an excellent resort for the birds. On the other hand, the large 
rivers, like the Platte and the Missouri, were so full of water that 

the sand bars, which ordinarily form a resting place for waterfowl, 
were in large part covered, and the ducks were therefore inclined 
to seek more congenial feeding grounds in the still water of the ponds 
in the hills. 

Under normal conditions, October is the best month for waterfowl 
hunting in Nebraska, but owing to the mild weather and consequent 
late season, the October shooting of 1915 was largely confined to the 
birds which bred in Nebraska or in regions not far to the north. 

The flight of northern ducks was not fully under way until after 
the first of November, and as a consequence the northern species, 
which ordinarily flock about the lakes, ponds, and rivers of the 
State during the latter part of October, were conspicuous by their 
absence, or their comparative scarcity. During the first half of 
November, however, the birds were present in great numbers, ap- 
parently much greater than has been usual for the past few years; 
and, probably owing to the mild weather which prevailed at this time, 
tarriet in the State longer than ordinarily, many until early De- 
cember. 

Notwithstanding the high water and consequent scattering of the 
ducks and the lateness of the flight of northern birds, hunting during 
that month of October was, on the whole, unusually good; much 
‘better, I am informed, than it had been for a number of years. On 
almost all the best hunting grounds it was possible for any hunter 
without unusual exertion to obtain a good bag of ducks, and a failure 
was the great exception. This satisfactory condition of the hunting 
is credited by the gunners and residents of the region to the dis- 
continuance of spring shooting, by which has become possible the 
increase in the number of ducks reared both in Nebraska and 
farther north. In conversation with numerous hunters and others 
interested in hunting and the preservation of the game supply, it 
was noted that with comparatively few exceptions all were very much 
in favor of the prohibition of spring shooting, for it seems that they 
are now realizing what this means to the future game supply. 
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GENERAL DESCRIPTION OF THE SANDHILL REGION. 

The sandhill region of Nebraska is an irregular area lying in the 
north-central part of the State, extending east and west for about 250 
miles, north and south for about 140 miles, and occupying approxi- 
mately one-fourth of the State. There are also isolated areas in 
southwestern and in extreme western Nebraska, but these are of little 

importance from our present standpoint. Roughly speaking, the 
Niobrara River forms the northern boundary of the region, and, 
except in the eastern half, the Platte is the southern limit. In gen- 
eral, the face of the country is a succession of hills and valleys con- 
taining many lakes and occasional running streams. The hills, which 
are often steep, are mere piles of light-colored sand, for the most 

part under 200 feet in height and covered with a more or less 
luxuriant growth of various kinds of grasses. In most places the 
sand is fine, and, under the high winds which often prevail, is drifted 
over roads and fences to such an extent that travel is often interfered 
with and agriculture made difficult. A curious and characteristic 
feature of the landscape, produced by these high winds, is locally 
called a “blow-out”: it is a miniature crater in the side or top of a 
sandhill, which has been made by the continual action of the wind 
on an exposed portion of the slope. In places these “ blow-outs ” 
eat into the hills holes 50 or 60 feet deep and 100 feet or more in 
diameter, but usually they are much smaller. Aside from grass, the 
vegetation of these sandhills consists chiefly of yuccas (Yucca 
glauca), which in places closely dot the summits and slopes, at a 
distance giving to the hills a peculiarly spotted appearance. On 
some of the smaller hills and on the lower slopes of others there are 
numerous wild-rose bushes (fosa pratincola). The dwarf “sand 
cherry ” (Prunus besseyt) and the pale-foliaged amorpha (Amorpha 
canescens) are also abundant all over the hills; while in places there 
are also great patches of “buck brush” (Symphoricarpos). Showy 
flowers of various kinds, such as lupines, pentstemons, lithospermums, 
and others, grow in great profusion. 

The valleys between the sandhills are sometimes mere hollows, in 
character not noticeably different from the sandhills themselves; but 
the larger and deeper valleys are usually more or less level and occu- 
pied either by lakes or by meadows, the rank grass of which furnishes 
excellent hay. 

The lakes, which form one of the most interesting features of this 
region, and which are of supreme importance for the welfare of the 
waterfowl, occupy many of the larger valleys. These lakes are scat- 
tered all over the sandhill region, but by far the greater number lhe 
in a few groups, of which the most important are the following: 

(1) Lakes of eastern Cherry County. 
(2) Lakes at the head of the North Loup River. 
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(3) The Cody Lakes. 
(4) Lakes of Brown County. 
(5) Lakes of Garden and Morrill Counties. 
Many of these lakes are more or less ephemeral, though in recent 

years the area of a number of the larger lakes has grown and the 
permanency of the smaller ones inclined to become more certain. 
During unusually rainy seasons the number of temporary ponds is 

greatly increased, and sometimes these exist even among the sand- 
hills themselves. All these lakes are relatively small, most of them 
not over three or four miles long, the largest not over seven miles; 

and they vary from this down to bodies of water of not more than an 
acre or two, though few of the smallest are permanent. All are 
relatively shallow, ordinarily not over a few feet in depth, the 
greatest depth in any being not over 18 or 20 feet. The water of most 
of them is fresh, or nearly so, but in a few is rather strongly alkaline. 
Most of the lakes have no outlet except at very high water, and many 

of them not even then. 
With regard to the character of their shores, these lakes may be 

divided into four categories: (1) those in which the water is wholly 
or largely covered with vegetation; (2) those with a moderate 
amount of marsh or other vegetation growing in the water; (8) 
those with wholly grassy shores but with little or no visible vegeta- 
tion in the water; and (4) those with sandy shores and with little or 
no vegetation growing in the water. Of these four the first two are 
as a rule most favored by ducks, though on some of the lakes of the 
other two many ducks are sometimes found. 

The vegetation of these lakes, aside from the grassy turf which 
forms the margin of many, consists chiefly of various kinds of 
sedges, rushes, and coarse grass, growing chiefly in the water; on 
some there are also more or less extensive areas grown up to wild 
“cane” (Phragmites communis), cat-tails (Typha latifolia), and 
wild rice (Zizania palustris), together with yellow waterlilies 
(Nymphaea advena). These and other plants which furnish food 
for the ducks are dealt with in Part II of this report. 

The few perennial streams of the sandhills, chiefly the heads of 
rivers, flow, except for the marshy valleys at or near their sources, 
through canyons which they have cut for themselves in the plain. 
Most of these canyons, however, are narrow and not of great depth. 
Within the sandhill region proper there is little vegetation along 
these streams, though at its edge and in the plains country sur- 
rounding it the canyons are usually more or less heavily wooded 
with oaks, pines, elms, junipers, and other similar trees. In fact, 
about the only trees of any consequence in the sandhills are the 
cottonwoods that have been planted about the lakes and near ranches. 
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The mammals of this region are the characteristic species of the 
Great Plains. On the upland there are numerous coyotes, thirteen- 
lined ground squirrels, Kennicott ground squirrels, white-tailed 
jack rabbits, prairie dogs, badgers, pocket gophers, and long-tailed 
skunks. About some of the rivers and lakes there are still beavers 
and a good many minks and raccoons, while apparently the most 
abundant mammal of the lakes is the muskrat, for its houses are to 
be seen on almost every permanent body of water. The American 
antelope, which formerly was abundant in this region, is now rare 
though occasionally seen. 
The birds of the sandhill region, other than the waterfowl which 

will be separately and specially treated in the present bulletin, 

though not of a great many species, are yet fairly numerous. Among 
the land birds the most conspicuous inhabitants of the reeds and 
rushes in the marshes about the lakes are the red-winged and yellow- 
headed blackbirds, while an occasional long-billed marsh wren chat- 
ters away from his hiding place among the rank vegetation. In 
the thickets bordering the lakes and some of the streams the Bell 
vireo, yellow warbler, and Maryland yellowthroat are to be found. 
The eastern meadowlark is unusually abundant in most of the valley 
“meadows, while the western meadowlark is equally numerous on the 
higher lands, though both often occur on the same ground. The 
eastern meadowlark was traced as far west as Phalarope Lake, in 
northwestern Garden County, where several individuals were seen 
and heard on June 22, 1915; and the Hague Lakes, just south of 
Rush Lake, in northeastern Morrill County, where it was noted as 
common on June 21. The melodious song of the bobolink may be 
heard throughout the summer in many of the meadows. Prairie chick- 
ens and sharp-tailed grouse are common almost everywhere, both in 
the sandhills and in the grassy valleys; but the bob-white is every- 
where rare. The kingbird and the barn swallow are found about 
almost all the rather scattered ranches of the region, while the orchard 
oriole and warbling vireo inhabit less regularly the trees and groves 
in the same places. The grassy sandhills are almost everywhere 
inhabited commonly by the vesper and grasshopper sparrows, while 
the lark bunting, conspicuous by its black and white plumage and 
marvelous mockingbird-like song, may be seen all over the plains and 
sandhills. Other common birds of general distribution are the 
mourning dove, the nighthawk, the horned lark, and the cowbird, 
and in almost every prairie-dog town the curious-mannered burrow- 
ing owl. 

LAKES OF EASTERN CHERRY COUNTY. 

In the central eastern portion of Cherry County lies a group of © 
about 65 lakes covering an area about 35 miles square. In the middle 
where the lakes are closest together they are in some cases only a 
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BI6350 

Fic. I1.—WILLOW LAKE, EASTERN CHERRY COUNTY, NEBR. 

Showing sandy character of shore. Many species of ducks frequent this lake. 

B16363 

Fic. 2.—_DADsS LAKE, EASTERN CHERRY COUNTY, NEBR. 

Showing grassy shore. <A breeding ground for the blue-winged teal. 
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few rods apart, but toward the periphery they are separated some- 
times by several miles. From a high point on the southern side of 
Dewey Lake, 9 or 10 of the largest lakes can be seen, and many more 
undoubtedly would be within sight but for the high intervening 
sandhills. ‘These lakes are mostly without outlets, except at very 
high water; yet, notwithstanding this, only two or three are strongly 
alkaline, those most so being Big Alkali Lake, Little Alkali Lake, 
and Alkali Lake. Nearly all are permanent bodies of water, that is, 
they do not dry up during the summer, except perhaps during ex- 
ceptionally rainless seasons. They comprise the largest lakes of all 
the sandhill region, the biggest being Dads Lake, which is about 
seven miles long and a mile or so in greatest width. Most of these 
lakes have shores partially grassy or sandy, but have along their 
borders at least a small amount of marsh; but Clear Lake, Big Lake, 
White-water Lake, Beaver Lake, Rat Lake, Corneil Lake, Durbin 
Lake, Coleman Lake, Harold Lake, Cedar Lake, Belsky Lake, and 
Alkali Lake have so little that it is of no real importance. Big Alkali 
Lake, Little Alkali Lake, Willow Lake, Dads Lake, Clear Lake, and 
Muleshoe Lake, together with some others of less importance, have 
shore lines partly or wholly sandy, although along most of them 
there is at least a small stretch of marsh. Other lakes of this group 
which have a greater or less area of marsh are Dewey Lake, Hack- 
berry Lake, Trout Lake, Watts Lake, Chamberlain Lake, Red Deer 
Lake, Johnson Lake, Foster Lake, Hanna Lake, Pearson Lake, and 
Pelican Lake. The most important lakes that are wholly or largely 
covered with vegetation are Ballard Swamp, the valley known as 
North, Middle, and South Marsh, Wendler Swamp, Molly Marsh, 
Twenty-one Lake, the Sweetwater Lakes, South School Lake, West 
Rogers Lake, and Tate Lake. 

So far as its breeding water birds are concerned, this group of 
lakes is the most important in the sandhills, for, with few excep- 
tions, the various kinds of waterfowl] are, in summer, more abundant 
here than anywhere else in the region. Many species, including 
several kinds of ducks, are very numerous, and some of the lakes 
present an exceedingly interesting: spectacle during the nesting 
season. The most frequently observed breeding species throughout 
this group of lakes are, in the order of abundance, the black tern, 
blue-winged teal, American coot, American eared grebe, shoveller, 
pintail, mallard, and Wilson phalarope. Well distributed but less 

- numerous are the killdeer, upland plover, and ruddy duck. 
This part of Cherry County is a noted resort for hunters, many 

of whom go regularly every year to enjoy the unusual advantages 
for sport which the locality affords. Visiting sportsmen have built 
clubhouses on many of the lakes for their convenience when hunting. 
The clubhouses now in existence include the following: Red Deer 
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Club, at the eastern end of Red Deer Lake; Fremont Club, western 
end of Red Deer Lake; Long Pine Club, eastern end of North Marsh 
Lake; Johnstown Club, eastern end of Middle Marsh Lake; Council 
Bluffs Club, southern side of South Marsh Lake; Hackberry Hunt- 
ing Club, western end of Hackberry Lake; Valentine Hunting Club, 
northern side of Molly Marsh Lake; Dewey Lake Hunting Club, 
western end of Dewey Lake; and Wood Lake Hunting Club, north- 
ern side of Dewey Lake. 

Throughout this part of eastern Cherry County the level of many 
of the larger lakes was considerably higher in October, 1915, than 
in the previous June; and there were many additional ponds and 
smaller lakes scattered throughout the country. As a consequence, 
several of the large lakes, which under ordinary circumstances have 
no outlet, were discharging in a stream of considerable volume. This 
will have a considerable and more or less permanent effect upon the 
character of the water in these lakes, some of which by isolation 
had become rather strongly alkaline and thereby less attractive than 
before to waterfowl. Water birds, particularly ducks, were numer- 
ous throughout these lakes, more so than they had been for several 
years past at this time, notwithstanding the fact that comparatively 
few northern ducks were present during the time of our visit. There 
was not so much hunting, apparently, as usual at this time of year, 
though at many of the lakes parties were out every day. 

Observations were conducted in this group of lakes from June 3 
to June 18 and from October 5 to October 12, 1915. 

WATER BIRDS OBSERVED JUNE 3-18, 1915. 

GAME BIRDS. NONGAME BIRDS. 

Hooded merganser. 

Mallard. 

Gadwall. 

Baldpate. 

Green-winged teal. 

Blue-winged teal. 

Shoveller. 

Pintail. 

Redhead. 

Canvas-back. 

Ring-necked duck. 

Ruddy duck. 

Virginia rail. 

Florida gallinule. 

American coot. 

Western willet. 

Upland plover. 

Long-billed curlew. 

Horned grebe. 

American eared grebe. 

Pied-billed grebe. 

Forster tern. 

Black tern. 

American bittern. 

Great blue heron. 

Black-crowned night heron. 

Wilson phalarope. 

Spotted sandpiper. 

Killdeer. 
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WATER BIRDS OBSERVED OCTOBER 5-12, 1915. 

GAME BIRDS. 

Hooded merganser. 

Mallard. 

Gadwall. 

Baldpate. 

Green-winged teal. 

Blue-winged teal. 

Shoveller. 

Pintail. 

Redhead. 

Canvas-back. 

Lesser scaup duck. 

NONGAME BIRDS, 

Horned grebe. 

American eared grebe. 

Pied-billed- grebe. 

Loon. 

Ring-billed gull. 

Franklin gull. 

Forster tern. 

American bittern, 

Great blue heron. 

Black-crowned night heron. 

Killdeer. 
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Bufflehead. 

Ruddy duck. 

Little brown crane, 

Sandhill crane. 

American coot. . 

Wilson snipe. 

LAKES AT THE HEAD OF THE NORTH LOUP RIVER. 

The group of lakes at the head of the North Loup River comprises 
ebout 20 bodies of water, in general character very similar to those 
of eastern Cherry County. -They lie within an area of 30 miles east 
and west and about 10 miles north and south; and, with the ex- 
ception of the westernmost, are relatively close together, most of 
them from a quarter of a mile to 3 miles apart. The greater num- 

_ber are permanent, though without outlets and therefore more or 
less alkaline; a few, such as Brush Lake, Mud Lake, and Jumbo 
Lake, drain into the North Loup River. Nearly all are relatively 
small, not over a mile or two in length, several of them even less 
than half a mile long. Silver Lake, Red Willow Lake, White Wil- 
low Lake, and -‘Speckelmire Lake, all of Which are excellent duck 
lakes, have little or no marsh about their borders, and some of these, 
particularly Silver Lake, have partially sandy shores. The Twin 
Lakes and Mud Lake have a great part of their margins more or 
less sandy, and are almost deserted by ducks during the summer. 
Three of the lakes once having the greatest extent of marsh, and there- 
fore furnishing excellent cover for breeding waterfowl, namely, Brush, 
Scott Pullman, and Jumbo, have been ditched and drained for the 
purpose of utilizing their valleys as hay meadows. - Some of the 
other lakes, however, have more or less marsh that is attractive to 
water birds. 

Water birds are here fairly plentiful in summer, though on ac- 
count of the small number of lakes and the draining of some of the 
best of these, the region is not of so much importance as either the 
eastern Cherry County group or the lakes of Garden and Morrill 
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Counties. The most numerous breeding species, in the order of 
abundance, are the black tern, American eared grebe, American coot, 
canvas-back, mallard, ruddy duck, blue-winged teal, shoveller, pin- 
tail, and gadwall. Other species fairly well distributed but less 
numerous are the killdeer, Wilson phalarope, and black-cro med 
night heron. Other kinds are much more poorly represented. 

This locality was visited on June 15, 16, and 17, and the coi. >lete 
hist of breeding waterfow] observed is as follows: 

GAME BIRDS. NONGAME BIRDS. 

Mallard. American eared grebe. 

Gadwall. Forste1 tern. 

Blue-winged teal. Black tern. 

Shoveller. American bittern. 

Pintail. Black-crowned night heron. 

Redhead. Wilson phalarope. 

Canvas-back. Killdeer. 

Ring-necked duck. 

Ruddy duck. 

American coot. 

Upland plover. 

Long-billed curlew. 

THE CODY LAKES. 

There are three lakes a few miles north of the town of Cody, 
Nebr., and along the boundary line between the States of Nebraska 
and South Dakota. They are small and permanent, two of them 
lying about a mile apart and the third, Clear Lake, situated some 
6 miles west of the others. North Cody and South Cody Lakes are 
each about 2 miles long and from one-fourth to one-half a mile wide, 
while Clear Lake is an irregular oval body of water about a mile in 
greatest diameter. AJ]. have extensive marshes, while South Cody 
Lake and Clear Lake have also some sandy shore line. 

The most abundant of the breeding water birds at these lakes are 
the black tern, American eared grebe, American coot, killdeer, blue- 
winged teal, and pintail. 

These lakes were visited on June 1, 1915, and the following list of 
breeding water birds noted: 

GAME BIRDS NONGAME BIRDS. 

Mallard. American eared grebe. 

Baldpate. Pied-billed grebe. 

Blue-winged teal. Forster tern. 

Shoveller. Black tern. 

Pintail. American bittern. 

American coot. Wilson phalarope. 

Long-billed curlew. Killdeer, 
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LAKES OF BROWN COUNTY. 

The lakes of Brown County number about 25, and lie in the south- 
western portion. They are scattered over an irregular area about 
10 miles east and west and about 14 miles north and south. Moon 
Lake, the largest of the group, is about 34 miles long and somewhat 
more than half a mile wide at its widest point, but most of the others 
are much smaller, though Enders Lake, including its “ overflow,” 

is some 2 miles in length, and Long Lake even more. Moon Lake, 
one of the northernmost, is separated from the more southern lakes 
by several miles, but all the others he much closer together, usually 
not over a mile apart, and in many cases much less. While few 
have outlets, none except Alkali Lake are very strongly alkaline. 
Most of them are permanent, though a few of the smaller ones dry 
up during the summer. Moon Lake, Willow Lake, Alkali Lake, 
Crystal Lake, and Long Lake have little or no marsh about their 
borders, but Filbrick Lake, Marsh Lake, and the “ overflow” of 
Enders Lake are almost entirely surrounded by heavy growths of 
water vegetation. Most of the others have at least a small area of 
marsh. Enders, Marsh, Clear, West Chain, Diamond, and Rat Lakes 
seem to be the best for ducks, while the Twin Lakes, Crystal, Alkali, 
Long, and Post (or Clapper) Lakes harbor comparatively few. 
Post Lake and Long Lake are apparently too near human habitations 
to be successful breeding grounds for waterfowl, and Willow Lake 
is too much frequented by fishermen. Crystal] Lake furnishes no good 
breeding or feeding ground, but why the Twin Lakes are not in- 
habited by more water birds is not apparent. 

Water birds are fairly well represented in this region during the 
summer, though much less so than.in eastern Cherry County. Per- 
haps this is partially accounted for by the more thickly settled con- 
dition of the country and by the great amount of hunting in years 
past. The most abundant species of breeding water birds in this 
area, in their order, are the black tern, American coot, blue-winged 
teal, American eared grebe, shoveller, mallard, gadwall, black- 
crowned night heron, and pintail. Others that are fairly well dis- 
tributed throughout this region, but less numerous, are the killdeer 
and the upland plover. 

As in eastern Cherry County, the exceptional rainfall of the pre- 
vious few months had, in the autumn of 1915, raised the level of 
many of the larger lakes, and in some cases converted a more or less 
temporary pond or marsh into a permanent lake. Water birds in this 
section were at that time fairly numerous, though ducks were by no 
means so abundant as in eastern Cherry County, and from all ac- 
counts were little, if any, more so than usual. At the time of our 

120368°—20—Bull. 7942 
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autumn visit, October 10 and 11, we were told that there had been 
comparatively little hunting in the neighborhood, and that the sev- 
eral clubhouses which are situated on the shore of Enders Lake had 
rot been in use so far during that season. Hunting on some of the 
lakes with proper blinds was good, and we were told that most of 
the hunters who had been out had reported fair success. 

‘Water Brrps OBSERVED JUNE 13-15, 1915. 

GAME BIRDS. NONGAME BIRDS. 

Mallard. American eared grebe. 

Gadwall. Pied-billed grebe. 

Blue-winged teal. Franklin gull. 

Shoveller. Forster tern. 

Pintail. Black tern. 

Redhead. American bittern. 

Canvas-back. Black-crowned night heron. 

Ring-necked duck. Wilson phalarope. 

Ruddy duck. Killdeer. 

American ¢oot. 

Upland plover. 

WatEeR Brrps OBSERVED OCTOBER 10-11, 1915. 

GAME BIRDS. NONGAME BIRDS. 

Mallard. American eared grebe. 

Gadwall. Pied-billed grebe. 

Baldpate. Franklin gull. 

Green-winged teal. American bittern. 

Blue-winged teal. Black-crowned night heron. 

Shoveller. Semipalmated sandpiper. 

Redhead. 

-Canvas-back. 

Lesser scaup duck. 

Ruddy duck. 

Whooping crane. 

American coot. 

LAKES OF GARDEN AND MORRILL COUNTIES. 

The group of some 90 or more lakes in the central and western 
parts of Garden County, and in the eastern part of Morrill County, 
extends over an area some 30 miles east and west and 25 miles north 
and south. Most of them are small, usually not over a mile in length, 
though Swan Lake is 3 or 4 miles long, and both Crescent and 
Beaver (or Blue) Lakes are about 2 miles long and a mile or more 
in width. The lakes in this region lie usually close together, and in 
most places it is difficult to travel for more than a mile or so in any 
direction without coming upon a lake. Many of them dry up during 
the hottest part of the summer and during seasons with little rain. 



WATERFOWL IN NEBRASKA. 19 

Practically all are without outlets, though only a few, such as Alkali 
Lake, about 6 miles east of Moffitt, are more or less alkaline. In 
eeneral character they are typical sandhill lakes. Some, like Rush 
Lake, which has been mostly drained, Ed Eldred Lake, and Reno 
Lake, are largely covered with vegetation and, having little open 
water, are scarcely more than marshes. Others, like Alkali Lake, have 
practically no marsh, but sandy or marshy shores; yet many of the 
lakes even of this character possess some area of marsh. A few, like 
Beaver Lake and Old Lady Lake, with largely grassy or sandy 
shores, lie almost entirely surrounded by rather steep sandhills. Such 
lakes are not very attractive to waterfowl, particularly in summer. 
Swan Lake, which is a noted duck-hunting ground, particularly in 
the fall, is probably the best-known lake of this region. It is a 
-erooked lake of not more than half a mile or a mile in greatest 
breadth and consists really of two lakes connected by a narrow 
passage. It drains eastward through a small lake called Jones Lake, 
and has comparatively little good marsh except in its eastern and 
western portions and along its sluggish outlet. It is, however, ap- 
parently a fairly good feeding and breeding ground for ducks in 
summer. Bean Lake, on which is Orlando, is one of the larger lakes 

-of the region, as well as one of the best for ducks, and has a good 
fringe of marsh around a considerable portion of its shore. The 
Hague Lakes have been apparently made permanent by the drain- 
ing into them of the water from Rush Lake, and while they have not 
extensive areas of marsh, are good places for ducks, even in the sum- 
mer. Many of the small lakes, like Crosser Lake, Charlie Lake, and 

Harrison Lake, are excellent breeding grounds for waterfowl, espe- 
cially during wet seasons, for they have a good fringe of marsh vege- 
tation. This whole area, and particularly its southern portions, is 
visited in autumn by ducks in countless numbers and is a renowned 
hunting ground. 
Water birds are fairly numerous in summer throughout this group 

of lakes, and consist of much the same species that frequent the other 
sandhill waters. The only species of common occurrence not noted 
elsewhere in the sandhills is the American avocet, which was found 
at the Hague Lakes, at Wild Goose Lake, Young Lake, Ed Eldred 

Lake, Swan Lake, Jones Lake, and Alkali Lake on June 21; and near 
Trainor Lake, near the Peterson Lakes, and at Phalarope Lake on 

June 22. The most numerous species here, during summer, in the 

order of abundance, are the American coot, redhead, American eared 
grebe, shoveller, blue-winged teal, gadwall, Wilson phalarope, black 
tern, ruddy duck, pintail, and killdeer. Others that are present in 
much fewer numbers but fairly well distributed are the mallard, 
American avocet, and black-crowned night heron. 
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As was the case with the other groups of Nebraska lakes visited 
during the autumn of 1915, the amount of water in these was con- 
siderably greater than usual at that time of the year, and this con- 
dition had a corresponding effect on the waterfowl. Birds in this 
region were, according to reports which we received, more numerous 
than is common in the autumn, notwithstanding the fact that the 
northern birds had not yet put in an appearance in any considerable 
numbers. Hunting was about as good as usual, although consid- 
erably more had been done here than in some of the other places 
we had visited; hence the birds were more unevenly distributed, hav- 
ing taken refuge on certain of the less-frequented bodies of water. 
There are comparatively few hunting lodges in this region, but the 
ranch houses serve this purpose for visiting sportsmen. 

WATER BIRDS OBSERVED JUNE 21-22, 1915. 

GAME BIRDS. NONGAME BIRDS. 

Mallard. — American eared grebe. 
Gadwall. Forster tern. ; 
Blue-winged teal. American bittern. 

Shoveller. Black-crowned night heron. 

Pintail. Wilson phalarope. 

Redhead. American avocet. 

Canvas-back. Killdeer. 

Ruddy duck. 

American coot. 

Western willet. 

Upland plover. 

Long-billed curlew. 

WateR Brirps OBSERVED OcToBER 14-15, 1915. 

GAME BIRDS. NONGAME BIRDS. 

Mallard. American eared grebe. 

Gadwall. Pied-billed grebe. 

Green-winged teal. Ring-billed gull. 

Blue-winged teal. American avocet. 

Shoveller. 

Pintail. 

Redhead. 

Canvas-back. 

American coot. 

THE PLATTE RIVER. 

The Platte River at the time of our visit—October 21-22, 1915— 
was unusually high for this season, and in many places was running 

full from bank to bank, covering most of the extensive sand bars and 

flats that are normally bare. This rendered unavailable much of the 
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B16403 

Fic. I.—SHIP CREEK, BETWEEN ROUND LAKE AND DucCK LAKE, WESTERN 
CHERRY COUNTY, NEBR. 

A good feeding ground for ducks. 

BI6424 

Fic. 2.—DUCK HUNTERS’ CABIN ON THE PLATTE RIVER NEAR GRAND ISLAND, 
NEBR. 
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resting grounds for ducks and interfered considerably with river 
shooting, as most of the ducks had taken refuge back in the hills. 
A number of hunting parties were seen, however, by whom hunting 
conditions were reported to be better than usual, even though the 
northern birds had not yet come down in any considerable numbers. 
Hunting is carried on here chiefly by building blinds on the small, 
low islands and sand bars of the river, and there is practically no 
shooting from the shore. We saw a considerable number of hunting 
lodges scattered along the river all the way from Grand Island to 
Schuyler, most of them situated on the banks, but some built on 
islands that were above the reach of the water even at flood stage. 
Owing to the conditions above mentioned and to the fact that our 
visit was cursory and most of it late in the day, comparatively few 
waterfowl were seen. Even under normal conditions the ducks along 
the river are best observed early in the morning, since they retire to 
rest during the later hours of the day; and they do not seem to be as 
active, except in the morning, as they are about the ponds and lakes. 
The following birds were noted: 

GAME BIRDS. 

Mallard. Shoveller. 

Gadwall. Pintail. 

Green-winged teal. Canada goose. 

LAKES OF THE NORTH PLATTE IRRIGATION PROJECT. 

The three artificial lakes of the North Platte Irrigation Project 
have been in existence a comparatively short time, but they are 
apparently the resting place for some numbers of waterfowl on their 
migration, and possibly in due time will attract a number of breeding 
birds. All have grassy shores without rushes or marshes about their 
borders, and all, particularly Winter Creek Lake, are said to be fre- 

quented by ducks in considerable numbers during fall and spring, 
but very little in summer. Some hunting used to be done here, but, 
as there is no cover about the lake margins, the ducks are not easily 
shot. These lakes were visited on October 19, and on this date very 
few water birds of any kind were seen, it apparently being an 
unfavorable day for birds on lakes exposed, as are these, to the high 
wind. Probably at other times the conditions and results would 
have been more favorable. The only water birds observed were as 
follows: 

GAME BIRDS. 

Green-winged teal. Canvas-back. 

Redhead. Lesser scaup duck. 
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ANNOTATED LIST OF WATER BIRDS IN THE SANDHILL AND 
PLATTE RIVER REGIONS OF NEBRASKA. 

The following list comprises all the water birds known to breed in 
the sandhill region of Nebraska. Those not met with by the writer 
are indicated by a dagger (+). With these are included those ob- 
served by the writer during June and October, 1915, in the sandhills 
and in the Platte River region; and such of these as are not known to 
breed in the State are indicated by an asterisk (*). The annotations 
are nearly all from the writer’s observations. Autumn notes are 
placed in separate paragraphs. 

Game Birds. 

* RED-BREASTED MERGANSER. Mergus serrator. 

A single female on Pelican Lake, June 10, and another on Big Lake, June 7, 

both in eastern Cherry County, were the only ones observed. 

HOODED MERGANSER. Lophodytes cucullatus. 

This is one of the rarest summer ducks in the sandhill region, where it fre- 

quents chiefly the lakes. The writer’s only records are a single bird seen on 

Dewey Lake, June 12; 2 seen on Dads Lake, June 18; 2 on Mud Lake, in east- 

ern Cherry County, June 8; and 1 on Alkali Lake, in southeastern Cherry 

County, June 18. 

In eastern Cherry County 1 was seen on Red Deer Lake, October 6; 2 shot 

on Pelican Lake, October 7, and 2 on October 8; 6 seen on Shoveller Lake, 

October 8; and 11 on White Water Lake, October 12. 

MALLARD. Anas platyrhyncha. 

Though not so abundant as some of the other breeding ducks, the mallard 

is numerous and well distributed, except in the lakes of Garden and Morrill 

Counties, where in summer it is much less frequent. It was noted at nearly 

all the eastern Cherry County lakes and was especially numerous at Dewey 

Lake, June 3 to 18; Pelican Lake, June 10; Big Lake, June 7; Marsh Lake, 

June 8; Trout Lake, June 11; Durbin Lake, June 10 and 12; and the eastern- 

most of the Sweetwater Lakes, June 12. Four were noted on South Cody Lake, 

June 1; and the species was common at most of the Brown County lakes, 

especially on Enders Lake and Marsh Lake, June 13 and 14. At Speckelmire 

Lake, near the head of the North Loup River, a flock of 45 was seen on June 

16; and the species was observed on the same date at Red Willow Lake, Duck 

Lake, Round Lake, and Silver Lake of the same group. At the lakes of 

Garden and Morrill Counties it was less numerous, though fairly well distrib- 

uted, the largest number (30) being seen on Moffitt Lake, June 21. It was also 

common on Swan Lake on June 21; Bean Lake, June 21 and 22; Trainor Lake, 

June 22; and the Peterson Lakes, June 22. This species inhabits both the 

lakes and the surface ponds, and is one of the best known of all the ducks in 

this region. A nest containing 9 eggs was seen on June 4 on a high sand- 

hill along the south side of Dewey Lake. This was placed on the ground amid 

the high grass and yucca plants and was exceedingly well concealed. It after- 

wards was broken up, however, apparently by a skunk or coyote. Two other 
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Bi6341 

Fig. I.—HILL ON SOUTH SIDE OF DEWEY LAKE, EASTERN CHERRY COUNTY, 

NEBR. 

Site of mallard’s nest, June 4, 1915. 

Bi6a67 

FIG. 2.—SANDHILLS COVERED WITH WILD Roses, SOUTH MARSH LAKE, 
EASTERN CHERRY COUNTY, NEBR. 

A good breeding ground for some species of wild ducks, 
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nests were found on June 18 in the grass close to the edge of Chamberlain 

Lake, in southeastern Cherry County, one containing 8, the other 8 eggs. In 

both cases the female was flushed from the nest. Two broods of 6 and 9 

small young, respectively, were seen following their parents at Marsh Lake, in 

Brown County, June 13; and another brood of 9 young at Enders Lake on the 

following day. Late in the afternoon of June 14 a female mallard brought its 

brood of 11 small young into the lagoon close to our house at Dewey Lake 

and remained there for a considerable time, apparently undisturbed by the 

presence of several people. 

The mallard was also abundant throughout the lake region of eastern Cherry 

County from October 6 to 9; and at Moon Lake in Brown County, October 10; 

on October 11, 100 were seen on Twin Lake, 5 at Rat Lake, and 10 on Long 

Lake, all in Brown County. The species was abundant throughout the lake 

region of Brown and Morrill Counties, October 14 and 15. Along the Platte 

River south of Central City two flocks, one of 100 and another of 75, were 

seen on October 21, and the species was said by hunters to be tolerably com- 

mon all along the river. 

GADWALL. Chaulelasmus streperus. 

The gadwell is another abundant breeding duck in this region, though in 

most places not so numerous as the mallard. It was not noted at the Cody 

Lakes, though it doubtless occurs there, but about the lakes of Garden and 

Morrill Counties it was in summer many times more abundant than the mal- 

lard. It was found most numerous on Pelican Lake, June 10; Dads Lake, 

June 7 and 10; Belsky Lake, June 12; Muleshoe Lake, June 7; North, Middle, 

and South Marsh, June 8; Enders Lake, June 138 and 14; Speckelmire Lake, 

June 16; Moffitt Lake, in Garden County, on June 21; and the three Hague 

Lakes, in Morrill County, on June 21. It was seen mostly about the margins of 

the lakes, in small ponds and roadside pools, usually in pairs, but occasionally 

in small companies. 

From October 6 to 9 it was abundant on most of the lakes in the east Cherry 

County group. Twenty-five were seen on Long Lake, Brown County, October 

11; 100 on Peterson’s Willow Lake, Garden County, October 14; and 15 on 

Reno Lake on the same day. It was reported by hunters to be tolerably com- 

mon on the Platte River from Grand Island to Silver Creek, October 20 to 22. 

BALDPATE. Mareca americana. 

The baldpate is one of the rare ducks, at least in summer. It was noted as 

follows: three individuals at South Cody Lake on June 1; 3 at Punch Bowl 

Lake, southwest of Dads Lake, on June 7; 1 at Muleshoe Lake on June 7; and 

2 at Hay Lake on June 11. 

One was seen on Dewey Lake, eastern Cherry County, October 7, and another 

on the following day; 3 were noted on West Twin Lake and 5 on south Marsh 

Lake, Cherry County, October 8. Fifty were observed on Long Lake, Brown 

County, October 11. 

GREEN-WINGED TEAL. WNettion carolinense. 

This is another rare bird during the breeding season in the Nebraska sand- 

hill region. We observed it at this time only among the lakes of eastern Cherry 

County. Two were seen at Duck Lake, June 5; 5 on Pelican Lake, June 10; 2 

on Molly Marsh, June 11; 2 on Twenty-one Lake, June 12; and 1 at Tate 

Lake, June 18. 
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It was abundant everywhere throughout eastern Cherry County, October 

6 to 9, 1915; common on several of the lakes in Brown County, October 10 

and 11; and abundant everywhere throughout the lakes in Garden and Morrill 

Counties, October 14 and 15. Seventy-five were seen on Winter Creek Lake, 

near Scotts Bluff, October 19. The species was said to be very common on the 

Platte River, October 20 to 22, but we saw none. 

BLUE-WINGED TEAL. Querquedula discors. 

This little duck is one of the best known of all the waterfowl of this region, 

as is not unnatural from its abundance and wide distribution. It lives where- 

ever there is sufficient water in which to swim—in lakes, large and small, in 

ephemeral ponds, in ditches, and in roadside pools. It is fond of remaining in 

the grass, rushes, or reeds about the margins of the lakes, and is not so fre- 

quently as some other ducks seen riding the waves out in the wide expanses of 

open water. In summer it is one of the least suspicious of ducks, and, where 

not disturbed, may be readily approached. It breeds in numbers throughout 

the sandhill region, particularly about the lakes of eastern Cherry County, 

placing its nests on the ground amid the grass, usually not at a great distance 

from the water. A nest containing 12 eggs was found by the writer on the 

shore of Sotith Cody Lake on June 1. Others were noted as follows: Three, 

containing, respectively, 5, 10, and 10 eggs, near the margin of Willow Lake, 

June 4; one containing 12 eggs, in the grass at Dewey Lake, June 5; one with 

11 eggs, at Pelican Lake, June 10; one with 7 eggs, on Molly Marsh, June 11; 

and one containing 11 eggs near Teal Lake, south of Reno Lake, Garden County, 

June 22. No broods of young following their parents were seen; so it is fair to 

assume that these did not begin to appear until about the first of July. 

In most places in the sandhills this is, during the breeding season, by far 

the most abundant and one of the most generally distributed ducks, although 

in Garden County it is outnumbered by both the redhead and the shoveller. 

Of the lakes of eastern Cherry County visited in summer it was absent from 

only three, and from but one of those of Brown County. It was most abun- 

dant at Pelican Lake, June 10; Willow Lake, June 4; Dewey Lake, June 3 to 

18; Trout Lake, June 11; Red Deer Lake, June 8; Big Lake, June 7; North, 

Middle, and South Marsh, June 8; Clear Lake, June 4; Big Alkali Lake, June 

9; Molly Marsh, June 11, and Muleshoe Lake, June 7. In the other groups of 

lakes it was less numerous, but still common on South Cody Lake, June 1; 

Enders Lake, June 18 and 14; Moon Lake, June 18; Marsh Lake, Brown 

County, June 13 and 14; Diamond Lake, Brown County, June 14; Speckelmire 

Lake, near the head of the North Loup River, June 16; White Willow Lake, 

June 16; Red Willow Lake, June 16; the Peterson Lakes, in Garden County, 

June 22; Reno Lake, June 22; Swan Lake, June 21; Bean Lake, June 21 and 

22; Teal Lake, south of Reno Lake, June 22; Phalarope Lake, June 22; and 

Wild Goose Lake, June 21. 

It was tolerably common throughout the lake region of eastern Cherry 

County, October 6 to 9, and the writer saw 3 at Moon Lake, Brown County, 

October 10; 3 on Goose Lake, Garden County, October 14; and 3 on Roundup 

Lake, October 14. 

SHOVELLER. Spatula clypeata. 

One of the best-known ducks in this region, the shoveller is also one of 

the most beautiful. Like the blue-winged teal, it frequents almost any body 

of water, however small, and often rises from roadside pools as teams drive 

along. Though frequently seen out in the open water of the larger lakes, it 
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remains much or the time along their margins among the vegetation, whence, 

like the blue-winged teal, it gracefully paddles out into open water when dis- 

turbed. Like most of the other ducks, it is fond of sunning itself on the sandy, 

muddy, or grassy shores of the lakes, and is observable often in considerable 

companies thus resting. In June it is largely in pairs, though many males are 

sometimes seen together or singly, the females being probably engaged else- 

where in nesting duties. 

Next to the blue-winged teal, the ‘‘ spoonbill,” as this beautiful bird is com- 

monly called, is in summer the most abundant duck throughout almost all of 

the sandhill region. It is likewise well distributed, as may be inferred from 

the fact that we saw it at all but six of the lakes in the eastern Cherry County 

group and at all but three of the Brown County lakes. In the other lake 

groups it was well-nigh as evenly distributed. Of the lakes in eastern Cherry 

County it was most abundant at Corneil Lake, June 9; Belsky Lake, June 12; 

Muleshoe Lake, June 7; North, Middle, and South Marsh, June 8; Pelican Lake, 

June 10; Clear Lake, June 4; the Sweetwater Lakes, June 12; and Red Deer 

Lake, June 8. In Brown County most shovellers were seen on Diamond Lake, 

June 14; Enders Lake, June 13 and 14; Moon Lake, June 18; and Rat Lake, 

_ June 14. The species was less numerous about the lakes at the head of the 

North Loup River, but was common at Speckelmire Lake and in a marsh near 

White Willow Lake. It was one of the most abundant ducks in Garden County, 

and was observed most numerously at Moffitt Lake, June 21; the three Hague 

Lakes, June 21; Phalarope Lake, June 22; Swan Lake, June 21; and Alkali 

Lake, June 21. It was also noted at South Cody Lake, June 1. 

It was abundant on nearly all the lakes in eastern Cherry County, October 6 

to 9. Five were seen on Rat Lake, Brown County, October 11, and 50 at Long 

Lake on the same day. It was abundant on most of the lakes in Garden and 

Morrill Counties, October 14 and 15; and hunters reported it common on the 

Platte River, October 20 to 22. 

PINTAIL. Dafila acuta tzitzihoa. 

The pintail is one of the three most numerous breeding ducks of the sandhill 

region. Found on all the bodies of water, even the roadside pools, it is fond of 

sitting in the grass by the margins of the lakes with its long neck extended, in 

which characteristic pose it is readily distinguishable from the other waterfowl. 

During summer it was not often seen out in the open water of the larger lakes, 

but seemed to prefer the grassy and reedy marshes and the swamps, as well as 

the grassy pools. The pintail breeds earlier than the other ducks of this region, 

and at the time of our visit a large part of the eggs had apparently hatched. 

We found, however, one nest of nine eggs at Dewey Lake, June 6, and another 

of seven at Belsky Lake, in eastern Cherry County, June 12. Both were at the 

edge of the sandhills near the lakes and were mere depressions in the ground 

lined with down and a little grass. Broods of 1 to 12 small young following. 

their parents were seen on many of the lakes. Nine such family companies were 

seen on Muleshoe Lake, June 7; and 7 on Pelican Lake, June 10. A brood of 12 

was noted on Dewey Lake, June 10, and others on June 5 and 12. Other broods 

were seen as follows: one on Long Lake, eastern Cherry County, June 5; one at 

Mallard Lake, June 7; one at Reservoir Lake, June 7; one containing 11 young 

at Big Lake, June 7; one at Johnson Lake, June 8; and one at Big Alkali Lake, 

June 9. A brood of 6 young was found with the female on South Cody Lake 

on June 1; and a brood of 8 young at Long Lake, in Brown County, June 13. 

The mother bird, when surprised with her young in the water or at the edge of 

a lake, usually remains in the water and leads the young toward the open lake; 
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but if at any distance from open water she usually leaves the young to scatter 

and hide while she attempts to lure away the supposed enemy. 

This bird is well distributed over all the groups of lakes visited. It was found 

most numerous at Pelican Lake on June 10; at Muleshoe Lake, June 7 ; at Dewey 

Lake, June 3 to 18; at Smith Lake, June 10; West Twin Lake, June 8; Mallard 

Lake, June 7; Corneil Lake, June 9; Trout Lake, June 11; and Big Lake, June 

7. In fact, it was absent from only eight of the lakes visited in eastern Cherry 

County and was common at most of the others, including Clear Lake, June 4; 

Willow Lake, June 4; Dads Lake, June 7; Marsh Lake, June 8; Red Deer Lake, 

June 8; Ballard Swamp, June 8; L Lake, June 9; Molly Marsh, June 11; the 

Sweetwater Lakes, June 12; Twenty-one Lake, June 12; and Alkali Lake, 

June 18. It was also common at the South Cody Lake on June 1; at West 

Chain Lake, Brown County, June 14; at Moon Lake, June 13; at White Willow 

Lake, near the source of the North Loup River, June 16; and at Silver Lake, 

in the same region, June 16. In Morrill County it was common at the Hague 

Lakes and was noted near Alliance on June 21. In Garden County it was 

common at Moffitt Lake, June 21; at Silver Lake, June 21; at Bean Lake, 

June 21 and 22; at Reno Lake, June 22; at the Peterson Lakes, June 22; at 

Phalarope Lake, June 22; and at Bignell Lake, June 22. We observed it also 

at several of the other lakes of this region. 

On the lakes in eastern Cherry County this duck was common, October 6 to 9;- 

and tolerably common in Garden and Morrill Counties, October 14 to 15. Nine 

were seen along the Platte River south of Chapman, October 21; and three 

were seen on the Same river south of Silver Creek, October 22. Four shot by 

hunters near Grand Island, October 20, were seen at a hunting lodge, and the 

species was reported by hunters to be common. 

REDHEAD. Marila americana. 

This much-hunted duck was seen at the time of our June visit mostly in 

small flocks and chiefly in the open water of the larger lakes, though also on 

some of the smaller bodies of water as well. It is one of the ducks that have 

very greatly increased since the abolition of spring shooting, and it is now very 

much more numerous as a breeding bird in this region than it was a few years 

ago. It is common and well distributed during summer in the lakes of eastern 

Cherry County and of Garden and Morrill Counties, but is much less frequent 

in other parts of the sandhill region. It is by considerable the most numerous 

of all the ducks at this season in Garden County and also here more abundant 

than in any other part of Nebraska. On Bean Lake the writer saw 99 on 

June 22, and the species was also abundant on the Hague Lakes, June 21; 

Moffitt Lake, June 21; and common on the Peterson Lakes, June 22; Teal Lake, 

south of Reno Lake, June 22; Trainor Lake, June 22; Wild Goose Lake, June 

21; and Swan Lake, June 21. In eastern Cherry County it was abundant at 

North, Middle, and South Marsh on June 8; Muleshoe Lake, June 7; Ballard 

Swamp, June 8; Johnson Lake, June 8, and Dewey Lake, June 3 to 18; also 

common on Clear Lake, June 4; Red Deer Lake, June 8; Hay Lake, June 8; 

the Cumbow Lakes, June 11; Foster Lake, June 9; Wendler Swamp, June 10; 

and Molly Marsh, June 11. It was common on West Chain Lake, in Brown 

County, June 14; and was noted on Enders Lake, June 14, and on Moon Lake, 

June 13. Of the lakes at the source of the North Loup River, it was seen only 

on White Willow Lake, where common, and on Red Willow Lake and Silver 

Lake, all on June 16. It was not observed on any of the Cody lakes: 

Throughout the lake region of eastern Cherry County this duck was: com- 

mon, October 6 to9. Fifty were seen on Long Lake, Brown County, October 11; 
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and 500 on Moon Lake, October 10. In Garden and Morrill Counties it was 

one of the most abundant ducks about the lakes, October 14 and 15; and we 

saw 100 on Lake Alice, near Scotts Bluff, October 19. 

CANVAS-BACK. Aristonetta valisineria. 

The famous canvas-back duck is fairly common, but of irregular distribu- 

tion, throughout the sandhill region in summer; and, like the redhead, has very 

much increased during the past few years. It is most numerous on the lakes 

at the head of the North Loup River. Here, on June 16, 62 were seen on Silver 

Lake; 39 on White Willow Lake; and 14 on Red Willow Lake. It was seen, 

also, at Moon Lake, Brown County, June 13; at West Chain Lake and at Rat 

Lake, Brown County, June 14. At Trout Lake, in eastern Cherry County, 29 

were seen on June 11; and of the other lakes in eastern Cherry County it was 

noted at Watts Lake, June 5; Little Alkali Lake, June 7; Middle Marsh Lake, 

June 8; Hay Lake, June 8 and 11; Big Alkali Lake, June 9; Molly Marsh, June 

11; Twenty-one Lake, June 12; and Alkali Lake, June 18. In Morrill County 

a few were seen at the Hague Lakes, June 21, and at Young’ Lake on the same 

date. In Garden County it was observed at Moffitt Lake, June 21; Ed Eldred 

Lake, June 21; Eldred Lake, June 22; and at Trainor Lake on the same date. 

Like the redhead, this duck occurs most commonly on the larger lakes, where 

it frequents much the open water, usually in company with other ducks, such 

as the redhead and ruddy, and with the American eared grebe. 

In eastern Cherry County from October 6 to 9, the canvas-back was common 

on some of the lakes. Two hundred and fifty were seen on South Marsh Lake, 

October 8, and 500 on Red Deer Lake, October 5. Fifty were observed on Long 

Lake, Brown County, October 11; 25 on Peterson’s Willow Lake, Garden 

County, October ¥4, among a much greater number of other ducks, and a flock 

of 15 was found on Lake Minitare, near Scotts Bluff, October 19. 

* LESSER SCAUP DUCK. WMarila affinis. 

On June 1, 17 were counted on the open water of South Cody Lake, and 5 

on Clear Lake, west of Cody Lake; and on June 5, 7 on Watts Lake, in eastern 

Cherry County. These seemed to be belated migrants, though it is barely pos- 

sible that the species occasionally breeds in this region. No others were seen 

in summer. 

Five were seen on Alkali Lake, in eastern Cherry County, October 8; 4 on 

Dewey Lake, October 12; and 15 on Dads Lake on the same date. Fifty were 

observed on Long Lake, Brown County, October 11, and 55 on Winter Creek 

Lake, near Scotts Bluff, October 19. 

RING-NECKED DUCK. WMarila collaris. 

The ring-neck is one of the rarer ducks of this region, but we observed it in 

June at all the groups of lakes, excepting the Cody Lakes and the lakes of Gar- 

den and Morrill Counties, and it doubtless occurs there, at least occasionally. 

It was seen on Wood Lake on May 31; Willow Lake, eastern Cherry County, 

June 4; Muleshoe Lake, June 7; Mud Lake, June 8; Hast Twin Lake, eastern 

Cherry County, June 8; Red Deer Lake, June 8; the Sweetwater Lakes, June 

12; Twenty-one Lake, June 12; Alkali Lake, June 18; West Chain Lake, Brown 

County, June 14; and Red Willow Lake, near the head of the North Loup River, 

June 16. It was most frequently observed out in the open water, and in pairs 

or singly, the single birds being chiefly males. 

* BUFFLE-HEAD. Charitonetta albeola. 

One seen on Pelican Lake, October 12, and 3 on Dewey Lake, October 6. 



28 BULLETIN 794, U. S. DEPARTMENT OF AGRICULTURE. 

RUDDY DUCK. Lrismatura jamaicensis. 

The ruddy duck was, during summer, one of the interesting sights of the 

lakes in this region, where it frequented the open water of both ponds and 

the larger bodies of water, often gathering into companies of considerable size, 

and regularly associating with other ducks. Its curious habit of sailing 

about with tail elevated makes it easy to distinguish, even at a considerable 

distance. Most of the birds seen at this time were either pairs or single 

males, and such kept more or less separate, even when associated together in a 

flock of 25 to 50, as was not infrequently the case. 

This is one of the common and well-distributed breeding ducks, except in 

Brown County, where it seems to be rare, and at the Cody Lakes, where we 

did not see it at all. It was most numerous on Silver Lake, near the head of 

the North Loup River, June 16; at Dewey Lake, June 3 to 18; Muleshoe Lake, 

June 7; Red Deer Lake, June 8; Hay Lake, June 8 and 11; Dads Lake, June 7; 

and East Twin Lake, eastern Cherry County, June 8. It was noted also at 

Wood Lake, May 31; Clear Lake, June 4; Big Lake, June 7; Marsh Lake, June 

8; L Lake, June 9; Big Alkali Lake, June 9; Welker Lake, June 11; Chamber- 

lain Lake, June 18; Pearson Lake, June 18; and at several of the other lakes 

in eastern Cherry County. Near the head of the North Loup River it was seen 

on June 16 at Speckelmire, White Willow, and Red Willow Lakes. The only 

lake in Brown County at which it was observed was Rat Lake, on June 14: 

In Brown and Morrill Counties it was fairly common at a number of the lakes, 

particularly Beaver Lake, Swan Lake, Harrison Lake, Ed Eldred Lake, Wild 

Goose Lake, and the Hague Lakes, all on June 21. 

In eastern Cherry County it was common almost everywhere, October 6 to 9. 

Ten were observed on Moon Lake, in Brown County, on October 10. 

CANADA GOOSE. Branta canadensis canadensis. 

This species, I am credibly told, formerly bred in the sandhill region, but I 

could get no information that it has done so during the last few years; and it is 

probably now entirely absent at this season, though, of course, it occurs during 

the migrations. 

A flock of 100 was seen along the Platte River, near Silver Creek, October 

22. Hunters told me of shooting one near Grand Island on October 18. 

j TRUMPETER SWAN. Olor buccinator. 

The trumpeter swan was formerly a breeding bird of this region, but, if not 

now entirely extinct as a species, can no longer be numbered among the sum- 

mer birds of Nebraska. 

WHOOPING CRANE. Limnogeranus americanus. 

A flock of three was seen flying over Post Lake, Brown County, late in 

the afternoon of October 10, 1915. 

* LITTLE BROWN CRANE. Grus canadensis canadensis. 

Two were seen five miles east of Red Deer Lake, eastern Cherry County, 

on October 5, 1915. 

SANDHILL CRANE. Grus canadensis mewicana. 

The sandhill crane formerly reared its young in the sandhills of Nebraska, 

but probably is not now breeding there. 

A flock of 20 was seen near Wood Lake, in eastern Cherry County, October 

5, 1915, and four flying over Willow Lake, October 10. 
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Fic. I.—NEST OF CooT (FULICA AMERICANA AMERICANA), 

Photograph taken at Pelican Lake, eastern Cherry County, Nebr., on June 10, 1915. 

Bi6355 

Fic. 2.—NEST OF PINTAIL (DAFILA ACUTA TZITZIHOA). 

Photograph taken at Dewey Lake, eastern Cherry County, Nebr., on June 5, 1915. 





WATERFOWL IN NEBRASKA. 29 

7 KING RAIL. Rallus elegans. 

This species has bred at Trout Lake and at some of the other bodies of water 

in this region, but is apparently rare. 

VIRGINIA RAIL. Rallus virginianus. 

This rail seems to be rare, though known to many inhabitants of the region. 

We saw it only in eastern Cherry County—two in the marshes bordering Dewey 

Lake, one at Hackberry Lake, and one at Watts Lake, all on June 5; and two 

at Big Alkali Lake, June 9. 

7 SORA. Porzana carolina. 

The sora is a breeding bird of the lakes, but is apparently everywhere rare. 

* YELLOW RAIL. Coturnicops noveboracensis. 

A single bird seen in the marsh on the north shore of Pelican Lake on June 10 

was the only individual noted. The lateness of this date indicates that the 

species may possibly once in a while remain to breed in the sandhill country. 

FLORIDA GALLINULE. Gallinula chloropus cachinnans. 

This is apparently a rare bird here. We found it only at Hackberry Lake, 

eastern Cherry County, where we saw two on June 5, 1915. 

AMERICAN COOT. Fulica americana americana. 

This species was found in summer at all the lakes, both large and small, 

wherever there was a sufficient growth of rushes, reeds, or other vegetation 

about the shores to offer opportunity for concealment and for nesting. It was 

breeding numerously during June. Of 4 nests found on Pelican Lake, June 

10, the only one examined contained 6 eggs. On West Cumbow Lake, which 

has very little open water, but is largely marsh and of limited extent, we noted 

8 nests on June 11; and on Welker Lake, which has still less suitable vege- 

tation, we noted 4 nests on the same date. At the third Sweetwater Lake, 

on June 12, we found, without special search, 11 nests, one of which contained 

10 eggs. Undoubtedly careful search would reveal hundreds of nests of this 

species on the lakes of this region. Although June seems to be its chief breed- 

ing season, this species apparently begins to nest in early May, as indicated by 

a brood of five small young seen on Hackberry Lake, eastern Cherry County, 

June 5. Considering the value of its flesh as food, it is rather surprising that so 

much prejudice exists against this bird as an object of sport. 

Next to the black tern, this well-known bird, commonly called mud-hen, is in 

summer the most numerous of all the kinds of waterfowl in the sandhill region, 

and on some of the small lakes almost incredibly numerous. On Pearson Lake 

179 were counted on June 18; and on Marsh Lake, Brown County, a lake barely 

three-quarters of a mile long, 89 were counted on June 13. Other lakes on 

which it was very abundant are Red Deer Lake, June 8; Pelican Lake, June 10; 

the third Sweetwater Lake, June 12; Lee Lake, June 18; Hackberry Lake, June 

5; Dewey Lake, June 3 to 18; Willow Lake, June 4, all in eastern Cherry 

County ; Speckelmire Lake, June 16; White Willow Lake, June 16; Red Willow 

Lake, June 16; Silver Lake, June 16, all at the head of the North Loup River; 

Eldred Lake, June 22; Swan Lake, June 21; and the Peterson Lakes, June 22, 

all in Garden County. 

About the lakes in eastern Cherry County this bird was the most abundant 

species of waterfowl from October 6 to 9, 1915, and we noted it at practically 

all the lakes. Nineteen hundred were observed at Pelican Lake, alone, on 

October 12. Likewise, on the lakes of Brown County, October 10 to 11, it was 
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by far the most abundant water bird, and was seen on nearly all the lakes 

visited. On Enders Lake 2,500 were noted, October 11. On most of the lakes of 

Garden and Morrill Counties it was also abundant, October 14 to 15. 

WILSON SNIPE. Gallinago delicata. 

This well-known game bird was common throughout eastern Cherry County 

in most of the wet valleys and in the vicinity of the lakes, October 6 to 9, 1915. 

* LESSER YELLOW-LEGS. Totanus flavipes. 

Seven were seen at South Cody Lake on June 1; 3 on the upper part of Gor- 

don Creek a few miles north of Simeon, June 3; and one on Hackberry Lake, 

eastern Cherry County, June 5. No others were noted. 

WESTERN WILLET. Catoptrophorus semipalmatus inornatus. 

This noisy shore bird is tolerably common during summer in the lake region 

of eastern Cherry County and of Morrill and Garden Counties, but we did not 

observe it elsewhere. We saw it on Willow Lake, eastern Cherry County, June 

4; Pelican Lake, June 5; Mallard Lake, June 7; Dads Lake, June 7; Muleshoe 

Lake, June 7; West Twin Lake, June 8; Ballard Swamp, June 8; Johnson Lake, 

June 8; Trout Lake, June 11; Big Alkali Lake, June 9; and, of the lakes in 

Garden County, Moffitt Lake, June 21; Eldred Lake, June 22; Alkali Lake, _ 

June 21; Bean Lake, June 21; and Teal Lake, June 22. It was noted almost 

always singly or in pairs about the marshes, meadows, or the margins of the 

lakes. 
UPLAND PLOVER. Bartramia longicauda. 

The upland plover is, during summer, a tolerably common and fairly well- 

distributed bird in the sandhill region, though nowhere abundant. It is most 

numerous in eastern Cherry County, where we saw it about many of the lakes, 

including Dewey Lake, June 3 to 18; Hackberry Lake, June 5; Pelican Lake, 

June 10; Muleshoe Lake, June 7; Big Lake, June 7; Red Deer Lake, June 8; 

Trout Lake, June 11; Corneil Lake, June 9; Big Alkali Lake, June 9; Wendler 

Swamp, June 10; the Sweetwater Lakes, June 12; Twenty-one Lake, June 12; 

and Chamberlain Lake, June 18. In Brown County it was noted at Post Lake, 

June 13; Filbrick Lake, June 18; Enders Lake, June 14; Marsh Lake, June 13; 

Long Lake, June 14; Alkali Lake, June 14; and Rat Lake, June 14. Near the 

source of the Loup it was noted only near White Willow Lake and at Brush 

Lake, both on June 16. In Garden County it was seen at Reno Lake, June 22; 

Teal Lake, June 22; and near Trainor Lake, June 22. It was not seen at all 

about the Cody Lakes. 

This species in summer frequents chiefly the meadows and marshes about the 

lakes and in the moist valleys, being entirely absent from the drier parts of 

the sandhills. So far as we observed its habits, its name “ upland” plover is 

a misnomer in this region, for it seemed greatly to prefer the wet ground and 

frequently waded in the waters of the marshes near the margins of the lakes. 

According to the testimony of residents it is much less numerous than formerly. 

LONG-B©LLED CURLEW. WNuwmenius americanus americanus. 

Though formerly abundant in the sandhill region, the long-billed curlew is 

at present apparently uncommon during summer. We observed it as follows: 

one at Long Lake, eastern Cherry County, June 17; 1 at Pelican Lake, June 

10; 1 at Little Alkali Lake, June 17; 4 at Dads Lake, June 7; 4 at Reservoir 

Lake, west of Dads Lake, June 7; 3 at Punch Bowl Lake, southwest of Dads 
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Lake, June 7; 1 at White Willow Lake, near the source of the North Loup 

River, June 16; 3 on the Hague Lakes, in Morrill County, June 21; and 1 

on Jones Lake, east of Swan Lake, Garden County, June 21. This bird was 

seen both in the hills in the vicinity of the lakes and along the shores near the 

water. 

Nongame Birds. 

+ WESTERN GREBE. Aechmophorus occidentalis. 

The western grebe was found nesting at Island Lake, Garden County, in June, 

1916. 
HORNED GREBE. Colymbus auritus. 

This grebe, during summer, is apparently very rare in the sandhill region, 

as the writer saw but a single individual in June, this in a small pond close to 

Corneil Lake, north of Big Alkali Lake, on June 9, 1915. 

One was seen on Clear Lake, eastern Cherry County, October 9, 1915. 

AMERICAN EARED GREBE. Colymbus nigricollis californicus. 

The American eared grebe, so far as we observed it, stayed principally in the 

open water, though of course at times among the rushes, and apparently is fond 

of swimming about and diving far out in the middle of the lakes. Its habit of 

holding the neck and crest erect makes it easy to distinguish even at a distance. 

This is one of the most abundant of the summer water birds in the region, 

and breeds on many of the lakes. The writer counted 349 on Dads Lake on 

June 7, 305 of them in a single company. On White Willow Lake, near the head 

of the North Loup River, 186 were seen on June 16. It was abundant on Dewey 

Lake from June 3 to 18; Willow Lake, June 4 to 14; Trout Lake, June 9 and 

11; at Wendler Swamp, June 10 and 18; Pearson Lake, June 18; and Speckel- 

mire Lake, June 16. It was common on Silver Lake, June 16; Rat Lake, Brown 

County, June 14; West Chain Lake, Brown County, June 14; Johnson Lake, 

June 8; West Twin Lake, eastern Cherry County, June 8; the Hague Lakes, 

eastern Morrill County. June 21; Bean Lake, June 21 and 22; and the Peterson 

Lakes, Garden County, June 22. It was rather generally distributed throughout 

the lakes of Garden, Morrill, and Brown Counties, but somewhat more irregu- 

larly in the other localities. 

A single individual was noted on Red Deer Lake, eastern Cherry County, 

October 6; 2 on Moon Lake, Brown County, Octeber 10; and 1 on Goose Lake, 

Garden County, October 14. 

PIED-BILLED GREBE. Podilymbus podiceps podiceps. 

Unlike the preceding species, this grebe did not frequent much the open 

water, but kept for the most part within the protection of the reeds and rushes 

bordering the lakes. At the eastern end of Dewey Lake on June 4, a nest in the 

rushes near the shore, from which a female was seen to depart, was found to 

contain 8 eggs. It finally came to grief in a heavy windstorm which a few 

days later swept the lake. 

This bird of. retiring habits is apparently not very common. I did not see it 

at all during June in Morrill County, nor in any of the lakes about the source 

of the North Loup River. Two were seen at Marsh Lake, Brown County, June 

13; 1 on Welker Lake, June 11; 1 at Wendler Swamp, June 10; 4 on Johnson 

Lake, June 8; 1 on Red Deer Lake, June 8; 1 on West Twin Lake, eastern 

Cherry County, June 8; 3 on Long Lake, eastern Cherry County, June 5; 1 on 

Watts Lake, June 5; 2 on Hackberry Lake, June 5; 4 on Willow Lake, June 4; 

and 3 on South Cody Lake, June 1. 
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In autumn, in eastern Cherry County, it was seen as follows: one on Middle 

Lake, October 8; 12 on Clear Lake, October 9; 1 on Dewey Lake, October 12; 

and 1 on Whitewater Lake, October 12. In Brown County one was seen on 

Moon Lake, October 10; 1 on Filbrick Lake on the same date; and 2 on Enders 

Lake, October 11. In Garden County 2 were found on Goose Lake, October 14, 

and 1 on Roundup Lake on the same day. 

*LOON. Gavia immer. 

A single individual was observed on Pelican Lake, eastern Cherry County, 

October 12, 1915. 

* FRANKLIN GULL. Larus franklini. 

This species was seen in summer on only three occasions: One at Duck Lake, 

eastern Cherry County, June 5; 4 on Hnders Lake, Brown County, June 13; 

and 4 at Clear Lake, Brown County, June 14. 

A single individual was seen at Shoveller Lake, eastern Cherry County, Octo- 

ber 8; and 6 on Twin Lake, Brown County, October 11. 

* RING-BILLED GULL. Larus delawarensis. 

A flock of 11 was seen on the south shore of Dewey Lake on June 4, and a 

solitary individual was noticed flying along the lake on the previous day; 4 

were noticed on Clear Lake, June 3, and 3 on the following day, but all these © 

may have been derived from the flock seen on Dewey Lake. No others were 

noted in summer on any of the lakes. 

On most of the lakes in eastern Cherry County this gull was common, Octo- 

ber 6 to 9, 1915; and we saw one on Blue Lake, Garden County, October 14, 

and 7 on Crescent Lake on the same day. 

FORSTER TERN. Sterna forstert. 

The loud, harsh cries and dazzling white plumage of the Forster tern make 

it a conspicuous object as it beats about over the lakes. It is fond of perching 

on fence posts or stakes in the water, but descends to the ground not so 

frequently as the black tern. 

This tern is common in summer throughout the region visited, except about 

the lakes at the head of the North Loup River and the lakes of Garden and 

Morrill Counties. It is most numerous and generally distributed on the lakes 

of eastern Cherry County, and there most abundant on Pelican Lake, where the 

writer saw 40 on June 10. It was common at Dewey Lake from June 8 to 18. 

We saw 6 on Clear Lake, June 4; 8 on Hackberry Lake, June 5; 6 on Red 

Deer Lake, June 8; 5 on Trout Lake, June 11; 11 on Big Alkali Lake, June 9; 

and 4 on Molly Marsh, June 11. It was noted also at Watts Lake on June 5; 

Wendler Swamp on June 10; at the easternmost of the Sweetwater Lakes, 

June 12; on South Cody Lake, June 1; on Ciear Lake, Brown County, June 14; 

Willow Lake, Brown County, June 14; and West Twin Lake, near the head of 

the North Loup River, June 16. It was abundant at Moon Lake, Brown 

County, where 24 were seen on June 13. The only lakes in Garden County at 

which this tern was noted were Jones Lake, where 4 were seen, end Beaver 

Lake, where 7 were observed, all on June 21. 

Five were seen on Dewey Lake, eastern Cherry County, on October 7, and - 

2 others on Pelican Lake, October 12, 1915. 

* COMMON TERN. Sterna hirundo. 

A single individual at Dewey Lake on June 5 was the only individual noted. 
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BLACK TERN. JHydrochelidon nigra surinamensis. 

This is by far the most abundant summer water bird throughout all this 

region, except about the lakes of Garden and Morrill Ccunties, and outnumbers 

by more than two to one any of the other waterfowl. It is also one of the most 

generally distributed. It may be seen often in large companies—fiocks they 

could hardly be called, for they are usually spread out all over the lakes on 

which they occur. The largest number of black terns seen at any one place 

was at Trout Lake, where 532 were counted on June 9 and 11. They were very 

abundant also on South Cody Lake, June 21; Dewey Lake, June 8 to 18; 

Pelican Lake, June 10; Dads Lake, June 7; Marsh Lake, June 8; Hay Lake, 

June 8 and 11; Wendler Swamp, June 10 and 18; Pearson Lake, June 18; 

Enders Lake, June 13 and 14; West Chain Lake, Brown County, June 14; 

Silver Lake, near the head of the North Loup River, June 16; and common on 

Moffitt Lake, Garden County, June 21; and on Bean Lake, June 21 and 22. 

The crackling cry and the hovering, butterflylike flight of this dainty little 

species are sure to attract attention. It may be seen often resting on the 

exposed sand bars or mud flats about the lakes or on heaps of vegetation among 

the rushes. It breeds in numbers on many of the lakes. 

AMERICAN BITTERN. Botaurus lentiginosus. 

This bird is rather common in summer about the lakes, though apparently 

not numerous in any locality. It was seen on Gordon Creek, near Simeon, 

June 3; at Watts Lake, June 5; Pelican Lake, June 10; Marsh Lake, June 8; 

Red Deer Lake, June 8; Foster Lake, June 9; L Lake, June 9; Whitewater 

Lake, June 10; Molly Marsh, June 11, all in eastern Cherry County; Diamond 

Lake, Brown County, June 14; Speckelmire Lake, at the head of the North 

Loup River, June 16; West Twin Lake, at the head of the North Loup River, 

June 16; Jones Lake, Garden County, June 21; Beaver Lake, June 21; Bean 

Lake, June 21; and Teal Lake, June 22. 

In eastern Cherry County, one was noted on Dewey Lake, October 5, an- 

other on October 7, and three on October 12. One was seen on Marsh Lake, 

October 8; six on Pelican Lake, October 12; and one on Moon Lake, in Brown 

“County, on October 10. 

+ LEAST BITTERN. Jzobrychus ezilis. 

This species occurs occasionally in summer in the marshes about the lakes in 

the sandhill region, but is apparently nowhere common. 

GREAT BLUE HERON. Ardea herodias herodias. 

Of rare occurrence in most of the sandhill country, but known to breed. We 

saw only two individuals in summer—one at Willow Lake, eastern Cherry 

County, June 4, 1915; the other at Thedford, on the Loup River, June 19. 

Two were seen near Red Deer Lake, eastern Cherry County, on October 5, 

and one on Dewey Lake, October 12. 

BLACK-CROWNED NIGHT HERON. Nycticorar nycticoraz naevius. 

This is a common summer bird over the greater part of the sandhill region, 

though of somewhat irregular distribution. It was seen at all the groups of 

Jakes excepting the Cody Lakes, but was most numerous at Pelican Lake on 

June 10, when 105 were seen. It was also numerous at Moon Lake, Brown 

County, on June 13, and White Willow Lake, near the source of the North 

Loup River, on June 16. In small numbers it was observed on Dewey Lake, 

June 4; Willow Lake, June 4; Marsh Lake, June 8; Big Alkali Lake, June 9; 

120368 °—20—Bull. 7943 



34 BULLETIN 794, U. S. DEPARTMENT OF AGRICULTURE. 

Smith Lake, June 10; Whitewater Lake, June 10; Molly Marsh, June 11, all 

in eastern Cherry County; Post (Clapper) Lake, Brown County, June 13; Red 

Willow Lake, June 16; Swan Lake, Garden County, June 21; Jones Lake, 

Garden County, June 21; and on several of the other lakes throughout the 

sandhills. It occurred in summer chiefly about the lakes, where it frequented 

usually the marshes about their borders. Occasionally it was in flocks of con- 

siderable size, as on Pelican Lake and on Moon Lake, as above noted. 

In eastern Cherry County, 3 were seen between Wood Lake and Dewey Lake 

on October 5; 1 on Red Deer Lake, October 6; 10 on Dewey Lake, October 12, 

and others at different times on this lake; and 1 on Moon Lake, Brown County, 

October 10. 

WILSON PHALAROPE. Steganopus tricolor. 

The dainty appearance and ducklike habits of this little wader at once 

attract the attention of even the casual observer. In Garden County it goes 

by the name “straw.” It frequents chiefly the meadows and marshes about 

the lakes, though it often alights out on the water itself, particularly near the 

shore. Occasionally it appears along the streams, especially those that have 

marshy borders. 

This is by considerable the most numerous breeding shore bird in the sand- 

hill country, though it is not quite so universally distributed as the killdeer. 

It was, however, found commonly or abundantly at all the groups of lakes 

visited, being most abundant at Phalarope Lake, Garden County, June 22; 

Pelican Lake, eastern Cherry County, June 10; Ballard Swamp, June 8; North 

and Middle Marsh, June 8; Foster Lake, June 9; Belsky Lake, June 12; and 

Trout Lake, June 9 and 11. It was common also at South Cody Lake, June 1; 

Dewey Lake, June 3 to 18; Long Lake, eastern Cherry County, June 5; Dads 

Lake, June 7; Muleshoe Lake, June 7; Big Lake, June 7; Red Deer Lake, 

June 8; Big Alkali Lake, June 9; Smith Lake, June 10; Sweetwater Lakes, 

June 12; Middle Lake, June 12; Duck Lake, near the head of the North Loup 

River, June 16; the Hague Lakes, Morrill County, June 21; Alkali Lake, 

Garden County, June 21; and at many of the other lakes of the region. 

AMERICAN AVOCET. Recurvirostra americana. 

The avocet, though formerly occurring over all the sandhill region, was not 

observed, except at the lakes of Garden and Morrill Counties. Here it was 

tolerably common in summer, though irregularly distributed. We noted it as 

follows: the Hague Lakes, June 21; Wild Goose Lake, June 21; Young Lake, 

June 21: Moffitt Lake, June 21; Swan Lake, June 21; Jones Lake, June 21; 

Alkali Lake, June 21; a small lake near Trainor Lake, June 22; a small lake 

near the Peterson Lakes, June 22; and Phalarope Lake, June 22. 

One was seen at Reno Lake, Garden County, October 14, 1915. 

* WHITE-RUMPED SANDPIPER. Pisobia fuscicollis. 

One, on Gordon Creek a few miles north of Simeon, on June 3, was the only 

individual observed. 

* BAIRD SANDPIPER. Pisobia bairdii. 

Two were seen along the shore of Coleman Lake, eastern Cherry County, 

on June 10, but the species was not otherwise noted. 

* LEAST SANDPIPER. Pisobia minutilla minutilla. 

A single bird seen on the upper part of Gordon Creek a few miles north of 

Simeon, June 38, is the only record. 
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* SEMIPALMATED SANDPIPER. JLreunetes pusillus. 

A flock of 20 was seen at Crystal Lake, in Brown County, on October 11, 1915. 

{7 MARBLED GODWIT. JLimosa fedoa. 

This species is reported to have been found breeding here, but it is apparently 

very rare at this season. 

7 SOLITARY SANDPIPER. JHelodromas solitarius solitarius. 

Reported to be a breeding bird of the sandhill region, but seemingly very 

rare; we did not observe it at any of the localities visited. 

SPOTTED SANDPIPER. Actitis macularia. 

The well-known spotted sandpiper is apparently rare in this region, as we 

saw only four individuals, all on the upper part of Gordon Creek a few miles 

north of Simeon, June 3. 

KILLDEER. Ozyechus vociferus vociferus. 

This ubiquitous species is, of course, one of the most widely distributed sum- 

mer shorebirds of the region. At this season it was found at or near a great 

majority of the lakes, and in some places was abundant. It was most numerous 

in eastern Cherry County, on Willow Lake, June 4 to 14; Dewey Lake, June 3 

to 18; Pelican Lake, June 10; Trout Lake, June 11; Big Alkali Lake, June 9; 

Dads Lake, June 7; Hackberry Lake, June 5; Gordon Creek, June 3; Ballard 

Swamp, June 8; and North, Middle, and South Marsh, June 8. It was com- 

mon also at South Cody Lake on June 9; Moon Lake, Brown County, June 13; 

Enders Lake, June 13 and 14; Rat and Diamond Lakes, Brown County, June 

14; Speckelmire Lake, near the source of the North Loup River, June 16, and 

at Silver Lake in the same region on the same date; also at Reno Lake, Garden 

County, June 22; Eldred Lake, June 22; Bean Lake, June 21 and 22; the 

Peterson Lakes, June 22; and at the Hague Lakes, in Morrill County, June 21. 

Young were seen with their parents at Ballard Swamp on June 8 and on sev- 

eral occasions during June at other localities. 

Our only autumn record is a single bird seen at Ballard Swamp, eastern 

Cherry County, October 7, 1915. 

7 PIPING PLOVER. Charadrius melodus. 

This plover was formerly apparently not uncommon about the lakes of the 

sandhill region, and formerly bred about Trout Lake, eastern Cherry County. 

We, however, did not observe a single individual at any of the localities visited. 
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Part Il.—WILD-DUCK FOODS OF THE SANDHILL REGION 
OF NEBRASKA. 

By W. L. McATER, Assistant Biologist. 

INTRODUCTION. 

The sandhill region of Nebraska is one of a myriad of ponds and 
lakes. Not only are bodies of water very plentiful and comparatively 
little visited by man, but also they are well supphed with the vege- 
tation which furnishes the cover so necessary to breeding wild ducks 
as well as a large proportion of their food. It is not surprising, 
therefore, that this region is a paradise for wild fowl. 

The wild-duck foods and other vegetation growing in and about 
44 lakes of the sandhill region are the subject of the present re- 
port, which is based on notes and specimens collected during the 
period from July to October, 1915, by Mr. Ray Thomson, then a 
graduate student of the University of Nebraska. The specimens were 
identified by the writer, with the following assistance in difficult 
groups: Grasses, Prof. A. S. Hitchcock and Mrs. Agnes Chase; 
Carex, Mr. G. P. Van Eseltine; Juncus, Mr. Frederick V. Coville; 
and Composite, Mr. Paul C. Standley. Two species of aquatic 
mosses were kindly identified by Miss Mary Miller, and a willow by 
Mr. C. R. Ball. 

Most of the lakes visited by Mr. Thomson are well supplied with 
plants valuable as food for wild ducks, and this is especially true of 
Dewey, Hackberry, Beaver, White Willow, Marsh, and Cody Lakes, 
and Ballard Swamp, Cherry County; and Gimlet Lake, Garden 
County. It is worthy of note that sago pondweed (Potamogeton 
pectinatus), probably the best all-around duck food, was found in 
every lake visited except Trout Lake, Cherry County, and there is 
little doubt that the plant grows in that lake also. Wild rice (Zz- 
zania), an excellent wild-duck food, was found in four of the Brown 
County lakes, in eight of those of eastern Cherry County, and in the 
Cody Lakes, but was not found in any of the lakes at the head of 
the Loup River nor in those of Garden County. 

The most important wild-duck foods in addition to sago pondweed 
and wild rice that occur generally in the sandhill region are: 

Musk grass (Chara spp.). Big bulrush (Scirpus occidentalis). 

Small pondweed (Potamogeton pusil- | River bulrush (Scirpus fluviatilis). 

lus). Tule (Scirpus validus). 

Variable pondweed (Potamogeton | Big duckweed (Spirodela polyrhiza). 

heterophyllus). Small duckweed (Lemna minor). 

Bushy pondweed (Najas flexilis). Star duckweed (Lemna trisulca). 

Wapato (Sagittaria latifolia). Coontail (Ceratophyllum demersum). 

Wild millet (Hchinochloa crus-galli). 

37 
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So far as food conditions are concerned, therefore, the lakes of the 
sandhill region of Nebraska are well fitted to be a wild-duck breed- 
ing-ground of the first rank. 

IMPROVEMENT OF WILD-DUCK FOOD SUPPLY. 

The most notable deficiency in the above list of plants is wild 
celery (Vallisneria spiralis). This is an excellent duck food and un- 
doubtedly will grow in practically all the lakes of the sandhill region. 
It probably will grow anywhere that sago pondweed does. Chufa 
(Cyperus esculentus) also was not found among the plants collected, 
although it is especially suited to growth in sandy soil. It may be 
used to advantage as a duck food only where there are areas dry in 
summer, to permit growth of the plant, and flooded in winter, so that 
the ground may be softened sufficiently for ducks to dig the tubers. 

However, as noted above, most of the lakes of the sandhill region 
are well provided with wild-duck foods. In few cases is need of im- 
provement indicated, and the only agencies practically interested in 
improving ‘the food supply of ducks are shooting clubs controlling 
certain bodies of water. To them it may be said that adding wild 
celery or chufas to bodies of water where conditions are suitable, or 
any of the plants in the preceding list where they do not now exist, will 
improve the feeding conditions for wild fowl. Directions for propa- 
gating most of these plants are contained in Bulletins of the United 
States Department of Agriculture, Nos. 205 and 465.1. Further in- 
formation relating to the plants and the names of dealers in them 
will be furnished by the Biological Survey upon request. 

EFFECT OF ALKALINE CONDITIONS ON DUCK-FOOD PLANTS. 

The most important information gained in the study of the duck- 
food plants of the sandhill region relates to the comparative toler- 
ance of the different species to alkalinity of the water. According 
to Dr. R. J. Pool, “the waters of practically all of the many ponds 
and lakes contain considerable quantities of saline and alkaline com- 
pounds.”2 This being the case, and in view of the luxuriant growth 
of aquatic plants in most of the lakes, it is evident that the degree or 
quality of alkalinity of most of them is not injurious. 

The lakes examined during the present investigation that are popu- 
larly recognized as alkaline are Rat and Willow Lakes in Brown 
County; Big Alkali, Clear, and Silver Lakes in Cherry County, and, 
to a lesser degree, Red Willow, White Willow, and Speckelmire Lakes 
of the same county; and Moffitt, Crescent, Beaver (or Blue), Phala- 
rope, and Peterson Lakes in Garden County. 

1Bleven important wild-duck foods, Bull. 205, U. S. Dept. Agr., pp. 25, figs. 23, May 

20, 1915; Propagation of wild-duck foods, Bull. 465, pp. 40, figs. 35, Feb. 23, 1917. 

2A study of the vegetation of the sandhills of Nebraska. Minn. Botanical Studies, 

vol. 4, Part III, p. 275, 1914. 
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Those in which unfavorable conditions are reflected in the charac- 
ter of the vegetation are Big Alkali and Silver, and to a lesser extent 
Clear Lake, and all the Garden County lakes; the others have the 
usual abundant aquatic growth. In addition to these the collector 
notes that Twenty-one Lake, Cherry County, is perhaps a little alka- 

_ line; however, this is not evident in the vegetation. From the char- 
acter of the plant growth one would judge that Jones and Swan 
Lakes, also of Garden County, are alkaline. 

The lesser injurious effects of alkalinity upon submerged vegeta- 
tion are largely reduction of the quantity of such growth and un- 
thriftiness of the species not adapted to withstand alkaline condi- 
tion. The effect of still further concentration of alkalis in the water 
is elimination of most of the species of submerged aquatic plants, 
and the almost exclusive occupation of the water by certain resistant 
species. Concentration beyond this point undoubtedly would have 
a disastrous effect upon even these hardy species, but this condition 
was not observed in any of the 44 lakes examined. 

Prebably the most severe alkaline conditions of any of these lakes 
are represented by Peterson Lake No. 2, Garden County. In this 
lake widgeon grass (Ruppia occidentalis), a plant that grows in 
brackish water, is the dominant submerged species, practically filling 
the lake. Sago pondweed is the only other subaqueous growth. In 
the other lakes in which aquatic plants are greatly affected by alka- 
linity, sago pondweed in every case is the dominant and often the 
only submerged growth. It is fortunate that such plants as these 
endure the most alkaline waters of the sandhills, because both are 
very important wild-duck foods, especially the sago. This pond- 
weed also thrives in brackish water, which fact, together with the oc- 
currence of the widgeon grass, suggests that the same qualities that 
adapt plants for growth in salt water enable them to resist the inju- 
rious effects of alkalis. This idea is further borne out by the char- 
acter of the semisubmerged plants associated with the two species 
above named in their alkaline habitat. These include saltgrass 
(Distichlis spicata) and three-square (Scirpus americanus), both of 
which grow in coastal salt marshes. Another salt-marsh plant, 
namely, arrow-grass (Triglochin maritima), while occurring at sev- 
eral places in the sandhills, seems to have no special relation to 
alkaline conditions. 

The species ranking next in their endurance of alkalinity, though 
by no means to be compared with the above, are curly pondweed 
(Potamogeton perfoliatus richardsoni), small pondweed (Potamo- 
geton pusillus), and spike rush (Eleocharis, probably glaucescens). 
Wild rice can not endure salt, nor, presumably therefore, alkalis. 

1This species was collected in Reno Lake also. 
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This probably explains its absence from Loup River and the Garden 
County lakes. 

In attempting to stock alkaline waters with wild-duck foods, there- 
fore, it will be best to center efforts upon establishing widgeon grass 
or sago pondweed. Wild celery withstands salt as well as these two 
plants and probably would equal them in alkali resistance, though 
this has not been tried out. A purely theoretical suggestion is that 
eelerass (Zostera marina), an inhabitant of ocean-water, might be 
found adapted to stronger alkaline waters than any of these three 
plants. 

LIST OF PLANTS OF THE SANDHILL LAKES. 

The descriptions of lakes given in the following pages, the classi- 
fication of the plants according to their place of growth, and notes 
on abundance are taken in the main from the reports of Mr. Ray 
Thomson. He is responsible, therefore, for the bulk of the occur- 
rence records. These are based on a system of “collector numbers” 
which he used in making his reports, and were translated into plant 
names after the specimens were identified in Washington. Where 
specimens from any locality were actually examined an asterisk (*) 
follows the name of the species. Remarks other than those on abun- 
dance, and a few other obvious field observations, are based on 
specimens. 

Each list is followed by a paragraph commenting on the value of 
its components as food for wild ducks. 

LIST OF LAKES VISITED, WITH DATES, 1915. 

Brown County. 

Enders Lake______ Aug. 10, 14 (p. 41). | Willow Lake______ Aug. 15 (?) (p. 44). 

Enders Lake Overflow_Aug. 11 (p. 42). | West Chain Lake_____ Aug. 16 (p. 45). 

Marsh Lake_______ Aug. 12, 13 (p. 43). | Middle Chain Lake____Aug. 16 (p. 46). 

Teepe beeen ea bea So Aug. 14 (p. 44). 

CHERRY CoUNTY (HASTERN PART). 

Dewey Lake_______ Aug. 21-24 (p. 46). |] Wendler Swamp____Sept. 4, 10 (p. 55). 

Willow Lake______ Aug. 23, 24 (p. 48). | Sweetwater Lakes_____ Sept. 6 (p. 56). 

Clear Makes: Wiens Aug. 25 (p. 49). | Twenty-one Lake______ Sept. 6 (p. 57). 

Hackberry Lake______ Aug. 27 (p. 50). | Marsh Lakes__________ Sept. 7 (p. 58). 

\NVS EAN Aug. 29 (p. 51). .| Red Deer Lake_______ Sept. 10 (p. 59). 

Trout Lake___________Aug. 31 (p. 52). | Ballard Swamp_____ Sept. 10 (p. 59). 

Pelican Lake Sept. 1 (p. 53). | Big Alkali Lake_-____ Sept. 13 (p. 60). 

Rate Wakes: On cei s Sept./3) 40 (p) a4) 4 /) Molly Marshes sas Sept. 18 (p. 61). 
Beaver Lake________ Sept, 3)/4 (p. 55). |) Hay, Makes 22 es Sept. 14 (p. 62). 

Cuerry County (NorrTHERN PART). 

South Cody Lake__Sept. 18-19 (p. 62). | North Cody Lake____-_ Sept. 20 (p. 64). 
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CHERRY County (Hrapwatrers Loup RivrERr). 

Red Willow Lake_______ Oct. 9 (p. 65). 
White Willow Lake____Oct. 10 (p. 66). 

Specklemire Lake_____ Oct. 12 (p. 67). 

Yearling Valley Lake__Oct. 13 (p. 67). 

Silver Walkel ena Oct. 17 (p. 68). 

GARDEN COUNTY. 

Moffitt Lake_______-_- Sept. 23 (p. 69). | Swan Lake________ Sept. 27-28 (p. 73). 

Gimlet Lake_________ Sept. 24 (p. 70). | Reno Lake___________ Sept. 29 (p. 74). 

Crescent Lake_______- Sept. 26 (p. 71). | Trainor Lakes________ Sept. 30 (p. 75). 

Beaver (or Blue) Lake____Sept. 27-28 | Peterson Lake, No. 1____Oct. 2 (p. 75). 

(Gan 7al)s Peterson Lake, No. 2____Oct. 2 (p. 76). 

Jones Lake_______ Sept. 27-28 (p. 72). | Phalarope Lake________ Oct. 3 (p. 77). 

ENDERS LAKE, BROWN COUNTY. 

August 10 and 14, 1915. 

Description.—Little or no marsh. Rich growth of submerged vegetation. 

Fresh water, average greatest depth 6 feet; bottom in general mucky, sandy at 

southeast end. No inlet; outlet into Enders Lake Overflow. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Narrow zone of wet meadow on east and south shores containing a typical 

mixture of wet meadow plants. Among those growing next to water line were: 

1. Cord-grass (Spartina michauziana). 7. Wild rye (Elymus canadensis) .* 

Common. Flowers, 

2. Switchgrass (Panicum virgatum). Com- | 8. Sedge (Carex vulpinoidea). 
mon. 9. Shining sedge (Cyperus rivularis).* 

2 ; . Common. 

Be Himerass)| (Agrostis Tyemals)- 10. Water hemlock (Cicuta maculata). 
4. Redtop (Agrostis alba). Not abundant. 

5. Bog reedgrass (Calamagrostis ineg- | 11. Marsh mint (Stachys palustris). 

pansa). Common. 12. Mint (Mentha canadensis).* Flowers. 

6. Reed canary-grass (Phalaris arundi- | 13. Ragweed (Ambrosia elatior).* Abun- 

nacea). dant; flowers. 

SEMISUBMERGED PLANTS. 

14. Wapato, or arrowhead (Sagittaria lati- 

folia).* Common; flowers. 

15. Crested wapato (Sagittaria cristata) .* 

Flowers to immature fruit. 

16. Big bulrush (Scirpus occidentalis) .* 
Abundant ; flowers. 

17. Spike rush (Hleocharis acicularis) .* 

SUBMERGED PLANTS. 

Dominants: 

19. Waterweed 

Flowers. 

20. Water milfoil 

tum) .* 

(Philotria canadensis) .* 

(Myriophyllum 

Immature fruit. 

spica- 

Principal species: 

21. Sago pondweed 

natus) .* 

(Potamogeton pecti- 

Flowers to mature fruit. 

22. Curly pondweed (Potamogeton perfoli- 

atus richardsonii).* Flowers to ma- 

ture fruit. 
Secondary species: 

23. EHelgrass pondweed (Potamogeton com- 

pressus).* Immature fruit. 

24. Small pondweed (Potamogeton pusil- 

tlus).* Mature fruit. 

25. Floating pondweed (Potamogeton 

tans).* Mature fruit. 

na- 
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FLOATING PLANTS. 

26. Star duckweed (Lemna trisulca). 27. Big duckweed (Spirodela polyrihiza). 

Wild-duck foods——Plants in the above list which have considerable value as 

food for ducks are: Nos. 14, 16, 21, 24, 26, and 27; those of lesser impor- 

tance are: Nos. 1, 2, 6, 8, 9, 17, 19, 20, 22, 28, and 25; the remainder are of no 

known value. 

ENDERS LAKE OVERFLOW, BROWN COUNTY. 

August 11, 1915. 

Description—Very little marsh. Semisubmerged vegetation abundant. 

Water fresh; small amount open; depth 6 to 7 feet. No outlet; inlet from 

Enders Lake. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Wide zone of wet meadow. 

1. Cord-grass (Spartina michaugiana). 6. Shining sedge (Cyperus rivularis). 

Common. ~ Common. 

2. Switchgrass (Panicum virgatum). Com- | 7. Straw sedge (Cyperus strigosus). Abun- 
mon. dant. 

‘ ; Leto ie 8. Sedge (Carex vulpinoidea). 

Gp BEMIS Halse (amoshie LOT ALES) 9. Rush (Juncus nodosus). Abundant. 

4. Redtop (Agrostis alba). 10. Rush (Juncus canadensis). Common. 
5. Bog reedgrass (Calamagrostis “inex- | 11. Water hemlock (Cicuta maculata). 

pansa) .* 12. Marsh mint (Stachys palustris). 

SEMISUBMERGED PLANTS. 

Dominants: Secondary species: 

13. Spike rush (Hleocharis acuminata).* | 15. Bur reed (Sparganium eurycarpum).* 

Flowers. Immature fruit. 

Pol phi. | 28 Wapato (Sagittaria latifolia). 
14. Water smartweed (Polygonum ampht-| 17 peed (Phragmites communis).* 

dium). re Blowers: 18. Big bulrush (Scirpus occidentalis). 

SUBMERGED PLANTS. 

Dominants: 22. Sago pondweed (Potamogeton pecti- 
natus). 

28. Helgrass pondweed (Potamogeton com- 
pressus). 

20. Floating pondweed (Potamogeton na | 54 gmall pondweed (Potamogeton pusil- 
tans) . Tus). 

‘25. Variable pondweed (Potamogeton hete- 

rephyllus) .* 

21. Water moss (Drepanocladus aduncus | 26. Water milfoil (Myriophyllum _ spica- 

aquaticus). tum). 

19. Curly pondweed (Potamogeton perfoli- 

atus richardsonii). 

Secondary species: 

FLOATING PLANTS. 

27. Star duckweed (Lemna trisulca). | 28. Big duckweed (Spirodela polyrhiza). 

Wild-duck foods—Plants in the above list which have considerable value as 

food for wild ducks are: Nos, 16, 18, 22, 24, 25, 27, and 28; those of lesser 

importance are: Nos. 1, 2, 6, 7, 8, 14, 15, 19, 20, 23, and 26; the remainder are of 

no known value. 
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MARSH LAKE, BROWN COUNTY. 

August 12-13, 1915. 

Description.—Fresh-water lake, well filled with vegetation. Little open water, 

average greatest depth 6 to 7 feet, bottom mucky except at east end. No inlet 

or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

A mixture in which no species are dominant is found in a narrow zone of wet 

meadow (2 to 5 rods) except on east side. 

1. Cord-grass (Spartina michauziana) .* 11. Sedge (Carex vulpinoidea).* Mature 

Flowers. fruit. 

2. Switchgrass (Panicum virgatum).* 12. Sedge (Carer scoparia).* Mature 

3. Hair-grass (Agrostis hyemalis) .* fruit. 

4. Redtop (Agrostis alba) .* 13. Rush (Juncus nodosus).* 

5. Bog reedgrass (Calamagrostis ineav- | 14. Rush (Juncus canadensis) .* Abun- 

pansa) .* dant; flowers to immature fruit. 

6. Couch-grass (Agropyron repens). 15. Rush (Juncus marginatus).* Mature 

7. Reed canary-grass (Phalaris arundina- fruit. 

cea) .* 16. Rush (Juncus dudleyi).* Capsules 

8. Straw sedge (Cyperus strigosus).* empty. 

Mature fruit. 17. Water hemlock (Cicuta maculata).* 

9. Shining sedge (Cyperus rivularis).* Flowers. 

Immature fruit. 18. Marsh mint (Stachys  palustris).* 

10. Three-way sedge (Dulichium arundina- Flowers. 

ceum).* Flowers. 19. Water marigold (Bidens beckii) .* 

SEMISUBMERGED PLANTS. 

Dominants: Secondary species: 

20. Big bulrush (Scirpus occidentalis). 23. Western water plantain (Alisma bre- 
vipes).* Flowers to immature fruit. 

24. Wapato (Sagittaria latifolia). 

22. Water smartweed (Polygonum amphib- | 95. Crested wapato (Sagittaria cristata). 
ium). 26. Reed (Phragmites communis). 

27. Rush (Juncus balticus).* Flowers. 

21. Spikerush (Hleocharis acuminata). 

SUBMERGED PLANTS. 

Dominants: 31. Small pondweed (Potamogeton pusil- . 

28. Curly pondweed (Potamogeton perfoli- lus).* Flowers. 

atus richardsonii). 32. Floating pondweed (Potamogeton na- 

Secondary species: LOE) 
33. White water crowfoot (Batrachium cir- 

29. Sago pondweed (Potamogeton pectina- cinatum).* 

tus) .* 34. Bladderwort (Utricularia vulgaris) .* 

30. Helgrass pondweed (Potamogeton com- | 35. Water milfoil (Myriophyllum  spica- 
pressus). tum). 

FLOATING PLANT. 

36. Star duckweed (Lemna trisulca) .* | 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 20, 24, 29, 31, and 36; those of lesser importance 

are: Nos. 1, 2, 8, 9, 11, 12, 19, 21, 22, 28, 30, 32, 33, and 34; the remainder are of 

no known value. 
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RAT LAKE, BROWN COUNTY. 

August 14, 1915. 

Description.—No marsh, and grazed to water’s edge around entire lake. 

Largely open water ; average greatest depth 3 to 4 feet; bottom sandy. No inlet 

or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Not conspicuous. 

1. Wild millet (Hchinochloa crus-galli) .* 4. Richweed (Pilea pumila).* 

Mature fruit. 5. Yellow monkey-flower (Mimulus gey- 
2. Sedge (Carex nebraskensis).* Mature eri) .* 

fruit. 6. Mint (Mentha canadensis). 

8. Rush (Juncus nodosus).* 

SEMISUBMERGED PLANTS. 

Dominants: 10. Western water plantain (Alisma bre- 

7. Wild rice (Zizania palustris).* Flow- vipes).* Not common. 
ene. 11. Geyer water plantain (Alisma geyeri).* 

8. Big bulrush’ (Scirpus occidentalis). Immature fruit. 
12. Wapato (Sagittaria latifolia).* Imma- 

Secondary species: ture fruit. 

9. Cat-tail (Typha latifolia). 18. Crested wapato (Sagittaria cristata). 

SUBMERGED PLANTS. 

Dominants: 17. Sago pondweed (Potamogeton pectina- 

14, Curly pondweed (Potamogeton. perfoli- tus). 
atus richardsonii). 18. Long-leaved pondweed (Potamogeton 

15. Water milfoil (Myriophyllum — spica- americanus).* Flower buds. 
tum) .* 19. Bushy pondweed (Najas flezilis).* Im- 

: mature fruit. 
Secondary species: 20. Coontail (Ceratophyllum demersum). 

16. Musk grass (Chara sp.) * Abundant, 

FLOATING PLANTS. 

21. Star duckweed (Lemna trisulca) .* | 22. Big duckweed (Spirodela polyrhiza). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 1, 7, 8, 12, 16, 17, 19, 20, 21, and 22; those of lesser 

importance are: Nos. 2, 10, 11, 13, 14, 15, and 18; the remainder are of no 

known value. 

WILLOW LAKE, BROWN COUNTY. 

August 15 (?), 1915. 

Description.—No marsh area. Water clouded, owing to abundance of a 

single-celled alga; mostly open water; average greatest depth 6 feet; bottom, 

as a whole, sandy. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Include principally : 3. Switchgrass (Panicum virgatum). 

1. Cord-grass (Spartina michaugiana). 4. Redtop (Agrostis alba). ~ 
2. Wild millet (Hchinochloa crus-galli). 
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SEMISUBMERGED PLANTS. 

Dominants: Secondary species: 

5. Wapato (Sagittaria latifolia). 7. Reed (Phragmites communis). 

6. Spike rush (Eleocharis acuminata). 8. Wild rice (Zizania palustris). Rare. 
9. Big bulrush (Scirpus occidentalis). 

SUBMERGED PLANTS. 

Dominants: | 13. Floating pondweed (Potamogeton na- 

10. Sago pondweed (Potamogeton pectina- tans). 

tus). 14. Curly i hind ¢ : y pondweed (Potamogeton perfoli- 
11. Water milfoil (Myriophyllum  spica- atus richardsonii). a a 

tum). 
15. Small pondweed (Potamogeton pusil- 

Secondary species: lus) 
12. Helgrass pondweed (Potamogeton com- 

pressus). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2, 5, 8, 9, 10, and 15; those of lesser importance 

are: Nos. 1, 3, 11, 12, 18, and 14; the remainder are of no known value. 

WEST CHAIN LAKE, BROWN COUNTY. 

August 16, 1915. 

-Description—Little or no marsh area. Well filled with vegetation. Bottom 

mucky; depth 4 feet. No inlet; outlet during high water into Middle Chain 

Lake. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

About as for neighboring lakes. 

1. Switchgrass (Panicum virgatum). 

2. Wild rye (Elymus canadensis). 

3. Indian grass (Sorgastrum nutans) .* 

Flowers. 

4. Redtop (Agrostis alba). 

SEMISUBMERGED PLANTS. 

Dominanis: Secondary species: 

5. Cat-tail (Typha _ latifolia) .* Mature 8. Wild rice (Zizania palustris). Very 

fruit. scattered stand on east end. 

7. Big bulrush (Scirpus occidentalis). 10. Water smartweed (Polygonum amphi- 

6. Crested wapato (Sagittaria cristata). | 9. Spike rush (Hleocharis acuminata). 

bium).* Flowers. 

SUBMERGED PLANTS. 

Dominants: 15. Floating pondweed (Potamogeton na- 

11. Waterweed (Philotria canadensis). tans). 

12. Water milfoil (MUyriophyllum  spica- 
16. Curly pondweed (Potamogeton perfoli- 

atus richardsonii). 

17. Long-leaved pondweed (Potamogetom 

americanus ) .* 

tum). 

Secondary species: 

13. Sago pondweed (Potamogeton pecti- 

’ natus).* Mature fruit. 

14. Variable pondweed (\Potamogeton hete- | 18. Bushy pondweed (Najas flezilis). 

rophyllus).* Flowers. 19. Coontail (Ceratophyllum demersum).* 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 7, 8, 18, 14, 18, and 19; those of less importance 

are: Nos. 1, 6, 10, 11, 12, 15, 16, and 17; the remainder are of no known value. 
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MIDDLE CHAIN LAKE, BROWN COUNTY. 

August 16, 1915. 

Description.—Marsh at east end. Bog at west end, which is inaccessible. 

Lake entirely filled with vegetation. Bottom mucky; greatest depth, 4 feet; 

inlet from West Chain Lake during high water; outlet into East Chain Lake. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Cord-grass (Spartina michauciana). 8. Shining sedge (Oyperus rivularis). 

2. Switchgrass (Panicum virgatum). 9. Straw sedge (Cyperus strigosus). 

3. Redtop (Agrostis alba). 10. Sedge (Carex scoparia). 

4. Couch-grass (Agropyron repens). 11. Sedge (Carea nebraskensis). 

5. Wild millet (Hchinochloa crus-galli). | 12. Rush (Juncus nodosus). 

Common. 138. Rush (Juncus marginatus). 

6. Wild rye (Elymus canadensis). Com- | 14. Rush (Juncus dudleyi). 

mon. 15. Water hemlock (Cicuta maculata). 

7. Indian grass (Sorghastrum nutans). 

SEMISUBMERGED PLANTS. 

Dominants: * 21. River bulrush (Scirpus fluviatilis) .* 

16. Wapato (Sagittaria latifolia). Abundant; mature fruit. %s 

17. Big bulrush (Scirpus occidentalis). | 22. Reed (Phragmites communis). 
Secondary species: 23. Wild rice (Zizania palustris). Very 

18. Bur reed (Sparganium eurycarpum). little. 

19. Cat-tail (Typha latifolia) . 24. Water smartweed (Polygonum amphi- 

20. Spike rush (Hleocharis acuminata). bium) . 

SUBMERGED PLANTS. 

Dominants: 29. Floating pondweed (Potamogeton na- 

25. Waterweed (Philotria canadensis). tans). 

26. Coontail (Ceratophyllum demersum). 30. Curly pondweed (Potamogeton per- 

Secondary species: foliatus richardsonii) . 

27. Sago pondweed (Potamogeton pecti- | 31. Small pondweed (Potamogeton pusil- 

natus). lus). 

28. Helgrass pondweed (Potamogeton com- 

pressus). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 5, 16, 17, 23, 26, 27, and 31; those of less impor- 

tance are: Nos. 1, 2, 8, 9, 10, 11, 18, 21, 24, 25, 28, 29, and 30; the remainder 

are of no known value. 

Notes oN OTHER BROWN CoUNTY LAKES. 

There are about 20 acres of wild rice (Zizania palustris) at tle west end of 

Long Lake, and about 20 to 80 acres at Frank Wales Swamp, between Long 

Lake and Clopper Lake. Filbrick Lake is said to contain a considerable area 

of rice. 

DEWEY LAKE, CHERRY COUNTY. 

August 21-24, 1915. 

Description.—Extensive marsh area at west end of the lake. Mostly open 

water; denth 9 to 10 feet; bottom mostly sandy except at west end and ex- 

treme east end, which is muck. Outlet into Willow Lake; inlet from White 

Water Lake; this inflow from White Water Lake during high water has prob- 

ably rendered Dewey Lake somewhat alkaline. 



NEBRASKA WILD-DUCK FOODS. 47 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Cord-grass (Spartina michauzxiana) .* 

Common: flowers. 

2. Switchgrass (Panicum virgatum).* 

Abundant. ; 

8. Bog reedgrass (Calamagrostis “ineg- 

pansa).* Common. 

4. Satin grass (Muhlenbergia foliosa).* 

Common; flowers. 

5. Straw sedge (Cyperus strigosus) .* 

Common. 
6. Spike rush (Hleocharis acicularis) .* 

Common on wet shore and shallow 

water; flowers. 

7. Sedge (Carex scoparia).* Rare; flow- 

ers. 

8. Rush (Juncus balticus).* 

9. Rush (Juncus torreyi).* Common ; 

flowers. 

10. Rush (Juncus marginatus).* Abun- 

dant; mature fruit. 

11. Rush (Juncus dudleyi).* Common; 

mature fruit. 

12. Richweed (Pilea pumila).* 

immature fruit. 

13. Heart’s-ease (Polygonum pennsylvani- 

Common ; 

cum) .* 

14. Water-hemp (Acnida tuberculata).* 

Common; flowers. 

15. Dragon-head (Dracocephalum virginia- 

num).* Common. 

16. Mint (Mentha canadensis) .* 

flower buds. 

17. Marsh mint 

Common. 
18. Willow herb (Epilobium  lineare).* 

Sparse; flowers to mature fruit. 

19. Small cleavers (Galiwn  trifiduim).* 

Sparse in marsh and wet shore; 

flowers to immature fruit. 

20. Blue lobelia (Lobelia syphilitica) .* 

: Common ; flowers. 

21. Sticktight (Bidens 

Sparse; flowers. 

Common ; 

(Stachys palustris) .* 

trichosperma) .* 

MARSH, OR BOG, PLANTS. 

22. Marsh fern 

Common. 

23. Bur reed 

Sparse. 

24. Wapato (Sagittaria latifolia). 

dant. 

25. Reed (Phragmites communis). 

dant. 

26. Spike rush (Hleocharis acwminata). 

27. Spike rush (Eleocharis acicularis) .* 

Common; flowers. 

(Dryopteris thelypteris) .* 

(Sparganium eurycarpum). 

Abun- 

Abun- 

28. Big bulrush 

Abundant. 

29. Sedge (Carex utriculata).* 

mature fruit. 

30. Tall dock (Rumer altissimus).* Sparse 5 

immature fruit. 

31. Water hemlock (Cicuta maculata) .* 

Sparse; flowers. 

(Scirpus occidentalis). 

Common ; 

SEMISUBMERGED PLANTS. 

Dominants: 

32. Reed (Phragmites communis).* Flow- 

ers. 

33. Big bulrush (Scirpus occidentalis) .* 

Flowers. 

Secondary species: 

34. Bur reed (Sparganium eurycarpum) .* 

Sparse; immature fruit. 

35. Cat-tail (Typha latifolia). 

86. Wapato (Sagittaria latifolia).* Abun- 

dant; flowers to immature fruit. 

37. Arrow-grass (Triglochin maritima) .* 

Common; flowers. 

38. Wild rice (Zizania palustris). Sparse 

at west end of lake and in poor con- 

dition. 

39. Spike rush 

Flowers. 

40. Water smartweed (Polygonum amphi- 

(Eleocharis acuminata) .* 

SUBMERGED PLANTS. 

Dominants: 

41. Water moss 

aquaticus). 

42. Coontail (Ceratophyllum demersum) .* 

Secondary species: 

43. Helgrass pondweed (Potamogeton com- 

pressus).* Common. 

44. Sago pondweed (Potamogeton pectina- 

(Drepenocladus aduncus 

tus).* Common. 

45. Curly pondweed (Potamogeton  per- 

foliatus richardsonii). Common. 

46. Illinois pondweed 

noensis). Sparse. 

(Potamogeton illi- 

bium).* _ Common; mature fruit. 

47. Bushy pondweed (Najas_ flevilis).* 
Common, 

48. Small pondweed (Potamogeton pusil- 

lus).* Common. 

49. Water smartweed (Polygonum amphi- 

bium). Sparse. 
50. Spatterdock (Nymphaea advena) .* 

Common; flowers to mature fruit. 

51. Water milfoil (Myriophyllum _ spica- 

tum).* Common. 

52. Bladderwort (Utricularia vulgaris).* 
Common, 



48 BULLETIN 794, U. S. DEPARTMENT OF AGRICULTURE. 

FLOATING PLANTS. 

53. Star duckweed (Lemna _ trisulca).* | 55. Big duckweed (Spirodela polyrhiza).* 

Common. Common. 

54. Small duckweed (Lemna minor).* Com- 

mon. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 24 (86), 28 (88), 38, 42, 44, 47, 48, 53, 54, and 55; 

those of less importance are: Nos. 1, 2, 5, 6, 7, 18, 21, 23, 26 (39), 29, 34, 

40 (49), 43, 45, 46, 50, and 5f; the remainder are of no known value. 

WILLOW LAKE, CHERRY COUNTY. 

August 23-24, 1915. 

Description.—Little or no marsh; grazed to water’s margin on north, east, 

and south shores. Well filled with vegetation. Open water extensive, average 

greatest depth 9 feet. Inlet from Dewey Lake; outlet into Trout Lake. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, nedees, ete., as for Dewey Lake. 

MARSH PLANTS. 

Small amount at west side. 

1. Cord-grass (Spartina michauciana). 5. Big bulrush (Scirpus occidentalis). 

2. Straw sedge (Cyperus strigosus). 6. Rush (Juncus balticus). Common. 

Abundant. 7. Rush (Juncus torreyi). Common. 

3. Spike rush (Eleocharis acuminata). 8. Dragon-head (Dracocephalum  virgini- 

4. Spike rush (#leocharis acicularis). anum) . 

Common. 9. Marsh mint (Stachys palustris). 

SEMISUBMERGED PLANTS. 

Dominant: | 12. Spike rush (Eleocharis acuminata). 

10. Big bulrush (Scirpus occidentalis) .* Common. 

Secondary species: 13. Water smartweed (Polygonum amphi- 

11. Wapato (Sagittaria latifolia). bium). Common. 

SUBMERGED PLANTS. 

Dominant: 17. Small pondweed (Potamogeton pusil- 

14. Water milfoil (Myriorhylum _ spica- tus).* Common; immature fruit. 
tum) .* 18. Bushy pondweed (Najas flezilis). Com- 

mon. 

Secondary species: 19. Water smartweed (Polygonum amphi- 
15. Sago _pondweed (Potamogeton pecti- bium). Sparse. 

natus). Common, 20. White water crowfoot (Batrachium 
16. Eelgrass pondweed (Potamogeton com- divaricatum).* Common ; flowers. 

pressus).* Common; nearly mature | 21. Coontail (Ceratophyllum demersum). 

fruit; winter buds. Common. 

FLOATING PLANT. 

22. Star duckweec (Lemna _ trisulca).* 

Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 5 (10), 11, 15, 17, 18, 21, and 22; those of less im- 

portance are: Nos, 1, 2,3 (12), 4, 13 (19), 14, and 16; the remainder are of no 

known yalue. 
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CLEAR LAKE, CHERRY COUNTY. 

August 25, 1915. 

Deseription—Some marsh at east end; narrow zone of wet meadow along 

south shore. Largely open water; average greatest depth, 7 to 8 feet; bottom at 

east and west ends mucky, while the other portion is sandy. No inlet; overflow 

into Willow Lake, during high water. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Bur reed (Sparganium eurycarpum). 

Sparse. 

2. Arrow-grass (Triglochin. maritima). 

Common on wet shore. 

38. Cord-grass (Spartina michauziana). 

Sparse. 

4, Switchgrass (Panicum virgatum). 

Common. 

5. Hairy crabgrass (Panicum huachucae) .* 
Common; immature and mature 

fruit. 

Saltgrass (Distichlis spicata) .* 

dant; mature fruit. 
Abun- 

7. Squirrel-tail (Hordeum jubatum).* 
Abundant. 

8. Broom-grass (Andropogon furcatus) .* 

Common. 

9. Dropseed (Sporobolus asperifolius).* 

Sparse. 

MARSH 

Consisting largely of: 

23. Big bulrush (Scirpus occidentalis) .* 

Others are: 

24. Squirrel-tail (Hordeum jubatum). 

25. Saltgrass (Distichlis spicata). 

10. Bog reedgrass (Calamagrostis inea- 
pansa). Common. 

11. Straw sedge (Cyperus strigosus). 

Common. 

12. Spike rush (Hleocharis acicularis). 
Common on wet shore. 

. Sedge (Carex scoparia). 

Rush (Juncus balticus) .* 

wet shore. 

- Rush (Juncus dudleyi). Common. 

- Rush (Juncus marginatus). 

Bushy knotweed (Polygonum ramosis- 

simum).* Common. 

. Heart’s - ease (Polygonum 

vanicum). 

. Richweed (Pilea pumila). 

Dragon-head (Dracocephalum virgini- 
anum). 

Marsh mint (Stachys palustris). 

. Mint (Mentha canadensis). 

Common on 

pennsyl- 

PLANTS. 

26. Bushy knotweed 

Sissimum) .* 
(Polygonum ramo- 

SEMISUBMERGED PLANTS. 

Dominants: 

27. Spike rush (Hleocharis acuminata). 

28. Big bulrush (Scirpus occidentalis). 

| Secondary species: 

SUBMERGED PLANTS. 

Submerged vegetation is scattered and not abundant. 

Dominant: 

31. Sago pondweed (Potamogeton pectina- 

tus). 

Secondary species: 

32. EHelgrass pondweed (Potamogeton com- 

pressus). Common. 

33. Small pondweed (Potamogeton pusil- 

lus). Common. 

29. Wapato (Sagittaria latifolia). Sparse. 

30. Reed (Phragmites communis). Sparse. 

34. Illinois pondweed (Potamogeton _ illi- 

noensis). Not abundant. 

35. Bushy pondweed (Najas_ (flezilis). 
Sparse. 

36. Coontail (Ceratophyllum demersum). 

Sparse. 

37. Water milfoil (Myriophyllum  spica- 

tum. Sparse. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 23 (28), 29, 31, 38, 35, and 36; those of less im- 

portance are: Nos. 1, 2, 3, 4, 6 (25), 11, 12, 13, 18, 27, 32, 34, and 37; the re- 

mainder are of no known value. 

120368°—20—Bull. 7944 
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HACKBERRY LAKE, CHERRY COUNTY. 

August 27, 1915. 

Description. Lake well filled with submerged vegetation. Open water exten- 

Sive; average greatest depth, 5 to 6 feet; bottom mostly mucky. No inlet or 

outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Cord-grass (Spartina michauciana). 

Sparse. 

2. Switchgrass (Panicum virgatum). 

Abundant. 

3. Bog reedgrass (Calamagrostis inea- 

pansa). Common. 

4. Satin grass (Muhlenbergia foliosa). 

Common. 

5. Straw sedge (Cyperus strigosus). Abun- 

dant. 

6. Spike rush (Eleocharis  acicularis). 

Common on wet shore and shallow 

water. 

7. Sedge (Carex scoparia). 

8. Rush (Juncus torreyi). Common. 

9. Rush (Juncus marginatus). 

10. Richweed (Pilea pumila). Common. 

11. Heart’s-ease (Polygonum pennsylvani- 

cum). Common. 

12. Bushy knotweed (Polygonum ramosissi- 

mum) .* 

13. Water - hemp 
Sparse. 

14, Dragon-head (Dracocephalum virginia- 

num). Common. 

15. Marsh mint (Stachys palustris). 

(Acnida tuberculata). 

MARSH PLANTS. 

19. Marsh fern (Dryopteris thelypteris). 

Common. 

20. Bur reed (Sparganium eurycarpum). 

Sparse. 

21. Wapato (Sagittaria latifolia). Abun- 

dant. 

22. Reed (Phragmites communis). Abun- 

dant. 

23. Rice cut-grass (Homalocenchrus ory- 

zoides).* Common. 

24. Big bulrush (Scirpus occidentalis). 

Abundant. 

16. Blue lobelia (Lobelia syphilitica). 

Sparse. 

17. Burweed (Iva canthifolia).* Common ; 

flowers. 

18. Sunflower (Helianthus annuus) .* 

Sparse. 

25. Spike rush (Hleocharis  acicularis). 

Common. 

26. Spike rush (Hleocharis acuminata). 

27. Sedge (Carex utriculata). Common. 
28. Tall dock (Rumes altissimus). Sparse. 

29. Watercress (Sisymbrium nasturtium- 

aquaticum).* Sparse. 

30. Touch-me-not (Impatiens biflora).* 

Sparse. 

31. Water hemlock 

Sparse. 

(Cicuta maculata). 

SEMISUBMERGED PLANTS. 

Dominants: 

32. Wild rice (Zizania palustris).* <A field 

of wild rice on north side about 14 

miles long and from a few to several 

rods wide. Some reed (Phragmites) 

mixed with it. 

33. Big bulrush (Scirpus occidentalis) .* 

Secondary species: 

34. Wapato (Sagittaria latifolia). 

mon, 

Com- 

35. Reed (Phragmites communis). Com- 

mon. 

36. Spike rush (Hleocharis acuminata). 
Common. 

37. Bristly sedge (Carex comosa).* 

mature fruit. 

38. Water hemlock (Cicuta maculata). 

Sparse; 

SUBMERGED PLANTS, 

Dominant: 

39. Coontail (Ceratophyllum demersum). 

Secondary species: 

40. Water moss (Drepanocladus sp.). Com- 
mon. 

41. Small pondweed (Potamogeton pusil- 
tus). Common. 

42. Helgrass pondweed (Potamogeton com- 

pressus). Common. 

43. Sago pondweed (Potamogeton pectina- 

tus). Abundant. 

44, Curly pondweed (Potamogeton per- 

foliatus richardsonii).* Common. 

45. Illinois pondweed (Potamogeton illino- 

ensis).* Common. 

46. Bushy pondweed (Najas flexilis). Com- 

mon. 
47. Water smartweed (Polygonum am- 

phibium). Common. 

48. White water crowfoot (Batrachium di- 
varicatum). Common. 

49. Water milfoil (Myriophyllum  spica- 

tum). 

50. Spatterdock (Nymphaea advena). Com- 

mon. 

51. Bladderwort (Utricularia vulgaris). 

Common. 
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FLOATING PLANTS. 

Dominant: Secondary species: 

52. Star duckweed (Lemna trisulca). 53. Small duckweed (Lemna minor). 

54. Big duckweed (Spirodela polyrhiza). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 21, 24 (83), 32, 34, 39, 41, 48, 46, 52, 53, and 54; 

those of less importance are: Nos. 1, 2, 5, 6 (25), 7, 11, 20, 23, 26 (86), 27, 29, 

37, 42, 44, 45, 47, 49, and 50; the remainder are of no known value. 

WATTS LAKE, CHERRY COUNTY. 

August 29, 1915. 

Description.—Large marsh at west end of lake, which it is not safe to pene- 

trate on account of the soft mucky bottom. lLake proper is mostly open water ; 

depth 5 to 6 feet; bottom largely muck. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, ete., as for Dewey and Hackberry Lakes. In addition the 

following: 

1. Sensitive rern (Onoclea_ sensibilis).* ; 3. Whorled loosestrife (Lysimachia quadri- 
Common on mucky shore; in fruit. folia).* Sparse. 

2. Water smartweed (Polygonum amphi- 

bium).* Not abundant; flowers. 

MARSH PLANTS. 

Dominants: 9. Wild rice (Zizania palustris). Abun- 

4, Reed (Phragmites communis). dant. A rice field in middle of marsh 

5. Big bulrush (Scirpus occidentalis). comprises about one-fifth of entire 

Secondary species: area. 

6. Bur reed (Sparganium eurycarpum.) 10. Spike rush (Eleocharis acuminata). 

7. Cat-tail (Typha latifolia). 11. Sedge (Carex utriculata). 

8. Wapato (Sagittaria latifolia).* Com- | 12. Rush (Juncus dudleyi). Sparse. 

mon, 138. Willows along marsh bank (Saliz). 

SEMISUBMERGED PLANTS. 

Dominants: 18. Reed (Phragmites communis). Com- 

14. Big bulrush (Scirpus occidentalis). mon. 

15. Spike rush (Eleocharis acuminata). 19. Water smartweed (Polygonum amphi- 

16. Wapato (Sagittaria latifolia). Com- bium). 

mon. 20. Water hemlock (Cicuta maculata), 

17. Wild rice (Zizania palustris). Sparse; Sparse. 

shows effect of high water. 

Other smaller sedges and rushes listed among marsh plants occur also in 

shallow water. 
. 

SUBMERGED PLANTS. 

Domimant: 27. Long-leave@ pondweed (Potamogeton 

21. Helgrass pondweed (Potamogeton com- americanus). Common. 

pressus). 28. Bushy pondweed (Najas flevilis). Com- 

Secondary species: EXO, 
22. Water moss (Drepanocladus sp.) Com- | 29. Water smartweed (Polygonum amphi- 

mon. bium). 
28. Sago pondweed (Potamogeton pecti- | 20. Coontail (Ceratophyllum demersum). 

natus). Abundant. Common. 
24. Small pondweed (Potamogeton pusil- | 31. Spatterdock (Nymphaea advena). Com- 

lus). Common. Lavo D 
25. Curly pondweed (Potamogeton per- | 32. Water milfoil (Myriophyllum spicatum). 

foliatus richardsonii). Common. Abundant. 
26. Illinois pondweed (Potamogeton illi- | 33. An alga (Nostoc verrucosum). Abun- 

noensis), Common, dant, 
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FLOATING PLANTS. 

84. Big duckweed (Spirodela polyrhiza). 36. Star duckweed (Lemna trisulca). 

35. Small duckweed (Lemna minor). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 5 (14), 8 (16), 9 (17), 28, 24, 28, 30, 34, 35, and 

86; those of less importance are: Nos. 2 (19, 29), 6, 10 (15), 11, 21, 25, 26, 

27, 31, and 82; the remainder are of no known value. 

TROUT LAKE, CHERRY COUNTY. 

August 31, 1915. 

Description.—Considerable marsh on southeast side of lake; small amount on 

south and west sides. Open water extensive; greatest average depth 8 to 9 

feet. Outlet into Ballard swamp. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, etc., as listed for neighboring bodies of water. In addition 

the following: ~ 

1. Sedge (Carex scoparia).* On wet shore 

and in bog. 

MARSH PLANTS. 

Dominants: 5. Wild rice (Zizania palustris). Abundant. 

2. Reed (Phragmites communis). 6. Spike rush (Hleocharis acuminata). 

3. Big bulrush (Scirpus occidentalis). Common. 
7. Water hemlock (Cicuta maculata). 

Secondary species: Sparse. 

4. Wapato (Sagittaria latifolia). Common. | 8. Burweed (Iva canthifolia). Common. 

Other smaller sedges and rushes listed for neighboring bodies of water are 

common in the marsh and bog areas. The marsh consists of rice patches alter- 

nating with rush fields. 

SEMISUBMERGED PLANTS. 

Dominant: 14. River bulrush (Scirpus fluviatilis).* 

9. Big bulrush (Scirpus occidentalis). Sparse. 

Secondary species: 15. Spike rush (Hleocharis acuminata). 

10. Cat-tail (Typha latifolia). Sparse. 16. Water smartweed (Polygonum amphi- 

11. Wapato (Sagittaria latifolia). Com- bium). Common, 

mon. 17. Water hemlock (Cicuta maculata). In 

12. Reed (Phragmites communis). Abun- Shallow water. 

dant. 

13. Dropseed (Sporobolus asperifolius). 

In shallow water. 

SUBMERGED PLANTS. 

Dominants: Secondary species: 

18. Coontail (Ceratophylium demersum). | 20. Small pondweed (Potamogeton pusil- 

Abundant. lus).* 

19. Water milfoil (Myriophyllum _ spica- 

tum). Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 8 (9), 4 (11), 5, 14, 18, and 20; those of less im- 

portance are: Nos. 1, 6 (15), 16, and 19; the remainder are of no known value. 
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PELICAN LAKE, CHERRY COUNTY. 

September 1, 1915. 

Description.—Very little-marsh; small swamp region at west end. Depth 

7 to 8 feet (average greatest) ; bottom mostly mucky. No outlet or inlet. 

DISTRIBUTION OF VEGETATION. 

The neck of water connecting Rat and Beaver Lakes has 2 sparse stand of 

wild rice (Zizania palustris), and the following are abundant: Wapato (Sagit- 

taria latifolia) and water smartweed (Polygonum amphibium). The submerged 

vegetation is about the same as for Rat Lake. 

SHORE PLANTS. 

A mixture of grasses, etc., as listed for neighboring lakes.* 

MARSH PLANTS. 

1. Marsh fern (Dryopteris thelypteris). 6. Big bulrush (Scirpus occidentalis). 

Common. Abundant. 
2. Cat-tail (Typha latifolia). Common. 7. Spike rush (Hleocharis acicularis). 

3. Bur reed (Sparganium eurycarpum). Common. 

Common. 8. Richweed (Pilea pumila). 

4. Wapato (Sagittaria latifolia). Abun- 9. Marsh mint (Stachys palustris). 

dant. 10. Mint (Mentha canadensis). 

5. Reed (Phragmites communis). Abun- | 11. Sticktight (Bidens trichosperma). Com- 
dant. mon. 

SEMISUBMERGED PLANTS. 

Dominant: 16. Reed (Phragmites communis). Com- 
12. Big bulrush (Scirpus occidentalis). mon. 

Secondary species: 17. Spike rush (Eleocharis acuminata). A 

13. Cat-tail (T'ypha latifolia). Common. few acres of rice along northeast 
14. Wapato (Sagittaria latifolia). Common. shore in shallow water. 
15. Wild rice (Zizania palustris). Com- 

mon. 

SUBMERGED PLANTS. 

Dominants: 21. Floating pondweed (Potamogeton na- 

18. Variable pondweed (Potamogeton heter- tans). 

ophyllus).* Immature fruit. 22. Small pondweed (Potamogeton pusil- 

19. Coontail (Ceratophyllum demersum). lus). Abundant. 

Secondary species: 23. Bushy pondweed (Najas flerilis). Abun- 

20. Sago pondweed (Potamogeton pectina- dant. 
tus). 24. Water smartweed (Polygonum amphi- 

bium). 

FLOATING PLANTS. 

25. Big duckweec (Spirodela polyrhiza). | 27. Star duckweed (Lemna trisulca). Com- 

Common. mon. 

26. Small duckweed (Lemna minor). Com- 

mon. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 4 (14), 6 (12), 15, 18, 19, 20, 22, 28, 25, 26, and 

27; those of less importance are: Nos. 3, 7, 11, 17, 21, and 24; the remainder 

are of no known value. 

1 The following two species have been recorded from Pelican Lake: Wood chess (Bromus 

ciliatus), Smith, J. G., Rept. Nebraska State Bd. Agr., 1892, p. 286, (1893) ; and a sedge 

(Carex douglasii), Smith, J. G., and Pound, Roscoe, Botanical Survey of Nebraska II, 

p. 26, 1898. The last-named plant may have some slight value as duck food. 
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RAT LAKE, CHERRY COUNTY. 

September 3-4, 1915. 

Description.—Little or no marsh. Fresh water, mostly open; greatest average 

depth, 8 feet; bottom mostly sandy. Inlet from Beaver Lake, these two lakes 

being connected by a strip of water a few rods wide. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Wild millet (Echinochloa crus-galli).* 

Mature fruit; common. 

Satin grass (Muhlenbergia foliosa).* bo 

Flowers. 

3. Wild rye (Elymus canadensis). Com- 

mon. 

4, Indian grass (Sorghastrum nutans).* 

Flowers. 

5. Richweed (Pilea pumila). 

6. Water smartweed (Polygonum amphi- 

bium). Common. 

7. Bush clover (Lespedeza capitata).* 

Sparse. 

8. Prairie trefoil (Hosackia americana) .* 

Mature fruit; abundant on higher 

sandy shore of lake margin. 

9. Evening primrose (Oenothera oakesi- 

ana).* Sparse. 

10. Mint (Mentha canadensis). 

11. Blue verbena (Verbena 

Flowers. 

12. Prairie sage (Artemisia gnaphalodes) .* 

Flowers; rare. 

13. Goldenrod (Solidago altissima).* Flow- 

hastata) .* 

ers. 

14. Bushy goldenrod (Huthamia gramini- 

folia).* Flowers. 

15. White wreath-aster (Aster multifiorus) .* 

Flowers ; common, 

Other grasses, small sedges, etc., as listed for neighboring bodies of water. 

MARSH PLANTS. 

Little or no marsh. 

SEMISUBMERGED PLANTS. 

Dominants: 

16. Wapato (Sagittaria latifolia). 

17. Spike rush (Hleocharis acuminata). 

Secondary species: 

18. Big bulrush (Scirpus occidentalis). 

19. Water smartweed (Polygonum amphi- 

bium).* Mature fruit. 

SUBMERGED PLANTS. 

Dominant: 

20. Coontail (Ceratophyllum demersum). 

Secondary species: 

21. Musk grass (Chara spp).* Common. 

22, Floating pondweed (Potamogeton na- 

tans). 

23. Curly pondweed (Potamogeton 

foliatus richardsonii). Common. 

24. Small pondweed (Potamogeton pusil- 

lus). Abundant. 

25. Sago pondweed (Potamogeton pectina- 

tus). Common. 

per- 

FLOATING PLANTS. 

1. Big duckweed (Spirodela polyrhiza). 

2. Small duckweed (Lemna minor). te CO 

26. Illinois pondweed (Potamogeton illi- 

noensis). Common. 

27. Bushy pondweed (Najas flezilis). Com- 

mon, 

28. Spike rush (H#leocharis  acicularis). 

Abundant, 

29. Water smartweed (Polygonum amphi- 

- bium). Rare. 

33. Star duckweed (Lemna _ trisulca). 

Abundant. 

33. Star duckweed (Lemna _ trisulca). 

Abundant. 

Wild-duck food.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 16, 18, 20, 21, 24, 25, 27, 31, 32, and 38; those of 

less importance are: Nos. 1, 6, 17, 19 (29), 22, 23, 26, 28, and 30; the remainder 

are of no known yalue. 
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BEAVER LAKE, CHERRY COUNTY. 

September 3-4, 1915. 

Description.—No marsh, grazed to shore line. Average greatest depth, 14 to 

15 feet; bottom sandy. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Upland vegetation to shore line; closely grazed. No marsh. 

SEMISUBMERGED PLANTS. 

1. Wapato (Sagittaria latifolia). Scarce. 2. Big bulrush (Scirpus _ occidentalis). 

Scarce. 

SUBMERGED PLANTS. 

Dominant: 7. Small pondweed (Potamogeton pusil- 

3. Coontail (Ceratophyllum demersum). lus). Abundant. 

Secondary species: 8. Floating pondweed (Potamogeton 

4, Sago pondweed (Potamogeton pecti- natans). 
natus). 9. Spike rush (Hleocharis acicularis), 

5. Curly pondweed (Potamogeton per- 10. Water smartweed (Polygonum amphi- 

foliatus richardsonii). biwm), Common. 

6. Illinois pondweed (Potamogeton illi- 

nNoensis). ~ 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are:Nos. 1, 2, 3, 4, and 7; those of less importance are: 

Nos. 5, 6, 8, 9, and 10; the remainder are of no known value. 

WENDLER SWAMP, CHERRY COUNTY. 

September 4 and 10, 1915. 

Description.—Good stand of wild rice over entire swamp. Fresh water, fed 

by springs; very little open; bottom very mucky; average greatest depth, 3 to 

4 feet; no inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Satin grass (Muhlenbergia foliosa). 1. Arrow-grass (Triglochin maritima). 6. 

Common. 7. Sedge (Carex scoparia).* Abundant. 

2. Wapato (Sagittaria latifolia). 8. Rush (Juncus torreyi).* 

3. Wild millet (Hchinochloa crus-galli). 9. Rush (Juncus marginatus) .* 

Common. 10. Water smartweed (Polygonum amphi- 

4. Switchgrass (Panicum virgatum). bium). 

5. Rice cut-grass (Hemalocenchrus ory- 

zoides). 

Other grasses, sedges, etc., as listed for neighboring bodies of water. 

SEMISUBMERGED PLANTS. 

Dominants: 15. Bur reed (Sparganium eurycarpum). 

11. Wild rice (Zizania palustris). 16. Wapato (Sagittaria latifolia). 

12. Reed (Phragmites communis). 17. Spike rush (Hleocharis acuminata). 

13. Big bulrush (Scirpus occidentalis). 18. Tall dock (Rumegx altissimus). 

Secondary species: 19. Water hemlock (Cicuta maculata) .* 
14. Cat-tail (Typha latifolia). 20. Buckbean (Menyanthes trifoliata) .* 
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SUBMERGED PLANTS. 

Dominants: 30. Variable pondweed (Potamogeton heter- 
21. Coontail (Ceratophyllum demersum). ophyllus) . 

22. Spatterdock (Nymphaea advena).* | 31. Curly pondweed (Potamogeton  per- 

Seedlings. foliatus richardsonii). 

Secondary species: 32. Bushy pondweed (Najas flerilis). Com- 

23. Musk grass (Chara sp.).* Abundant. THO Bs 
24. Water moss (Drepanocladus sp.). Abun- | 33- Water smartweed (Polygonum amphi- 

dant. bium). Abundant. 
25. Sago pondweed (Potamogeton pectina- 34. White water crowfoot (Batrachium di- 

tus). Abundant. varicatum) . 

26. Helgrass pondweed (Potamogeton com- | 39- Spatterdock (Nymphaea advena). Com- 
pressus). Common. mon. has 

27. Small pondweed (Potamogeton pusil- | 36. Water milfoil (Myriophyllum spicatum). 
lus). Common. Abundant. 

28. Illinois pondweed (Potamogeton illi- | 37- Bladderwort (Utricularia vulgaris). 
noensis). Abundant. 

29. Floating pondweed (Potamogeton na- 

tans). | 

FLOATING PLANTS. 

38. Big duckweed (Spirodela polyrhiza). 40. Star duckweed (Lemna trisulca). Com- 

39. Small duckweed (Lemna minor). mon. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2 (16), 3, 11, 18, 21, 28, 25, 27, 30, 32, 38, 39, and 

40; those of less importance are: Nos. 1, 4, 5, 7, 10 (383), 15, 17, 20, 22 (85), 

26, 28, 29, 31, 34, and 36; the remainder are of no known value. 

SWEETWATER LAKES, CHERRY COUNTY. 

' September 6, 1915. 

Description.—Marshy at west end. Well filled with submerged vegetation. 

Average greatest depth about 8 to 34 feet; bottom mostly sandy. Overflow from 

one lake to another during high water. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Typical mixture of grasses, etc., as listed for other lakes. Grazed mostly to 

shore line. 

MARSH PLANTS. 

1. Water plantain (Alisma subcordatwm). | 10. Water hemlock (Cicuta bulbifera).* 

Common. 11. Skullcap (Scutellaria galericulata).* 

2. Wapato (Sagittaria latifolia). Flowers. 
3. Reed (Phragmites communis). 12. Purple boneset (Hupatorium purpu- 
4. Big bulrush (Scirpus occidentalis). reum).* Flowers. 
5. Spike rush (Hleocharis acuminata). 13. Sticktight (Bidens trichosperma).* 

6. Rush (Juncus torreyi) .* Flowers. 
7. St. John’s-wort (Hypericum puncta- | 14. Willow aster (Aster _ salicifolius).* 

tum).* Mature fruit. Flowers. : 

8. Willow herb (Hpilobiwm lineare) .* 15. Sunflower (Helianthus annuus).* Flow- 

9. Water hemlock (Cicuta maculata). ers. 

SEMISUBMERGED PLANTS. 

Dominants: 19. Cord-grass (Spartina michauziana). 

16. Wapato (Sagittaria latifolia). 20. Big bulrush (Scirpus occidentalis). 
17. Spike rush (Hleocharis acuminata). 21. Water smartweed (Polygonum amphi- 

Secondary species: bium). 

18. Water plantain (Alisma subcordatum).* 

ee 



NEBRASKA WILD-DUCK FOODS. 57 

SUBMERGED PLANTS. 

Dominants: 

22. Musk grass (Chara sp.). 

23. Small pondweed (Potamogeton pusil- 

lus). 

24. Waterweed (Philotria canadensis) .* 

‘Flowers; only place found in this 
group of lakes in eastern Cherry 

County. 

Secondary species: 

25. Water moss 

Abundant. 

26. Sago pondweed (Potamogeton pectina- 

tus). Abundant. 

(Drepanocladus  sp.). 

27. Variable pondweed (Potamogeton heter- 
ophyllus) . 

28. Curly pondweed (Potamogeton 

foliatus richardsonii). Common. 

29. Bushy pondweed (Najas flezilis). 

30. Water smartweed (Polygonum amphi- 

bium). 

31. White water 

per- 

crowfoot (Batracirium 
divaricatum).* Common. 

32. Coontail (Ceratophyllum demersum). 

33. Spatterdock (Nymphaea advena). 

Algae abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2 (16), 4 (20), 22, 23, 26, 27, 29, and 32; those 

of less importance are: Nos. 1 (18), 5 (17), 13, 19, 21 (80), 24, 28, 31, and 

33; the remainder are of no known value. 

TWENTY-ONE LAKE, CHERRY COUNTY. 

September 6, 1915, 

Description.—Marshy at west end. Water perhaps a little alkaline; average 

greatest depth, 7% to 8 feet; bottom, sandy. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, etc., as for other lakes, and in addition the following: 

1. Long-leaved Treedgrass (Calamovilfa 

longifolia) .* 

2. Big bulrush (Scirpus 

Abundant on wet shore. 

occidentalis). 

Mature fruit. 3. Sedge (Carer diandra).* 

4. Mint (Mentha canadensis) .* 

5. Goldenrod (Solidago altissima).* 
6. Groundsel (Senecio riddellii).* Flowers. 

SEMISUBMERGED PLANTS. 

Dominant: 

7. Big bulrush (Scirpus occidentalis). 

Secondary species: 

8. Wapato (Sagittaria latifolia). 

dant, 

9. Reed (Phragmites communis). 

dant. 

Abun- 

Abun- 

10. Cord-grass (Spartina michauziana). 
11. Spike rush (Hleocharis acuminata). 

Abundant. 

12. Water smartweed (Polygonum amphi- 

bium). 

SUBMERGED PLANTS. 

Dominants: 

13. Sago pondweed (Potamogeton pectina- 

tus). 

14. Curly pondweed (Potamogeton per- 
foliatus richardsonii). 

Secondary species: 

15. Floating pondweed (Potamogeton na- 

tans). 
16. Illinois pondweed 

noensis). 

(Potamogeton illi- 

17. Helgrass pondweed (Potamogeton com- 

pressus). 

18. Small pondweed (Potamogeton pusil- 

lus). Abundant. 

19. Bushy pondweed (Najas flezilis). 

20. Coontail (Ceratophyllum demersum). 

Common. 
21. Bladderwort 

Common. 

—. Algae abundant. 

(Utricularia vulgaris). 

FLOATING PLANTS. 

22. Big duckweed (Spirodela polyrhiza). 
23. Small duckweed (Lemna minor). 

24. Star duckweed trisulca). 

Abundant. 

(Lemna 

Wild-duck foods.—Plants in the above list which have considerable value 

as food for wild ducks are: Nos. 2 (7), 8, 18, 18, 19, 20, 22, 23, and 24; those 

of less importance are: Nos. 3, 10, 11, 12, 14, 15, 16, and 17; the remainder are of 

no known yalue. : 
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MARSH LAKES, CHERRY COUNTY. 

September 7, 1915. 

Description.—These lakes in reality form one large lake, the parts of which 

are distinguished only in name. Fresh water, well filled with vegetation, small 

proportion open; average greatest depth as follows: South Marsh Lake, 7 to 

8 feet; Middle Marsh Lake, 10 to 12 feet; and North Marsh Lake, 6 to 7 feet. 

Bottom in general mucky, in a few places sandy. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

Very little open water on South Marsh Lake. Large body of open water, sur- 

rounded by dense growth of vegetation in Middle Marsh Lake. 

SHORE PLANTS. 

In addition to grasses, sedges, etc., listed for other lakes, there are: 

1. Three-way sedge (Dulichium arundi- 8. Sticky aster (Machaeranthera sessili- 

naceum) .* flora).* Flowers. 

2. Water pepper (Polygonum puncia- 9. Bur marigold (Bidens laevis) .* 

tum).* Mature fruit. Flowers. 

3. Three-finger (Potentilla monspeliensis).* | 10. New England aster (Aster novae- 

4. Water henviock (Cicuta bulbifera) .* angliae).* Flowers to immature 
5. Thorowort (Eupatorium perfoliatum) .* fruit. = 

_ Flowers. 11. Rush lettuce (Lygodesmia juncea).* 

6. Purple boneset (Hupatorium purpu- Flowers. 

reum).* 

7. Sunflower (Helianthus annuus) .* 

Flowers. 

SEMISUBMERGED PLANTS. 

Dominants: 17. Wild rice (Zizgania palustris). Abun- 
12. Reed (Phragmites communis). dant. 

13. Big bulrush (Scirpus occidentalis). 18. Spike rush (Hleocharis acuminata). 

Secondary species: Abundant. 

14. Cat-tail (Typha latifolia). Common. 19. Bristly sedge (Carex comosa). Abun- 

15. Bur reed (Sparganium eurycarpum). dant. 

Sparse. 20. Rush (Juncus marginatus). <A field 

16. Wapato (Sagittaria latifolia). Abun- and other scattered patches. 

dant. 2 21. Water smartweed (Polygonum amphi- 

bium). 

SUBMERGED PLANTS. 

Dominants: : 31. Helgrass pondweed (Potamogeton com- 

22. Water moss (Drepanocladus sp.). 
23. Sago pondweed (Potamogeton pectina- 

tus). 

24. Curly pondweed (Potamogeton  per- 

foliatus richardsonit) . 

25. Water milfoil (Myriophyllum  spica- | 34. 

tum).* Immature fruit. 

Secondary species: 345), 

26. Musk grass (Chara sp.) Common. 

27. Bur reed (Sparganium eurycarpum). | 36. 

Abundant. 

28. Floating pondweed (Potamogeton na- | 37. 

tans). Common. 

29. Illinois pondweed (Potamogeton illi- | 38. 

noensis). 

30. Small pondweed (Potamogeton pusil- | 39. 

lus). Abundant, 

32. 

33. 

pressus).. Common. 

Variable pondweed (Potamogeton heter- 

ophyllus) . 

Bushy pondweed (Najas flexilis).. Com- 

mon. 

Spike rush (Hleocharis acicularis). 

Abundant. 

Water smartweed (Polygonum amphi- 

bium). Common. 

White water crowfoot (Batrachium di- 

varicatum). 

Coontail (Ceratophyllum 

Abundant. 

Spatterdock (Nymphaea advena). 

mon. 

Bladderwort 

Common, 

demersum). 

Com- 

(Utricularia vulgaris). 
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FLOATING PLANTS. 

40. Big duckweed (Spirodela polyrhiza). 42. Star duckweed (Lemna trisulca). 

41. Small duckweed (Lemna minor). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos, 138, 16, 17, 28, 26, 30, 32, 33, 37, 40, 41, and 42; 

those of less importance are: Nos. 2, 9, 15 (27), 18, 19, 21 (85), 24, 25, 28, 29, 31, 

34, 36, and 38; the remainder are of no known value. 

RED DEER LAKE, CHERRY COUNTY. 

September 10, 1915. 

Description.—Little or no marsh. Mostly open water; average greatest depth, 

7 to 8 feet. Bottom generally sandy. Inlet from Ballard Swamp during over- 

flow period ; outlet into Goose Creek and thence into Niobrara River. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Typical mixture of grasses, sedges, goldenrods, etc., as listed for other lakes, 

including the following: 

1. Saltgrass (Distichlis spicata). | 

SEMISUBMERGED PLANTS. 

Dominants: Secondary species: 

2. Cat-tail (Typha latifolia). 4, Wapato (Sagittaria latifolia). Com- 

3. Big bulrush (Scirpus occidentalis). mon. 

5. Reed (Phragmites communis). Com- 

mon, 

SUBMERGED PLANTS. 

Dominants: 10. Curly pondweed (Potamogeton per- 
6. Sago pondweed (Potamogeton pectina- foliatus richardsonit). 

tus). 11. Illinois pondweed (Potamogeton illi- 

7. Coontail (Ceratophyllum demersum). noensis). 

Secondary spectes: 12. Small pondweed (Potamogeton pusil- 

8. Musk grass (Chara sp.). Abundant. lus). 
9. Floating pondweed (Potamogeton na- | 18. White water crowfoot (Batrachium di- 

tans). varicatum) . 

FLOATING PLANTS. 

14. Greater duckweed (Spirodela poly- | 16. Star duckweed (Lemna _ trisulca). 

rhizga). Abundant. Abundant. 

15. Small duckweed (Lemna minor). 

Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 
food for wild ducks are: Nos. 3, 4, 6, 7, 8, 12, 14, 15, and 16; those of less im- 

portance are: Nos. 1, 9, 10, 11, and 13; the remainder are of no known value. 

BALLARD SWAMP, CHERRY COUNTY. 

September 10, 1915. 

Description.—Vegetation abundant and in good condition. Fresh water; very 

little open; depth, 4 to 5 feet. Bottom in general very mucky; sandy in a few 

places. Inlet from Trout Lake; outlet during high water into Red Deer Lake. 
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DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, etc., as listed for neighboring waters, including the following: 

1. Common plantain (Plantago major) .* 

Mature fruit. 

2. Plantain (Plantago purshii).*  Flow- 

ers. 

8. Satin grass (Muhlenbergia squar- 

rosa).* Flowers. 

4, Tussock sedge (Carex stricta).* Ma- 

ture fruit. 

5. Closed gentian (Gentiana andrewsii) .* 

Flowers. 

6. Buckbean (Ményanthes trifoliata).* 

7. Purple foxglove (Gerardia besseyana) .* 

8. Small cleavers (Galium trifidum).* Im- 

mature fruit. 

9. Goldenrod (Solidago rigida).* Flow- 

ers, to mature fruit. 

10. Goldenrod (Solidago serotina).*- Flow- 

ers. 

11. Bushy goldenrod (Huthamia gramini- 

folia).*  Wlowers. 

12. Sticktight (Bidens trichosperma).* 

Flowers, to mature fruit. 

18. Willow aster (Aster _ salicifolius).* 

Flowers. 

SEMISUBMERGED PLANTS. 

Dominants: 

14. Wild rice (Zizgania palustris). Good 
stand of rice over most of swamp 

area. = 

15. Reed (Phragmites communis). 

16. Big bulrush (Scirpus occidentalis). 

Secondary species: 

17. Wapato (Sagittaria latifolia). 

18. River bulrush (Scirpus fluviatilis). 

19. Spike rush (Eleocharis acuminata). 

20. Sedge (Carex scoparia). 

21. Golden dock (Rumex persicarioides) .* 

Mature fruit; sparse. 

22. Water hemlock (Cicuta maculata). 

SUBMERGED PLANTS. 

Dominants: 

23. Small pondweed 

lus). 

24. Coontail (Ceratophyllum demersum). 

25. Spatterdock (Nymphaea  advena).* 

Seedlings. 

Secondary species: 

26. Musk grass (Chara sp.). Abundant. 

27. Floating pondweed (Potamogeton na- 

tans). 

28. Curly pondweed (Potamogeton per- 

foliatus richardsonii). 
29. Illinois pondweed (Potamogeton illino- 

ensis). 

(Potamogeton pusil- 

30. Helgrass pondweed (Potamogeton com- 

pressus). Abundant. 

31. Sago pondweed (Potamogeton vpecti- 

natus). Abundant. 

32. Small pondweed (Potamogeton pusil- 

lus). 

33. Bushy pondweed (Najas_ flezilis). 

Common. 

34. Water smartweed (Polygonum am- 

phibium). 

35. White water crowfoot (Batrachium di- 

varicatum). 

FLOATING PLANTS. 

37. Big duckweed (Spirodela polyrhiza). 

Abundant. 

38. Small duckweed 

Abundant. 

(Lemna minor). 

36. Water milfoil (Myriophyllum  spica- 

tum). 

39. Star duckweed (Lemna _ trisulca>. 

Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 14, 16, 17, 18, 28, 24, 26, 31, 32, 33, 37, 38, and 39; 

those of less importance are: Nos. 4, 6, 8, 12, 19, 20, 25, 27, 28, 29, 30, 34, 

35, and 36; the remainder are of no known value. 

BIG ALKALI LAKE, CHERRY COUNTY. 

September 13, 1915. 

Description.—Little or no marsh. Water, alkaline; average greatest depth, 

10 to 12 feet; bottom, sandy. No outlet or inlet. 
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DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, goldenrods, etc., as listed for neighboring lakes: 

1. Saltgrass (Distichlis spicata). Com- 

mon. | 

SEMISUBMERGED PLANTS. 

Dominants: | 8. Spike rush (Eleocharis acuminata). 
2. Big bulrush (Scirpus occidentalis). 

SUBMERGED PLANTS. 

4. Small pondweed (Potamogeton pusillus). , 6. Water milfoil (Myriophyllum spicatum). 

Abundant. Sparse. 

5. Sago pondweed (Potamogeton pecti- —. Very little submerged vegetation. 

natus). Sparse. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2, 4, and 5; those of less importance are: Nos. 

1, 3, and 6. 

MOLLY MARSH, CHERRY COUNTY. 

September 13,1915. 

Description.—Comparatively little open water; depth, 3 to 4 feet; bottom 

mucky. No outlet or inlet. 

DISTRIBUTION OF VEGETATION, 

SHORE PLANTS. 

A mixture of grasses, sedges, etc., as found on near-by lakes; nothing new. 

SEMISUBMERGED PLANTS. 

Dominant: 5. River bulrush (Scirpus fluviatilis). 

1. Great bulrush (Scirpus occidentalis). Common. ; , 
6. Spike rush (Hleocharis acuminata). 

7 Secondary species: . Water smartweed (Polygonum amphi- 
2. Bur reed (Sparganium eurycarpum). bium). Common, 

3. Wapato (Sagittaria latifolia). 8. Water hemlock (Cicuta maculata). 

4. Reed (Phragmites communis). Sparse. 

SUBMERGED PLANTS. 

9. Sago pondweed (Potamogeton pectina- | 15. Small pondweed (Potamogeton pusil- 

tus). lus). Common. 

10. Coontail (Ceratophyllum demersum). 16. Bushy pondweed (Najas flexilis). Com- 

mon. 

Revondory species: 17. Water smartweed (Polygonum amphi- 
11. Floating pondweed (Potamogeton na- bium). 

tans). 18. White water crowfoot (Batrachium di- 
12. Curly pondweed (Potamogeton per- varicatum). Abundant. 

foliatus richardsonii) . 19. Spatterdock (Nymphaea advena). 
13. Illinois pondweed (Potamogeton illi- | 20. Water milfoil (Myriophyllum  spica- 

NOENSIS ) . tum). 

14. Helgrass pondweed (Potamogeton com- } 21. Bladderwort (Utricularia vulgaris). 

Pressus). Common, 
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FLOATING PLANTS. 

22. Big duckweed (Spirodela polyrhiza). ) 24. Star duckweed (Lemna _ trisulca). 
Abundant. Abundant. 

23. Small duckweed (Lemna minor). Abun- 

dant. 

Wild-duck foods.—Plants in the above list which have considerable value es 

food for wild ducks are: Nos. 1, 8, 5, 9, 10, 15, 16, 22, 28, and 24; those of less 

importance are: Nos. 2, 6, 7 (17), 11, 12, 13, 14, 18, 19, and 20; the remainder 

are of no known value. 

HAY LAKE, CHERRY COUNTY. 

September 14, 1915. 

Description.—No marsh. Lake well filled with submerged vegetation; bottom 

mostly mucky; depth, 6 feet. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

¥ SHORE PLANTS. 

In addition to others listed for near-by waters, there are: 

1. Switchgrass (Panicum virgatum).* Ma- | 2. White wreath-aster (Aster multifiorus) .* 

ture fruit. Flowers. 

SEMISUBMERGED PLANTS. 

Dominant: Secondary spectes: 

3. Big bulrush (Scirpus occidentalis). 4. Cat-tail (Typha latifolia). 

5. Spike rush (Eleocharis acuminata). 

SUBMERGED PLANTS. 

Dominant: 8. Illinois pondweed (Potamogeton illino- 

6. Sago pondweed (Potamogeton  pecti- ensis). 

natus) .* 9. Helgrass pondweed (Potamogeton com- 

Secondary species: pressus). 
7. Curly pondweed (Potamogeton  per- 10. Bushy pondweed (Najas flerilis). Com- 

foliatus richardsonii). mon. 

Wild-duck foods.—Plants in the above list which have considerable value 

as food for wild ducks are: Nos. 8, 6, and 10; those of less importance are: 

Nos. 1, 5, 7, 8, and 9; the remainder are of no known value. 

SOUTH CODY LAKE, CHERRY COUNTY. 

September 18-19, 1915. 

Description—Marshy at east and west ends; considerable open water: 

average greatest depth, 4 to 5 feet; bottom generally mucky. Inlet from the 

west; overflow into North Cody Lake during high water. 
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DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Typical wet-meadow plants. 

1. Arrow-grass (Triglochin maritima).* 
Mature fruit. 

15. 
16. 

Water hemlock (Cicuta bulbifera) .* 

Marsh mint (Stachys  palustris).* 

Flowers. 

2. Wild millet (Hehinochloa crus-galli) .* 17. Mint (Mentha canadensis).* Flowers. 

8. Switchgrass (Panicum virgatum) .* 18. Water hoarhound (Lycopus asper).* 

4. Cord-grass (Spartina michauciana) .* Mature fruit: 
5. Squirrel-tail (Hordeum jubatum).* 19. Hairy germander (Teucrium occiden- 

6. Satin grass (Muhlenbergia foliosa) .* tale).* Mature fruit. 

7. Sedge (Cyperus speciosus).* Mature | 20. Small cleavers (Galium trifidum).* Im- 

fruit. mature fruit. 

8. Rush (Juncus torreyi).* 21. Ragweed (Ambrosia elatior).* Flow- 

9. Rush (Juncus balticus) .* ers, to mature fruit. 

10. Richweed (Pilea pumila).* Immature | 22. Goldenrod (Solidago altissima).* Flow- 

fruit. ers. 

11. Water smartweed (Polygonum amphi- | 23. Sunflower (Helianthus annuus) .* 

bium).* Flowers to mature fruit. Flowers. 

12. Water pepper (Polygonum puncta- | 24. Bur marigold (Bidens laevis).* Flow- 

tum) .* ers. 

13. Heart’s-ease (Polygonum pennsylvani- | 25. Willow aster (Aster salicifotius).* 

cum).* Mature fruit. Flowers, 

14, Lamb’s-quarters (Chenopodium al- 

bum) .* 

SEMISUBMERGED PLANTS. 

Dominants: 35. River bulrush (Scirpus fluviatilis) .* 

26. Tule (Scirpus validus).* Mature fruit, Mature fruit ; common. 

27. Reed (Phragmites communis) .* 386. Spike rush (Hleocharis, probably aci- 

Secondary species: cularis) .* 
28. Cat-tail (Typha latifolia) .* alts Bristly sedge (Carer comosa) .* Ma- 

29. Bur reed (Sparganium eurycarpum).* EIS AS 5 BIDS dual. 
Mature fruit; common. 38. Curly dock (Rumeax crispus).* Ma- 

30. Water plantain (Alisma subcorda- ture fruit; common. 
j tum).* Common. 39. Water smartweed (Polygonum amphi- 

31. Wapato (NSagittaria latifolia).* Ma- bium). ( 
ture’ fruit. 40. Water hemlock (Cicuta maculata) .* 

32. Wild rice (Zizania palustris) .* LIONS) WED REESE NSS EE 
41. Swamp milkweed (Asclepias incar- 33. Cord - grass 

Abundant, 

34. Three-square 

Common. 

(Spartina michauziana). 

(Scirpus americanus) .* 

nata).* Mature fruit. 

SUBMERGED PLANTS. 

Dominants: 

42. Floating 

natans) .* 

43. Coontail (Ceratophyllum demersum) .* 

Secondary spectes: 

44, Musk grass (Chara sp.).* 

45. Water moss (Drepanocladus 

var. lacum). 

46. Curly pondweed (Potamogeton per- 

foliatus richardsonii) .* 

47. Variable pondweed (Potamogeton heter- 

pondweed (Potamogeton 

Common. 

kneiffi 

ophyllus). 

48. Sago pondweed (Potamogeton pecti- 

natus).* Abundant. 

49. Helgrass pondweed (Potamogeton com- 

pressus),* Common. 

50. 

- Bushy pondweed 

. Yellow water-crowfoot 

. Water milfoil 

. Bladderwort 

Small pondweed (Potamogeton pusil- 

lus).* Winter buds present; com- 

mon. 

(Najas_ flewilis).* 
Common. 

. Spike rush (Hleocharis, probably aci- 

cularis).* Common. 

. Water smartweed (Polygonum amphi- 

bium). 
(Ranunculus 

delphinifolius) . 

(Myriophyllum 

Abundant. 

(Utricularia 

Spica- 

tum) .* 
vulgaris). 

Common. — 
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FLOATING PLANTS. 

57. Big duckweed (Spirodela polyrhiza).* {| 59. Star duckweed (Iemna_ trisulca).* 

Common. Abundant. 

58. Small duckweed (Lemna minor) .* Com- 

mon, 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 26, 31, 32, 35, 48, 44, 48, 50, 51, 57, 58, and 59; 

those of less importance are: Nos. 1, 2, 3, 4 (83), 7 (39, 53), 12, 13, 24, 29, 30, 

34, 36, 37, 42, 46, 49, 54, and 55; the remainder are of no known value. 

NORTH CODY LAKE, CHERRY COUNTY. 

September 20, 1915. 

Description.—Average greatest depth 4 feet; bottom generally mucky. Con- 

nected with South Cody Lake during high water. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

—. Typical wet-meadow plants. 12. Lamb’s-quarters (Chenopodium album). 

1. Cord-grass (Spartina michauziana) . 18. Water hemlock (Cicuta -bulbifera). 

2. Wild millet (Hchinochloa crus-galli). 14. Water hoarhound (Lycopus asper). 

3. Switchgrass (Panicum virgatum). 15. Marsh mint (Stachys palustris). 
4. Squirrel-tail (Hordeum jubatum). 16. Hairy germander (Teucrium occiden- 
5. Satin grass (Muhlenbergia foliosa). tale). 

6. Sedge (Cyperus speciosus). 17. Small cleavers (Galium trifidum). 

7. Rush (Junous torreyi). 18. Ragweed (Ambrosia elatior). 
8. Rush (Juncus balticus). 19. Goldenrod (Solidago altissima). 

9. Richweed (Pilea pumila). 20. Bur marigold (Bidens laevis). 

10. Water smartweed (Polygonum amphi- 21. Sunflower (Helianthus annuus). 

bium). 22. Willow aster (Aster salicifolius). 

11. Water pepper (Polygonum punctatum). 

SEMISUBMERGED PLANTS. 

Dominants: 31. Three-square (Scirpus americanus). 
23. Reed (Phragmites communis). Common. 

24. Tule (Scirpus validus). 32. River bulrush (Scirpus fluviatilis). 
Secondary species: Common. 

25. Cat-tail (Typha latifolia). 33. Spike rush (Hleocharis, probably aci- 
26. Bur reed (Sparganium eurycarpum). cularis). 

Common. 34. Bristly sedge (Carex comosa). Abun- 

27. Water plantain (Alisma subcordatum) .* dant. 

Common. 35. Curly dock (Rumes crispus). Common. 

28. Wapato (Sagittaria latifolia). 36. Water smartweed (Polygonum amphi- 

29. Wild rice (Zizania palustris). Abun- biwm). 
dant. 37. Water hemlock (Cicuta maculata). 

30. Cord- grass (Spartina michauziana). | 38. Swamp milkweed (Asclepias incar- 

Abundant. nata). 

SUBMERGED PLANTS. 

Dominant: 46. Bushy pondweed (Najas_ flevilis). 
39. Coontail (Ceratophyllum demersum). Common. 

Secondary species: 47. Spike rush (Hleocharis, probably aci- 

40. Musk grass (Chara sp.).* Common. EiLtaiee)- 
41. Water moss (Drepanocladus sp.). 48. Water smartweed (Polygonum amphi- 

42. Curly pondweed (Potamogeton per- bium). Common. 
foliatus richardsonii). Common. 49. Yellow water-crowfoot (Ranunculus 

43. Variable pondweed (Potamogeton heter- delphinifolius) .* 
ophyllus) .* 50. Water milfoil (Myriophyllum  spica- 

44. Sago pondweed (Potamogeton pectina- tum). Abundant. 
tus). Abundant. 51. Bladderwort (Utricularia vulgaris).* 

45. Eelgrass pondweed (Potamogeton com- 

preséus), 
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FLOATING PLANTS. 

52. Big duckweed (Spirodela polyrhiza). | 54. Star duckweed (Lemna _ trisulca). 

Common. Common. 

53. Small duckweed (Lemna minor). 
Common. 

Wild-duck foods.—Plants in the above list which have considerable value 

as food for wild ducks are: Nos. 24, 28, 29, 32, 39, 40, 43, 44, 46, 52, 53, and 54; 

those of less importance are: Nos. 1, 2, 3, 6, 10 (36, 48), 11, 20, 26, 27, 31, 33 

(47), 34, 42, 45, 49, and 50; the remainder are of no known value. 

RED WILLOW LAKE, CHERRY COUNTY. 

October 9, 1915. 

Description.—Very small amount of marsh at west end. Well filled with 

vegetation. Fresh water; average greatest depth 4% feet; bottom mostly 

sandy. No outlet or inlet. No current except as caused by wind. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

—. Typical wet-meadow plants. 10. Rush (Juncus balticus).* Immature 

1. Saltgrass (Distichlis spicata).* Ma- fruit. 
ture fruit; abundant. 11. Rush (Juncus, probably interior).* 

2. Western wheat-grass. (Agropyron Mature fruit. 
smithii).* Mature fruit; common. 12. Willow (Saliz prinoides).* Sparse. 

3. Switchgrass (Panicum virgatum).* Ma- | 13. Golden dock (Rwme« = persicarioides) .* 

ture fruit; abundant. Mature fruit; common. 
4. Fragrant sedge (Cyperus inflerus).* 14. Bushy knotweed (Polygonum ramosissi- 

Mature fruit; abundant. mum).* Mature fruit; sparse. 

5. Straw sedge (Cyperus strigosus).* Ma- | 15. Water hemlock (Cicuta bulbifera).* 
ture fruit ; abundant. Sparse. 

6. Three-way sedge (Dulichium arundina- | 16. Bugleweed (Lycopus unifiorus).* Flow- 

ceum).* Common. ers, to mature fruit; common. 

7. Spike rush (Eleocharis acicularis).* | 17. Ragweed (Ambrosia elatior).* Flow- 

Mature fruit ; abundant. ers; common. 

8. Rush (Juncus marginatus).* Mature | 18. Bushy goldenrod (Huthamia graminifo- 

fruit. , lia).* Flowers, to mature fruit; 

9. Rush (Juncus canadensis).* Mature common. 

fruit; abundant. 19. Bur marigold (Bidens laevis). 

SEMISUBMERGED PLANTS. 

Dominant: 24. Wapato (Sagittaria latifolia). Com- 

20. Tule (Scirpus validus). mon. 

Secondary species: 25. Cord-grass (Spartina michauziana). 

21. Cat-tail (Typha latifolia). Sparse. Common. 
22. Bur reed (Sparganium eurycarpum). | 26. Three-square (Scirpus americanus). 

Sparse. Common. 
23. Water plantain (Alisma subcorda- | 2%. Water smartweed (Polygonum amphibi- 

tum).* Common. um).* Mature fruit ; common. 

SUBMERGED PLANTS. 

Dominant: 32. Sago pondweed (Potamogeton pecti- 

28. Water milfoil (Myriophyllum spica- natus).* Mature fruit; sparse. 

tum).* Mature fruit. 33. Small pondweed (Potamogeton pusil- 

Secondary species: lus).* Winter buds present. 
29. An alga (Nostoc verrucosum). Abun- | 24. Spike rush (Eleocharis, probably aci- 

dant. cularis).* Common. 
30. Curly pondweed (Potamogeton per- | 35. Water smartweed (Polygonum amphibi- 

foliatus richardsonii). Common. um).* 
31. Variable pondweed (Potamogeton heter- | 36. Coontail (Ceratophyllum. demersum).* 

ophyllus).* Mature fruit; common. | 37. Bladderwort (Utricularia vulgaris) .* 

120368°—20—Bull. 7945 
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FLOATING PLANT. 

38. Star duckweed (Lemna trisulca) .* 

Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 20, 24, 31, 32, 33, 36, and 38; those of less impor- 

tance are: Nos. 1, 3, 4, 5, 7, 22, 28, 25, 26, 27 (35), 28, 30, and 34; the remainder 

are of no known value. 

WHITE WILLOW LAKE, CHERRY COUNTY. 

October 10, 1915. 

Description.—No marsh. Grazed to shore on south and west sides. 

filled with vegetation. 

No inlet or outlet. 

Well 

Fresh water; depth 6 to 7 feet; bottom mostly sandy. 

DISTRIBUTION OF VEGETATION, 

SHORE PLANTS. 

—. Typical wet-meadow plants. 

1. Saltgrass (Distichlis spicata). Abun- 

10. Three-way sedge (Dulichium arundi- 

naceum). Common. 

dant. 11. Sedge (Carex vulpinoidea).* 

2. Western wheat-grass (Agropyron | 12. Sedge (Carex scoparia).* Mature fruit. 

smithii). Common. 138. Rush (Juncus marginatus) .* 

8. Switchgrass (Panicum virgatum). | 14. Rush (Juncus canadensis). Abundant. 

Abundant. : 15. Willow (Saliz). Sparse. = 

4. Bog reedgrass (Calamagrostis “inex- | 16. Golden dock (Rumeax persicarioides). 
pansa).* Mature fruit. Common. 

5. Fragrant sedge (Cyperus inflerus). | 17. Bushy knotweed (Polygonum ramosissi- 

Abundant. mum). Sparse. 

6. Straw sedge (Cyperus strigosus).* | 18. Water hemlock (Cicuta  bulbifera). 
Mature fruit. Sparse. 

7. Shining sedge (Cyperus rivutaris).* | 19. Bugleweed (Lycopus uniflorus). Com- 

Mature fruit. mon. 
8. Spike rush (Hleocharis palustris).* | 20. Ragweed (Ambrosia elatior’. Common. 

Mature fruit. 21. Bushy goldenrod (Huthamia gramini- 

9. Spike rush (Hleocharis acicularis). folia). Common. 

Abundant. 22. Bur marigold (Bidens laevis). 

SEMISUBMERGED PLANTS. 

Dominant: 25. Cord-grass (Spartina michauciana).* 

23. Tule (Scirpus validus). Mature fruit ; common. 

Secondary spectes: 26. Bog reedgrass (Calamagrostis inea- 

24. Wapato (Sagittaria latifolia). pansa). 

SUBMERGED PLANTS. 

Dominants: 32. Variable pondweed (Potamogeton heter- 

27. Small pondweed (Potamogeton pusil- ophyllus). 

lus).* Mature fruit; winter buds. 33. Sago pondweed (Potamogeton pectina- 

28. Water milfoil (Myriophyllum  spica- tus).* Common. 

tum). 34. Bushy pondweed (Najas flezilis). Rare. 

Secondary species: 35. Spike rush (Hleocharis, probably aci- 

29. Musk grass (Chara sp.).* Common. cularis). Common. A 
30. Water moss (Drepanocladus sp.). 36. Water smartweed (Polygonum amphi- 

31. Curly pondweed (Potamogeton per- bimm) Common.) : 
foliatus richardsonii).* Abundant. 37. Bladderwort (Utricularia vulgaris). 

Common. 

FLOATING PLANTS. 

38. Butterflywort (Riccia natans).* 40. Star duckweed (Lemna _ trisulca).* 

39. Big duckweed (Spirodela polyrhiza). Abundant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 23, 24, 27, 29, 32, 33, 34, 39, and 40; those of 

less importance are: Nos. 1, 3, 5, 6, 7, 8, 9, 11, 12, 25, 28, 31, 35, and 36; the 

remainder are of no known value. 
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SPECKELMIRE LAKE, CHERRY COUNTY. 

October 12, 1915. 

Description.—Marsh at west end. Fresh water; average greatest depth 3 to 

4 feet; bottom mostly sandy. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, etc., as listed for neighboring lakes; nothing new. 

SEMISUBMERGED PLANTS. 

Dominants: 8. Reed (Phragmites communis). Com- 

1. Cat-tail (Typha latifolia). mon. 

2. Tule (Scirpus validus). 9. Bog reedgrass (Calamagrostis inex- 

Secondary species: pansa). Common. 
3. Bur reed (Sparganium eurycarpum). 10. River bulrush (Scirpus fluviatilis) .* 

4, Arrow-grass (Triglochin maritima). Common ; not fruiting. 
5. Water plantain (Alisma subcordatum). | 11. Spike rush (Hleocharis palustris). Com- 

Common. wEO a 
6. Wapato (Sagittaria latifolia). Com- | 12. Willow (Salix). Sparse. 

mon. 18. Curly dock (Rumez crispus). Sparse. 

7. Cord-grass (Spartina michauziana). | 14. Water smartweed (Polygonum amphi- 
Common. bium).* Flowers; abundant. 

SUBMERGED PLANTS. 

Dominant: 17. Water smartweed (Polygonum amphi- 

15. Sago pondweed (Potamogeton pectina- bium). Common. 

tus).* Practically fills lake. 18. Water milfoil (Myriophyllum  spica- 

Secondary species: tum). 
16. Spike rush (Eleocharis, probably aci- | 19. Bladderwort (Utricularia vulgaris). 

cularis). Common. Common. 

FLOATING PLANTS. 

20. Butterflywort (Riccia natans). Sparse. | 22. Star duckweed (Lemna _ trisulca). 

21. Big duckweed (Spirodela polyrhiza). Common. 

rhiza). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2, 6, 10, 15, 21, and 22; those of less importance 

are: Nos. 3, 4, 5, 7, 11, 14 (17), 16, and 18; the remainder are of no known 

value. 

YEARLING VALLEY LAKE, CHERRY COUNTY. 

October 13, 1915. 

Description.—Average greatest depth 8 to 4 feet. Bottom is sand muck. No 

inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, etc., as listed for neighboring lakes; nothing new. 
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SEMISUBMERGED PLANTS. 

Dominant: 

1. Tule (Scirpus validus). 

Secondary species: 

2. Cat-tail (T'ypha latifolia). 

8. Bur reed (Sparganium 

Sparse. 

4. Water plantain (Alisma subcordatum). 

Common. 

5. Wapato (Sagittaria latifolia). Common. 

6. Cord-grass (Spartina michausziana). 

Abundant. 

Sparse. 

eurycarpum). 

7. River bulrush (Scirpus fluviatilis). 

Sparse. 

8. Three-square (Scirpus americanus). 

Sparse. 

9. Water smartweed (Polygonum amphi- 

bium). Common. 
10. Water hemlock (Cicuta maculata), and 

others listed under shore vegetation 

for neighboring lakes growing in shal- 

low water. - 

SUBMERGED PLANTS. 

Dominants: 

11. Sago pondweed 

natus). 

Water milfoil 

tum). 

Secondary species: 

13. Variable pondweed (Potamogeton heter- 

ophyllus). 

(Potamogeton pecti- 

1a (Myriophyllum  spica- 

FLOATING 

18. Butterflywort (Riccia natans). 

19. Big duckweed (Spirodela polyrhiza). 

Common. .- 

14. Small pondweed (Potamogeton pusil- 
lus). Common. 

15. Spike rush (Hleocharis acicularis). 
Common. 

16. Water smartweed (Polygonum amphi- 

bium). Sparse. 

17. Bladderwort (Utricularia vulgaris). 

Sparse. 

PLANTS. a 

20. Star duckweed (Lemna trisulca). Com- 

mon. 

Wild-duck foods.—Plants in the above list which have considerable value as — 

food for wild ducks are: Nos. 1, 5, 7, 11, 18, 14, 19, and 20; those of less im- 

portance are: Nos. 3, 4, 6, 8, 9 (16), 12, and 15; the remainder are of no known 

value. 

SILVER LAKE, CHERRY COUNTY. 

October 17, 1915. 

Description.—Marsh and most of the other vegetation at west end of lake; 

water clearer at west end of marsh than in the open where there is an alkaline 

appearance; bottom sandy at east half; mucky in west; average greatest depth 

3 to 4 feet. 

eurrent; no inlet. 

Outlet to the west; since the lake is being drained, probably some 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

As for neighboring lakes. 

SEMISUBMERGED 

Dominant: 

. Tule (Scirpus validus).* Mature fruit, 

only thing growing in open water. 

Secondary species: 

Cat-tail (Typha latifolia). 

Bur reed (Sparganium eurycarpun). 

Water plantain (Alisma subcordatum). 

Wapato (Sagittaria latifolia). 

Cord-grass (Spartina michausiana). 

Common, 

i 

DoT ye ge bo 

PLANTS. 

7. Reed (Phragmites communis). Com- 

mon. 

8. Three-square (Scirpus americanus). 

Common. 

9. Willow (Saliz). 

Curly dock (Rumez crispus). Sparse. 

. Water smartweed (Polygonum amphi- 

biwm). 

. Water hemlock 

Sparse. 

(Cicuta maculata). 
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SUBMERGED PLANTS. 

Dominant: 

13. Sago pondweed (Potamogeton pectina- 

tus).* The only submerged plant 

in open water of east half of lake. 

Secondary species: 

14. Floating pondweed (Potamogeton na- 

tans).* — 

15. Small pondweed 

lus). Sparse. 

(Potamogeton pusil- 

16. Spike rush (Eleocharis, probably aci- 

FLOATING PLANTS. 

20. Big duckweed (Spirodela polyrhiza). 

Sparse. 

cularis ). 

17. Water smartweed (Polygonum amphi- 

biwm). 
18. Water milfoil (Myriophyllum  spica- 

tum). Sparse. 

19. Bladderwort (Utricularia vulgaris). 

Rare. 

21. Star duckweed (Lemna trisulca). Rare. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 1, 5, 13, 15, 20, and 21; those of less importance 

are: Nos. 3, 4, 6, 8, 11, 14, 16, and 17; the remainder are of no known value. 

MOFFITT LAKE, GARDEN COUNTY. 

September 23, 1915. 

Description.—Grazed to shore line on east side; submerged vegetation very 

searce and in poor condition. 

feet; hard sand bottom. 

Water very alkaline; average greatest depth, 5 

No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

1. Saltgrass (Distichlis spicata).* Abun- 

dant. 

2. Cord-grass (Spartina gracilis).* Ma- 

ture fruit; common. 
3. Wild rye (Elymus canadensis).* Ma- 

ture fruit; common. 

4. Barbed witchgrass (Panicum barbipul- 

vinatum).* Immature fruit; scarce. 

5. Switchgrass (Panicum virgatum).* Ma- 

ture fruit; common. 

6. Slender wheat-grass (Agropyron tene- 

9. Sedge (Carex diandra) .* 

common. 

10. Rush (Juncus balticus).* Common. 
11. Prairie gentian (Hustoma_ russellia- 

num).* Mature fruit; scarce. 

12. Purple foxglove (Gerardia besseyana) .* 

Mature fruit; sparse. 

13. Ragweed (Ambrosia elatior).* 

ers; common. 

14. Sunflower (Helianthus annuus) .* Flow- 

ers; sparse. 

15. White wreath-aster (Aster multifiorus) .* 

Flowers; sparse. 

Mature fruit; 

Flow- 

SEMISUBMERGED PLANTS. 

rum).* Mature fruit; common. 

7. Three-square (Scirpus americanus) .* 

‘Abundant. 

8. Spike rush (Hleocharis palustris).* 

Common. 

Dominant: 

16. Three-square (Scirpus americanus). 

Secondary species: 

17. Cord-grass (Spartina gracilis). 

18. Tule (Scirpus validus). Rare. 

19. Rush (Juncus balticus). 

SUBMERGED PLANTS. 

Dominant: 

20. Sago pondweed (Potamogeton pectina- 

tus). The only submerged plant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 18 and 20; those of less importance are: Nos. 1, 

2 (17), 4, 5, 7 (16), 8, and 9; the remainder are of no known value. 
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GIMLET LAKE, GARDEN COUNTY. 

September 24, 1915. 

Description.—Lake well filled with vegetation. Small amount of open water: 

average greatest depth 3% feet; bottom mostly mucky. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE 

1, Arrow-grass (Triglochin maritima) .* 

PLANTS. 

11. Sedge (Carex haydeni).*1 Common. 

Mature fruit; common. 12. Sedge (Carer vulpinoidea).* Flowers; 

2. Switchgrass (Panicum virgatum). Com- sparse. 

mon. 13. Rush (Juncus balticus). Abundant. 

3. Barbed witchgrass (Panicum barbi- | 14. Rush (Juncus torreyi).* Abundant. 
pulvinatum). Sparse. 15. Rush (Juncus dudleyi).* Common. 

4. Wild rye (Hlymus canadensis). Com- | 16. Water smartweed (Polygonum am- 

mon. phibium).* Common. 

5. Cord-grass (Spartina gracilis). Com- | 17. Ragweed (Ambrosia elatior). Common. 

mon. 18. Bur marigold (Bidens laevis). Com- 

6. Saltgrass (Distichlis spicata). Sparse. mon. 

7. Bog reedgrass (Calamagrostis inez- | 19. Sunflower (Helianthus annuus). 

pansa). Abundant. Sparse. 

8. Satin grass (MWuhlenbergia foliosa). | 20. White wreath-aster (Aster multifiorus). 

Common. Sparse. 
9. Sedge (Cyperus speciosus). Abundant. == 

10. Sedge (Carex diandra teretiuscula). 

Common. 

SEMISUBMERGED PLANTS. 

Dominant: 27. Reed (Phragmites communis) .* 

21. Tule (Scirpus validus).* Mature fruit. 

Secondary species: 

A number of plants listed under shore 

vegetation grow in shallow water in 

addition to the following: 

22. Cat-tail (Typha latifolia). Common. 

23. Bur reed (Sparganium eurycarpum). 

24. Water plantain (Alisma subcordatum). 

Common. 

25. Wapato (Sagittaria latifolia). 

mon. 

26. Cord-grass (Spartina gracilis). 

Com- 

SUBMERGED PLANTS. 

Dominants: \ 

34. Sago pondweed (Potamogeton pecti- 

natus).* Mature fruit. 

35. Coontail 

Secondary species: 

36. Water moss 

Common. 

(Ceratophyllum demersum).* 

(Drepanocladus  sp.). 

FLOATING PLANTS. 

40. Small duckweed (Lemna minor) .* 

41. Star duckweed (Lemna _ trisulca).* 

Abundant. 

28. Big bulrush (Scirpus occidentalis).* 
Scarce. 

29. Water pepper (Polygonum punctatum). 
Common. 

30. Water smartweed (Polygonum am- 

phibium).* Flowers to mature fruit; 

common. 

81. Curly dock (Rumex crispus). Sparse. 

32. Water hemlock (Cicuta maculata). 

33. Willow aster (Aster _ salicifolius). 

Common. 

387. Bushy pondweed (Najas_ flezilis). 
Sparse, 

38. Water smartweed (Polygonum amphib- 

ium). Common. 

39. Bladderwort (Utricularia vulgaris). 

Sparse. 

42. Water-meal (Wolfia punctata).*  Abun- 

dant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 21, 28, 34, 35, 37, 40, 41, and 42; those of less 

importance are: Nos. 1, 2, 3, 5 (26), 6, 9, 10, 11, 12, 16 (30, 38), 18, 23, 24, 25, 

and 29; the remainder are of no known value. 

1Mr. G. P. Van Hseltine, who identified this specimen, notes that it represents an 

apparently undescribed form, of which he has seen specimens elsewhere, but which until 

named may be’ conyeniently classed with its nearest relative, haydeni. 
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CRESCENT LAKE, GARDEN COUNTY. 

September 26, 1915. 

Description—Grazed to shore line on east and south sides. Mostly open 

water, probably somewhat alkaline; average greatest depth 10 to 11 feet; bot- 

tom sandy. No current except that caused by wind. Inlet from lake at south- 

west end. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. i 

About as for Gimlet Lake; in addition, the following: 

1. Redtop (Agrostis alba) .* 4. Water hoarhound (Lycopus ameri- 

2. Straw sedge (Cyperus strigosus).* Ma- canus).* Mature fruit; common. 

ture fruit; common. 5. Blue verbena (Verbena hastata).* Ma- 

3. Sedge (Cyperus schweinitzii).* Mature ture fruit. 

fruit. 6. Willow aster (Aster salicifolius).* 

4 Flowers. 

SEMISUBMERGED PLANTS. 

Dominant: 10. Water plantain (Alisma subcordatum). 

7. Tule (Scirpus validus). Common. 

Secondary species: 11. Wapato (Sagittaria latifolia). Com- 

8. Cat-tail (Typha latifolia). mon. 

9. Bur reed (NSparganium eurycarpum). 

Common. 

Also, some of the shore plants growing in shallow water, as: 

12. Arrow-grass (Triglochin maritima). 17. Rush (Juncus balticus). 

13. Wild millet (Echinochloa crus-galli). | 18. Rush (Juncus dudleyi). 

Common. 19. Rush (Juncus torreyi). 

14. Reed (Phragmites communis). Common. | 20. Water smartweed (Peclygonum amphi- 

15. Cordgrass (Spartina gracilis). Com- bium). 

mon. 21. Water hemlock (Cicuta maculata). 
16. Bog reedgrass (Calamagrostis inez- Sparse. 

pansa). 

SUBMERGED PLANTS. 

Dominant: Secondary species: 

22. Sago pondweed (Potamogeton pecti- | 23. Curly pondweed (Potamogeton  per- 
natus). foliatus richardsonii) .* Immature 

fruit ; rare. 

24, Water smartweed (Polygonum amphi- 
bium). 

FLOATING PLANTS. 

25. Butterflywort (Riccia natans) .* 

26. Small duckweed (Lemna minor). 

27. Star duckweed (Lemna trisulca). 

28. Water-meal (Woljfia punctata). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 7, 11, 22, 26, and 27; those of less importance are: 

Nos. 2, 3, 9, 10, 12, 18, 15, 20 (24), 23, and 28; the remainder are of no known 

value. 

BEAVER (OR BLUE) LAKE, GARDEN COUNTY. 

September 27—28, 1915. 

Description.—Practically all open water; probably somewhat alkaline; aver- 

age greatest depth 15 to 16 feet; bottom sandy. Inlet from Jones Lake; outlet 

into Crescent Lake; probably some current flowing east. 
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DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

About as for Crescent Lake, in addition the following: 

1. Wild millet (Hehinochloa crus-galli) .* 8. Willow herb (Epilobium lineare).* Ma- 

Mature fruit; common. ture fruit; common. 

2. Rice cut-grass (Homalocenchrus ory- 9. Water hoarhound (Lycopus asper).* 

eoides).* Immature fruit; sparse. Mature fruit ; common. 

3. Spike rush (Hleocharis, probably | 10. Black nightshade (Solanum nigrum) .* 

glaucescens).* Abundant. Mature fruit; rare. 

4, Heart’s-ease (Polygonum pennsylvani- | 11. Bushy goldenrod (Euthamia gramini- 

cum).* Mature fruit. folia).* Flowers; common. 
5. Bushy knotweed (Polygonum ramosissi- . Sunflower (Helianthus annuus).* Flow- 

mum).* Mature fruit; sparse. ers. 

6. Western chokecherry (Padus melano- | 13. Bur marigold (Bidens laevis).* Flow- 

carpa).* Rare. ers. 

7. Touch-me-not (Impatiens biflora).* Ma- 

ture fruit; sparse. 

SEMISUBMERGED PLANTS. 

Dominant: 18. Cord-grass (Spartina gracilis). 
14. Tule (Scirpus validus). 19. Three-square (Scirpus americanus). 

Secondary spectes: 20. Spike rush (Eleocharis, probably 

15. Cat-tail (Typha latifolia). Sparse. glaucescens). Common. 

16. Water plantain (Alisma subcordatum). | 21. Water hemlock (Cicuta maculata). 

Common. Sparse. : = 

17. Reed (Phragmites communis). 

SUBMERGED PLANTS. 

Dominant: Secondary species: 
22. Sago pondweed (Potamogeton pecti- | 28. Spike rush (Eleocharis, probably 

natus). glaucescens). 

FLOATING PLANTS. 

24. Star duckweed (Lemna trisulca). Not | 

common. | 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 14, 22, and 24; those of less importance are: 

Nos. 1, 2, 3, 4, 13, 16, 18, 19, and 20 (28) ; the remainder are of no known value. 

JONES LAKE, GARDEN COUNTY. 

September 27-28, 1915. 

Description.—Bottom sandy; depth, 6 to 8 feet. 

outlet into Blue Lake. 

Inlet from Swan Lake; 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

About as for Crescent Lake; in addition the following: 

il, 

2. 

3. 

4. 

Wild millet (Hchinochloa crus-galli). 

Common. 

Rice cut-grass (Homalocenchrus ory- 

zoides). Sparse. 

Redtop (Agrostis alba). 

Straw sedge (Cyperus strigosus). 

mon. 
Com- 

. Sedge (Oyperus schweinitzii). 

. Spike rush 

glaucescens). 

(Eleocharis, 

Abundant, 

probably 

. Bushy knotweed (Polygonum ramosis- 

simum). Sparse. 

Heart’s-ease (Polygonum 

cum). Common. 

Western chokecherry (Padus melano- 

carpa). Rare. 

pennsylvani- 

10. 

11. 

Touch-me-not (Impatiens biflora). 

Sparse. 

Willow herb (Epilobium lineare). 

Common. 

. Blue verbena (Verbena hastata). 

. Water hoarhound (Lycopus ameri- 

canus). Common, 

. Water hoarhound (Lycopus asper). 

Common. 

. Black nightshade (Solanum nigrum). 

Rare. 

. Bushy goldenrod (Huthamia gramini- 

folia). Common. 

. Sunflower (Helianthus annuus). 

. Bur marigold (Bidens laevis). 

. Willow aster (Aster salicifolius). 
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SEMISUBMERGED PLANTS. 

Dominant: 

20. Tule (Scirpus validus). 

Secondary species: 

21. Cat-tail (Typha latifolia). 

22. Bur reed (Sparganium eurycarpum). 

23. Wapato (Sagittaria latifolia). 

24. Reed (Phragmites communis). 

25. 
26. 
27. 

28. 

29. 

Cord-grass (Spartina gracilis). 
Three-square (Scirpus americanus). 

Spike rush (Eleocharis, probably 

glaucescens). 

Water smartweed (Polygonum amphi- 

bium). 

Water hemlock (Cicuta maculata). 

SUBMERGED PLANTS. 

Dominant: 

30. Sago pondweed 

natus). 

Secondary species: 

31. Spike rush (Hleocharis, 
glaucescens). 

(Potamogeton pecti- 

probably 

32. 

33. 

Water smartweed (Polygonum amphi- 

bium). 

Bladderwort (Utricularia vulgaris). 

FLOATING PLANTS. 

34. Small duckweed (Lemna minor). 

35. Star duckweed (Lemna trisuleca) . 

dant. 

Abun- 

36. Water-meal (Woljfia punctata). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are Nos. 20, 23, 30, 34, and 35; those of less importance are 

Nos. 1, 2, 4, 5, 6 (27, 31), 8, 18, 22, 25, 26, 28 (32), and 36; the remainder are of 

no known value. 

SWAN LAKE, GARDEN COUNTY. 

September 27-28, 1915. 

Description.—Grazed to water’s edge. Water probably alkaline; depth, 8 to 

10 feet; bottom sandy. No inlet; outlet into Jones Lake. 

DESCRIPTION OF VEGETATION. 

SHORE PLANTS. 

About as for Crescent Lake; in addition the following: 

1. Wild millet (Echinochloa crus-galli). 

Common. 
2. Rice cut-grass (Homalocenchrus ory- 

zoides). Sparse. 

3. Spike rush (Hleocharis, probably 

glaucescens). Abundant. 
4. Bushy knotweed (Polygonum ramosis- 

simum). Sparse. 

5. Heart’s-ease (Polygonum pennsylvani- 

cum). Common. 

6. Western chokecherry (Padus melano- 

carpa). Rare. 

7. Wild bean (Strophostyles paucifiora) .* 

Mature fruit. 

8. 

SEMISUBMERGED 

Dominant: 18 

15. Tule (Scirpus validus). 19 

Secondary species: 
20 16. Cat-tail (Typha latifolia). 

17. Bur reed (Sparganium eurycarpum). 

Touch-me-not (Impatiens biflora). 

Sparse. 

Willow herb (Hpilobium lineare). Com- 

mon. 
Water hoarhound (Lycopus asper). 

Common. 

. Black nightshade (Solanum nigrum). 

Rare, 

Bushy goldenrod (Huthamia gramini- 

folia). Common. 

Sunflower (Helianthus annuus). 

. Bur marigold (Bidens laevis). 

PLANTS. 

. Cord-grass (Spartina gracilis). 

. Spike rush  (Hleocharis, 

glaucescens). 

. Water smartweed (Polygonum amphi- 

bium). 

probably 
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SUBMERGED PLANTS. 

Dominant: 23. Spike rush (Eleocharis, probably 

21. Sago pondweed (Potamogeton pectina- glaucescens). 

tus). 

Secondary species: 

22. Curly pondweed (Potamogeton per- 

foliatus richardsonii). Sparse. 

FLOATING PLANTS. 

24. Small pondweed (Lemna minor). 26. Water-meal (Wolffia punctata). 

25. Star duckweed (Lemna trisulca). 

Wild-duck foods.—Plants in the above list which have considerable value 

as food for wild ducks are: Nos. 15, 21, 24, and 25; those of less importance are: 

Nos. 1, 2, 3 (19, 28), 5, 17, 18, 20, 22, and 26; the remainder are of no known 

value. 

RENO LAKE, GARDEN COUNTY. 

September 29, 1915. 

Description.—Marsh on north side. Water 4 to 5 feet deep; bottom mostly 

sandy ; muck bottom in marsh. No inlet or outlet. : 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, sedges, etc., as listed for neighboring lakes; grazed to shore line 

on south side. 

SEMISUBMERGED PLANTS. 

Dominant: 7. Threesquare (Scirpus americanus). 

1. Tule (Scirpus vatidus). Common. 

Secondary species: 8. Big bulrush (Scirpus occidentalis). 

2. Cat-tail (Typha latifolia). Common, Rare. 
3. Bur reed (Sparganium eurycarpum). 9. Spike rush (Wleocharis, probably 
4. Wapato (Sagittaria latifolia). Common. glaucescens). Abundant. 
5. Cord-grass (Spartina gracilis). Com- 10. Water smartweed (Polygonum amphi- 

mon. bium). 

6. Reed (Phragmites communis). Com- 11, Water hemlock (Cicuta maculata). 

mon. 

SUPMERGED PLANTS. 

Dominant: 15. Spike rush (Hleocnaris acicularis). 
12. Sago pondweed (Potamogeton pectina- | 16. Spike rush (Hleocharis, probably 

- tus).* Mature fruit. glaucescens). 
17. Water smartweed (Polygonum amphi- 

Secondary species: Mie. Gann. 

13. Small pondweed (Potamogeton pusil- 
lus). Common. 18. Bladderwort (Utricularia vulgaris). 

14. Widgeon grass (Ruppia occidentalis) .* Common. 

FLOATING PLANT. 

19. Star duckweed (Lemna trisulca).* 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild-ducks are: Nos. 1, 4, 8, 12, 18, 14, and 19; those of less im- 

portance are: Nos. 3, 5, 7, 9 (16), 10 (17), and 15; the remainder are of no 

known value. inns 
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TRAINOR LAKES, GARDEN COUNTY. 

September 30, 1915. 

Description.—North Trainor Lake, small; South Trainor Lake, about half 

open water; the two connect by a small stream. Fresh water; bottom mostly 

sandy ; mucky in part of marsh area; average greatest depth, 3 to 4 feet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 
\ 

Typical meadow of grasses, sedges, rushes, mints, etc., as listed for neighbor- 

ing lakes. 

SEMISUBMERGED PLANTS. 

Dominant: 

1. Tule (Scirpus validus). 

Secondary species: 

2. Horsetail (Hquisetum sp.) 

3. Cat-tail (Typha latifolia). 
4 

Common. 
. Bur reed (Sparganium eurycarpum). 

Sparse. 

5. Water plantain (Alisma subcordatum). 

Common. 

. Wapato (Sagittaria latifolia). Common. 

. Cord-grass (Spartina gracilis). Common. 

. Reed (Phragmites communis). Common. loot ar) 

9. Three-square 

Common. 

10. Spike rush (Eleocharis acicularis). 

11. Spike rush (Hleocharis, probably 
glaucescens). 

12. Sedge (Carez utriculata) .* 

13. Water smartweed (Polygonum amphi- 

bium). 

14. Water hemlock 

Rare. : 

—. Other grasses, etc., of shore, growing 

in shallow water. 

(Scirpus americanus). 

(Cicuta maculata). 

SUBMERGED PLANTS. 

Dominants: 

15. Sago pondweed 

natus). 

16. Bladderwort (Utricularia vulgaris) .* 

With winter buds. 

Secondary species: 

17. Musk grass (Chara sp.).* Common. 

18. Small pondweed (Potamogeton pusil- 

(Potamogeton pecti- 

19. Widgeon grass (Ruppia occidentalis) .* 

Common. 

20. Spike rush (Hleocharis acicularis).* 

Common. 

21. Spike rush (Eleocharis, probably 

glaucescens). 

22. Water smartweed (Polygonum am- 

phibium). Common, 

FLOATING PLANTS. 

lus).* Winter buds; common, 

23. Small duckweed (Lemna minor). 

Common. 

24. Star duckweed (Lemna _ trisulca). 

Common. 

25. Water-meal (Wolfia punctata). Com- 

mon. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 1, 6, 15, 17, 18, 19, 28, and 24; those of less im- 

portance are: Nos. 4, 5, 7, 9, 10 (20), 11 (21), 12, 18 (22), and 25; the remainder 

are of no known value. 

PETERSON LAKE NO. 1, GARDEN COUNTY. 

October 2, 1915. 

Description. Bottom mucky; average greatest depth, 2 feet. No inlet or 

outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

Grasses, etc., as listed for neighboring lakes. 
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SEMISUBMERGED PLANTS. 

Dominant: 6. Cord-grass (Spartina gracilis). 

1. Tule (Scirpus validus). 7. Reed (Phragmites communis). Com- 

Secondary species: HED Ec 
2. Cat-tail (Typha latifolia). 8. Three-square (Scirpus americanus), 

3. Bur reed (Sparganium eurycarpum). 9. Water smartweed (Polygonum | am- 
4. Water plantain (Alisma subcordatum). phibium). Common. 
5. Wapato (Sagittaria latifolia). 10. Water hemlock (Cicuta maculata). 

SUBMERGED PLANTS. 

11. Musk grass (Chara sp.). 16. Water smartweed (Polygonum amphi- 

12. Sago pondweed (Potamogeton pectina- bium). 

tus). 17. White water crowfoot (Batrachium dli- 

13. Small pondweed (Potamogeton pusil- varicatum).* Common. 

lus). 18. Bladderwort (Utricularia vulgaris). 

14. Spike rush (Hleocharis acicularis). 
15. Spike rush (Hleocharis, probably 

glaucescens). 

FLOATING PLANTS. 

19. Star duckweed (Lemna trisulca). Very | 20. Small duckweed (Lemna minor). = 

abundant. 21. Water-meal (Wolffia punctata). 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are Nos. 1, 5, 11, 12, 18, 19, and 20; those of less impor- 

tance are: Nos. 3, 4, 6, 8, 9 (16), 14, 15, 17, and 21; the remainder are of no 

known value. 

PETERSON LAKE NO. 2, GARDEN COUNTY. 

October 2, 1915. 

Description.—Bottom mucky; average depth 4 feet. No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS.. 

Grasses, etc., as listed for neighboring lakes; in addition the following: 

1. Spider flower (Cleome serrulata).* Mature fruit. 

SEMISUBMERGED PLANTS. 

Dominant: Secondary species: 

2. Tule (Scirpus validus). | 3. Three-square (Scirpus americanus). 

SUBMERGED PLANTS. 

Dominant: ! Secondary species: 

4, Widgeon grass (Ruppia occidentalis).* | 5. Sago pondweed (Potamogeton pectina- 

Immature fruit; practically fills lake, tus). 

which was covered with ducks ap- 

parently feeding on this plant. 

Wild-duck foods.—Plants in the above list which have considerable value as 

food for wild ducks are: Nos. 2, 4, and 5; one of less importance is 3; the 
remaining one is of no known value. 
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PHALAROPE LAKE, GARDEN COUNTY. 

October 3, 1915.) 

Description.—Alkaline water; average greatest depth, 3 feet; bottom sandy. 

No inlet or outlet. 

DISTRIBUTION OF VEGETATION. 

SHORE PLANTS. 

About as for Moffitt Lake. 

SEMISUBMERGED PLANT. 

Dominant: 

1. Three-square (Scirpus americanus). The | 

only one. 

SUBMERGDD PLANT. 

2. Sago pondweed (Potamogeton pectinatus). 

The only plant growing submerged. 

Wild-duck foods.—Both plants in the above list have considerable value as 

food for wild ducks. 
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ADULTERATION OF INSECT POWDER. 

Almost from the time that it first appeared as an article of com- 

merce, insect powder has been subjected to adulteration with a great 

variety of substances. Flowers of other plants of the family Com- 

posite naturally suggested themselves for this purpose, particularly 

those of the genus Chrysanthemum, to which the three species of genu- 

ine insect flowers’ belong. Of all the species of Chrysanthemum, C. 

Leucanthemum probably has been one of those most often utilized for 

the sophistication of insect powder, and in the course of the ex- 

amination of commercial insect powders for the Insecticide and Fungi- 

cide Board, its presence has been frequently detected. This plant, 

popularly known as ‘“‘ox-eye daisy,” “field daisy,” “white weed,” and 

1 “Insect powder’ consists of the powdered flower heads of any of the following species of 

Chrysanthemum: (1) Chrysanthemum (Pyrethrum) cinerariefolium (Trev.) Boce.; (2) Chrys- 

anthemum (Pyrethrum) resewum Web and Mohr.; (3) Chrysanthemum Marshallii Aschers 

(synonym, Pyrethrum carneum M. B.) (Insecticide Decision 1, Insecticide and Fungicide Board, 

U. S. Department of Agriculture, August 26, 1911). At the present time all of the insect 

powder obtained in the United States is of the first named species. 
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“marguerite,” occurs aS a common weed in many parts of the United 

States, and is also found abundantly in those regions in Europe 

where the Dalmatian insect flowers (O. cinerariefolium) grow. Its 

cheapness and-ready availability have favored its use a's an adulterant. 

The flowers have been the only part of the plant used for this purpose. 

These flowers, a regular article of commerce with the collectors of 

crude drugs in certain parts of the southern United States, are gath- 

ered by people living in the mountainous districts, who dry them, 

and then deliver them to country storekeepers in exchange for mer- 

chandise. When the storekeeper has accumulated a sufficient stock 

of “medicinal” roots, herbs, barks, flowers, etc., he takes them into 

town where he sells them to a dealer in these commodities. Occasion- 

ally a small lot may be sent directly by parcel post or express to the 

drug dealer by the original collector, but the usual channel is through 

the country storekeepers. The daisy flowers, as received by the drug 

dealers, are remarkably free from other plant material, and the amount 

of adhering stalk is negligible, an occasional corneob or chicken feather 

being practically the only extraneous material found with the flowers. 

A review of the literature shows that this species of Chrysanthemum 

has long been recognized as an adulterant of insect powder. Beringer 

(2), Schrenk (29), and Unger (36) were the first to report the use 

of these flowers for this purpose. Others who include daisy flowers 

in the list of common adulterants of insect powder are Cesar and 

Loretz (4), Huber (17), Verneau (38), Tschirch and Oesterle (35), 

Durrant (11), Hockauf (16), and Hanausek and Winton (15). Siedler 

(31) states that the flowers of C. Lewcanthemwmn have been exported 

from Dalmatia for several years under the name ‘False Insect 

Flowers.” 

USES FOR CHRYSANTHEMUM LEUCANTHEMUM. 

Schoepf (28), La Tourrette (19), Shecut (380), Rafinesque (25), 

Williams (40), Stearns (82), and Dragendorff (9) describe certain me- 

dicinal uses for Chrysanthemum Leucanthemum. According to Cut- 

ler (7) and Shecut (30), the young leaves have been employed in 

salads. Merat and De Lens (21) of France and Porcher (24) of the 

United States state that no use is made of the plant in these countries. 

Stearns (32), however, states that the flowers were used in medicine 

by the natives of Michigan in the early fifties. 

According to the United States Dispensatory (37), German cham- 

omile (Matricaria chamomilla LL.) is sometimes adulterated with the 

flower ‘heads of the common daisy, and Griffith (14) lists it as an 

adulterant or substitute for chamomile (Anthemis nobilis L.). Through 

an investigation of the subject in 1918, the writers learned that ox- 

° 1The numbers refer to the bibliography, page 11. 
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eye daisy flowers are used to a very limited extent in some of the 

New England States in the preparation of a ‘tea’ for “medicinal” 

purposes. It is quite evident, however, that the daisy flowers col- 

lected in this country are used largely, if not exclusively, as an 

adulterant of insect powder. 

INSECTICIDAL ACTJON OF CHRYSANTHEMUM LEUCANTHEMUM. 

Cantraine (5) learned in Ragusa that the Bosnians and Dalmatians 

used the C. Leucanthemum to destroy fleas, but fails to state what 

part of the plant served this purpose. It is quite probable that Can- 

traine mistook the flowers of C. cinerariefolium for those of C. Leu- 

canthemum because of their similarity. Garrigues (12) quotes Can- 

traine and an unnamed writer who states that the flowers, dried, 

pulverized, and used as the Pyrethrum caucasicum, have the power of 

destroying insects. An anonymous writer in the Gardeners’ Chronicle 

(1) states that the Spaniards burn the centers of these flowers in 

order to keep gnats away. 

Kalbruner (18), Beringer (2), Caesar and Loretz (3), Huber (17), 

and Riley (27) found powdered daisy flowers to be inactive as an 

insecticide. Scott and Abbott, of the Bureau of Entomology, U. 8. 

Department of Agriculture, have recently tested powdered daisy flow- 

ers against roaches, bedbugs, house flies, cabbage aphis, chrysanthe- 

mum aphis, nasturtium aphis, orthezia, and red spider, finding it to 

be inactive in every case. 

The use of daisy flowers in insect powder is for no other purpose 

than to cheapen it. Since this form of adulteration is being carried 

on to a marked extent at the present time, it was deemed necessary 

to make a special study of this subject, with the view of establishing 

methods for its detection and quantitative estimation. Samples of 

the flowers of C. Leucanthemum were collected for this purpose from 

various sources, mainly from the collectors of “medicinal” herbs in 

the mountainous regions of Virginia and North Carolina. 

CHEMISTRY OF CHRYSANTHEMUM LEUCANTHEMUM. 

More or less complete analyses of C. Leucanthemum have been made 

by Goessmann (13), Millspaugh (22), Stone (33), Penny (23), Ber- 

inger (2), Thoms (34), and Dietze (8). The results obtained by them 

are given in Table 1. 
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TasLe 1.—Analyses of Chrysanthemum Leucanthemum L. 

Z 4 n | | > 1 4 es Se iin ne 

iS) z o | re) = 6= LES g r=) ~ 5 » v Lom | om = o 
Analyst | 93S Part of Ss | 3 [Ash O38 ay le eg| ae wg | Salous 

ney: | © lant 2 5 SH \GS 6) Sag) Me | oO | SH ISoR | ne p 5 pp a) os |2 60} 8-5 ra pp op |B acs 

Nenors s | & ag 2 \SoS/ 58 g=| 8% | 2k loBx 
| a” eal cy Oo |a HSS sO gO iy 

| Per | Per | Per Per | Per | Per | Per | Per | Per | Per | Per 
| cent | cent | cent cent cent | cent | cent cent | cent | cent | cent 

eae 
Goessmann ..| Mass..{/Whole plant.| 9.65) 1.36 7.80 2.57 39. Bloc gccs TS CISeS ed Se ei tecare ees Iiciesois) teach 
Millspaugh...| d 
Stone........ ING Telsclsssoce CWscec0c 77.50| 1.36 8.40 2.53) 28.89) ..... Sa oa Dero ace| Seaeroal anes Wogan 
Rennysa ns oe Delsey see downers OESO else Olio O84 99) OS i Glico eeinces ero sleet cell cata cealeecce | espe 
Beringer.....| (?)....|Flowers only |......|.....- AQ SONI OS lees ecleiac etal teorserete erect tae 13.43) 9.45) 3.37 
Thoms....... (sree lla penere CO oocds ID IN, ooo a6 i uSotBoodcodinsodies|oocavblyosese IEE coo bolleesoxallo ean 
IDieizeeeenee (Oia bsllaaseas C@ocadoo TiGUllsososs | EERO! S818 |e oconc| zoned anescH |bonse-}.50905|[2o5cr °2.46 

43.17 B2n25 

1In those cases in which moisture is reported, the results for the other constituents are calculated 
on a moisture-free basis. 

*Protein divided by 6.25. 
°Ether of specific gravity 0.735 used. 
*Ether of specific gravity 0.720 used. 
*Petroleum ether used. 
®“Purest’’ petroleum ether used. 

In Table 2 are presented the results of analyses of the samples _ 

collected by the authors and obtained from drug collectors in Vir- 

ginia and North Carolina during the summer of 1917. The analyses 

were made according to the methods of the Association ss Official 

Agricultural Chemists (Jour. A. O. A. C., vol. 2, no. 1, pt. 2, May 15, 

UDIG)). 

TaBLe 2.—.Analyses of o.v-eye daisy flowers (Carysanthemum Leucanthemum L.).1 

> | ele eelan eel oeeea arash 
° o-| ¢ a |) 62 ri ao 3 
Be) H | Oo an| & 3 ale aiSe | 
g Place collected Date Bp | 2 | £9) o | Se 5 a6 a & 
8s collected 2 & el z 2 (gs Bes 2EO Ae 
8 = | etetlh Fe o |S Blood “| Ss} ae | Palace iS) | 4 ee lan Oa, Ps Sc 

| Per | Per | Per | Per| Per | Per | Per| Per | Per| Per 
Cais cent! cent \cent | cent | cent | cent cent | cent cent 

| 

28242 Southwestern Virginia July, 1917 | 6.03) 1.81) 9.60) 0.66) 23.17, 13.29 5.16 3.66) 0.85) 0.0087 
WME on eagcgoooss d do.....| | 1.80} 9.20) 42) 21.70...... Hoi) Baer scoocs .0098 
28244 | 1.87) 9.68) .48) 23.49...... 4.59, 3.80) nae .0093 
28245) |} 1.91) 10.12) 1.20) 22.03) 11.97| 4.87, 3.46 85 .0104 
28246 1.80} 9.10) .306) 22.38'...... BCU) B08) oo so 6 .0096 
28247 | 1.86) 9.06) .38) 23.37)...... AOR} Boll coacd -0082 
28248 | 1.95) 9.60) .90) 22.56)...... AGO] BSA ssccas |} .O111 
28249 | 1.93] 9.90) .60) 22.40)...... si) Bas coscs | 0101 
28250 1.94) 9.44) .78) 22.69) 12.41) 4.91} 3.09 86 -0090 
28251 1.84; 9.86) .88) 24.09]...... Bi) Bites ceasc| .0083 
28252 1.90) 9.46) .84) 22.98)...... 4.96) 3.66)...-.. |  .0096 
28253 3] 1.83) 9.54) .44) 22.47)...... AAO) Blo ocoos | .0086 
28256 Western NorthCarolina June, 1917 | | 1.93] 9.36] .58) 22.63) 12.95) 4.02, 3.18} .69| .01138 
28257) ee | 1.79) 12.49) 2.84) 22.45) 11.63) 4.83) 3.34 -@1 .0079 
28258 | 1.82} 11.70) 2.52) 24.23) 12.10) 5.52) 3.54 .88}  .0072 
28396 Buncombe Che oy ed Ol Gee dower 8.25) 2.07) 10.74| 1.85) 22.75| 11.83] 5.11) 3.51 .93) .0110 
QBS OT Praanicc iret. 0 ORR iether ClOsoace | 8.09) 1.66} 9.90] 1.26] 21.04) 11.99) 5.33) 3.50). 98) .0083 
28398|/Yancey Co., N.C....... July, 1917 | 7.62) 1.77] 12.68) 3.04| 22.63) 11.80; 5.84) 3.80} .81/ .0102 
DRSOON Ne ocicieess down Fee Mins do.....| 7.92) 1.62) 9.38] 46) 21.93) 12.67] 6.27) 4.46 .88) .0088 
TZEBRIINOE LINO Ao coo cdoccunddlopsosaunsdocllocans 1.82) 10.02) .92) 20.14) 14.34] 3.18) ..... SES\s0095 oc0- 
23020|Markham, Va............| July, 1915 |..... Z| LOBES | etek 5 | cts cence | ergodic | mason cal eiatemee call eiererona leseeierctetettc 

| aes | | | | | 
Minimum. ...... | Bereroeve esters 4.30) 1.62) 9.06} .15) 20.14) 11.63) 3.18) 3.09 68 0072 

| Maximum........ eto eee 8.25] 2.23] 12.68 3.04| 24.23) 14.34] 6.27) 4.46} .98| 0113 
Average. .....0-. Jooctceeeeeee | pe 1.86) 10.06 el 22.56) 12.45| 5.03) 3.58) .84| 0093 

I | 

‘J. J. T. Graham, Assistant Chemist, Insecticide and Fungicide Laboratory, assisted in making the 
analyses reported in this table. 
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Table 3 gives a comparison of analyses of the different commercial 

grades of insect flowers (‘‘open” and “closed”’) and insect flower stems 

with those of the flowers of C. Leucanthemum. The averages of all 

determinations are compared for each constituent. 

The results in Table 3 show that the greatest differences in the 

chemical composition are in the phosphorus, ash, and pentosans, 

which are higher in the flowers of C. Leucanthemum than in those of 

C. cinerariefolium. It is evident, however, that a chemical analysis 

alone is insufficient to show adulteration of insect powder with pow- 

dered daisy flowers. Such adulteration can be definitely determined 

only by microscopic examination. 

MORPHOLOGY OF CHRYSANTHEMUM LEUCANTHEMUM. 

The daisy plant is a typical Composite. It is a perennial with 

nearly smooth stem, growing to a height of from 1 to 38 feet, and 

sparingly branched. The leaves are coarsely cut, the uppermost leaves 

being smaller than the lower ones and nearlyentire. The flower heads 

consist of white ray flowers and yellow disc flowers. The involucral 

bracts are lanceolate, nearly smooth, with a narrow, chestnut-brown 

margin. The fruit, when mature, consists of very small achenes, 

with a black background and conspicuous white ribs running length- 

wise of the fruit. There is usually a small tubercle or knob-like pro- 

jection on the broad end, apparently the remains of the flowers. (PI. I, 

fig. 2.) 

Beringer (2) and Vogtherr (39) go quite into detail in a morpho- 

logical description of field daisy flowers. 

Field daisy flowers occurring in insect flowers are much more easily 

detected than when in powdered form. The most positive character 

that can be relied upon for their detection is the fruit. Even in 

an immature condition the fruit of the daisy does not resemble that 

of Chrysanthemum cinerariefolium. The following compilation is 

given to serve as an aid in distinguishing between the fruits of C. 

cinerariefolium and those of C. Leucanthemum (PI. I, figs. 1 and 2). 

Dalmatian flowers—Achenes 5-ribbed; possess small-toothed crown ; 

golden yellow in color; ray floret achenes more curved or arched than 

the dise floret achenes (Pl. I, fig. 1). 

Daisy flowers.—Achenes usually 10-ribbed; ribs very prominent, 

white, alternating with black stripes; tubercle or knob-like projections 

on broad end of achene; achene much smaller than that of the Dalma- 

tian flower (PI. I, fig. 2). 

HISTOLOGY. 

Schrenk (29) claims to have found a positively characteristic strue- 

ture of daisy powder in the small, several-celled hairs which he de 

tected in considerable numbers on the apparently glabrous scales 
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Tic. 1.—Achenes, Dalmatian flowers (><a Fic. 2.—Achenes, daisy flowers (3283) 5 

Fic. 3.—Achene tissue, Dalmatian flowers 

(X1380). Fic. 4.—Achene tissue, daisy flowers (>< 240). 
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Fic. 1.—Crystals from achenes, Dalmatian Fic. 2.—Achene tissue, daisy flowers (180). 

flowers (magnified). 

Fig. 4.—Hairs, daisy flowers (X2350). 
Fig. 3.—Stalked hair, Dalmatian flowers 

(maenified) . 



ADULTERATION OF INSECT POWDER. 9 

(Pl. Il, fig. 4). Durrant (10) found difficulty in detecting daisy in 

genuine insect powder, and Beringer (2) could detect no difference 

microscopically between the two powders. 

However easily the hairs Schrenk has referred to may be detected 

on the unground involucral scales, their presence is very difficult to 

establish when the scales are powdered. Apparently the hairs are 

very fragile and become readily broken up in the process of grinding. 

The achenes of Chrysanthemum cinerariefolium and Chrysanthe- 

mum Leucanthemumn ave strikingly different in the powdered form. The 

achene tissues of the Dalmatian flowers (C. cinerariefolium) ave chav- 

acterized by the numerous crystals, which exhibit a variety of colors 

under polarized light. On the other hand, the achene tissues of the 

daisy flowers (C. Leucanthemum) exhibit no such crystals, but con- 

tain a notable amount of a brownish-red material, the location of 

which is readily demonstrated in a cross-section of the fruit. In 

a cross-section of the achene, crescent-shaped structures, correspond- 

ing to each of the ten ribs, stand out very distinctly (fig. 1). 

When the daisy flower heads are powdered, this brownish-red ma 

terial contained in the crescent-shaped structures breaks up into ir- 

regular, angular fragments, sometimes attached to the surrounding 

tissues, and sometimes separated from them. These fragments assume 

a deep, brownish-red color when the powder is heated in a solution 

of chloral hydrate in water about 1:1. 

Aside from this dark brown material, a portion of the tissue from 

the white ribs of the daisy achene is another diagnostic character. 

The outer portion of the 

rib consists, In radial sec- 

tion, of what are apparent- 

lv epidermal cells. They 

appear to have a palisade- 

like arrangement, consist- 

ing of narrow, thick-walled 

cells packed very closely 

romaine (Ie JUL, ine 2). 

rhis tissue, which invaria- 

bly occurs in the daisy 

powder in the form of ra- 

dial sections, serves as an- 

other means for detecting 

ifs presence in genuine in- 

sect powder. 

IXxperience gained in 

the comparative study of 
Fic. 1.—Cross-section of daisy achene (illustrating crescent- a large number of samples 

shaped structures). ‘2 

ground from insect flow- 
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ers and from daisy flowers has emphasized the need for caution in 

placing reliance upon any histological characters in the daisy flow- 

ers other than those of the achene. Other characters, with the ex- 

ception of the T-shaped hairs of the Dalmatian flowers (Pl. II, fig. 

5) and the crystal-bearing stone cells of the achene, are too nearly 

like similar characters in insect flowers. While these hairs and crystal- 

bearing stone cells of the achene would furnish a means of iden- 

tifying Dalmatian flowers in a mixture with other materials, they very 

apparently offer no means of discovering the presence of the daisy 

flowers when mixed with Dalmatian flowers. Thus the presence of 

this brownish-red material (Pl. I, fig. 4) and the palisade-like epi- 

dermal cells (Pl. II, fig. 2) furnishes a reliable means of detecting 

even small quantities of daisy flowers in a mixture. 

No attempt has been made to describe the other parts of the daisy 

flower in detail, the scope of this paper being limited to those differ- 

entiating tissue elements which might be readily detected in an 

insect powder adulterated with powdered daisy flowers. A brief de- 

scription of the diagnostic tissues of the achenes of the Dalmatian 

flower (CO. cinerariafolium) and of the daisy flower (C. Leucanthe- 

mum) follows: 

Dalmatian flower achene—Characterized in the powder by ree- 

tangular patches of hard sclerenchyma tissues, strongly lgnified and 

possessing numerous clinorhombic crystals which exhibit a great 

variety of colors under polarized light. In older flowers (open flowers) 

isolated stone cells are very common (PI. I, fig. 3; Pl. I, fig. 1). 

Daisy flower achene.—Characterized in the powder by irregular 

dark-red fragments of variable size exhibiting a very deep-red color 

when the powder, after heating in chloral hydrate solution (about 

1:1), is examined under the microscope; also by closely-packed pal- 

isade-like tissue with thick walls and narrow lumina, usually present 

in radial section in the powder (PI. I, fig. 4; Pl. Il, fig. 2). 

SUMMARY. 

While there are certain differences in the chemical composition of 

Chrysanthemum cinerariafolium and Chrysanthemum Leucanthemum, 

a chemical analysis is insufficient to show adulteration of insect pow- 

der with daisy flowers. 

Adulteration of insect powder with powdered daisy flowers can be 

definitely determined by microscopic examination. Powdered daisy 

flowers are distinguished by (a) the irregular dark-red fragments of 

the achene, and (b) the palisade-like cells comprising the costal tissue 

of the achene. 
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INTRODUCTION. 

The study of poisonous gases and their use as a possible means of 
control of the peach-tree borer, Sanninoidea ewitiosa Say, of which 
the present paper is a brief report, was begun in 1915, under the direc- 
tion of Dr. A. L. Quaintance, in charge of deciduous fruit insect 
investigations, of the Bureau of Entomology. In this investigation 
the attempt has been made to develop a method of control by the 
use of local applications of volatile toxic compounds in the soil at 
the base of the trees. On account of the intimate association of the 
insect and its host, any gas fully efficient as a larvicide must neces- 
sarily have more or less effect upon the tree. In this respect, how- 
ever, the problem presents nothing unusual, as the application of 
insecticides generally and the fumigation of living plants especially 
is restricted to a greater or less extent by the same limitation. In 
the case of the peach-tree borer the insect and its host are by no 
means susceptible to fumigation in the same degree. Also, for vari- 

- ous reasons, a much wider margin of safety to the tree is afforded 
by some gases than by others. 

Tt has been necessary, in regard to fumigation, to take into con- 
sideration the manner in which it is affected by soil and atmospheric 
temperatures, soil type, soil moisture, rainfall, seasonal development 
of the insect and its host, and their relation to the chemical prop- 
erties of the materials tested, such as the volatility and solubility 
of the gas, etc. In 1916 daily determinations of soil moisture and 
records of soil and atmospheric temperatures and rainfall were ob- 
tained in connection with each experiment, but on account of the 

125552°—19-_1 
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infinite variation of such factors under field conditions it has been 
found impossible to correlate these data with the results of the 
experiments except in a very general way. For the most part, 
therefore, conclusions have been based on the results of fairly ex- 
tensive field tests with only a general analysis of the conditions in- 
volved. 
A number of substances have been tested and many data accumu- 

lated which it is impossible to include in the present paper. In so far 
as promise of providing a safe and effective contro] measure for the 
insect is concerned, all of the gases tested have given negative results 
except one, p-dichlorobenzene. The results obtained from the use of 
this material are so promising that it has seemed best to report upon 
the present experimental status of the work for the information of 
others interested in the problem. Also it is hoped that as far 
as possible useless duplication of work with some of the other less 
promising gases may be prevented. 

EXPERIMENTAL PROCEDURE. 

As already stated, the essential idea of the experiments involves 
application of volatile toxic compounds to the soil at the base of the 
trees. In one experiment small tents were used to confine the gas, but 
this method, on account of the mechanical difficulties involved, was 
never used to any great extent. The soil under all ordinary condi- 
tions proved a fairly satisfactory container for the gas. Whether the 
material was applied in water solution or in its original form de- 
pended upon its chemical properties. Whenever possible both 
methods of application were adopted. When applied either in solu- 
tion or suspended in water, a trench was dug about the collar of the 
tree as for “ worming ” and the required dose, in from 1 to 2 gallons 

of water, puddled about the trunk, after which the soil was replaced 
and compacted. When applied in its original state the material, if 
a liquid, was poured into the soil about the collar, and if a solid, was 
buried in the surface soil about the trunk. 
Two methods of ascertaining results were followed. In the first the 

treated trees were examined within a short time after application, 
usually within a few days, the results being judged by the mortality 
of the larve. The interval from application to examination was 
usually varied sufficiently to determine the toxicity of the fumigation. 
In the second method the treatments were made either in late fall or 
early spring and examination made several weeks or several months 
later, before the infestation of the next season. By this time dead 
larve usually had largely decomposed, and it was necessary to 
judge the effectiveness of the fumigation by a comparison of the 
number of active larvee escaping on the treated trees with the num- 
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ber active on untreated trees in adjoining rows. In all cases the effect 
of the fumigation on the tissues of the tree was carefully noted, 
the margin of safety being considered as fully as the larvicidal 
action of the gas. Injury to the trees has been classified under 
the following terms: Trace, slight, moderate, severe, and maxi- 
mum. Maximum injury applies to cases where the tree has been 
girdled completely by the fumigation, and no doubt remains of 
its immediate death. Severe injury indicates that the tree has been 
girdled partially, sufficient to destroy permanently its productive 
value, but not to cause its immediate death. The other terms, moder- 
ate, slight, and trace, represent a gradually diminishing degree of 
injury, the last term indicating that the effect of the gas was only 
sufficient for identification. The first two terms, trace and slight, 
represent injury which is of little or no importance as far as the 
effect upon the tree is concerned. 

EXPERIMENTAL RESULTS. 

MISCELLANEOUS GASES. 

The principal materials that have been tested are carbon disul- 
phid, carbon tetrachlorid, hydrocyanic-acid gas, naphthalene, and 
para-dichlorobenzene. In the discussion of the relative merits of 
these materials the results are given in detail only for the last, p-di- 
chlorobenzene. 

CARBON DISULPHID. 

In 1902 Woodworth recommended the use of carbon disulphid 
against the western species of peach borer. Under the proper con- 
dition of soil moisture and temperature it is a most efficient larvicide. 
In practice, however, it was found: impossible to standardize its use 
to an extent which would make it both safe and effective. The main 
difficulty with this material arises from its great volatility at or- 
dinary temperatures, which makes it very sensitive to variations in 
soil porosity. In very dry or porous soils, large doses of several 
ounces may be applied with no effect upon the larve. On the other 
hand, in very moist, tight soils, large vigorous 12-year old trees 
have been entirely girdled by an application of as small a dose as 
one-fourth of an ounce. Its application in water emulsion was 
found to standardize soil conditions greatly, and successful treat- 
ments by this method with greatly-reduced doses have been made on 
hundreds of trees without injury. A very slight misjudgment in 
dosage for a given set of conditions, however, gave results of an 

opposite character, and after two and one-half years’ experience with 
this gas its use has been entirely abandoned. 

1 WooDworTH, C. W. THE CALIFORNIA PEACH-TREE BORER. Cal. Agr. Exp. Sta. Bul. 

143. 1902. ; 
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CARBON TETRACHLORID. 

Carbon tetrachlorid does not differ essentially from carbon di- 
sulphid, in so far as its effect upon the tree or its larvicidal action 
is concerned. ‘To achieve the same result it seemed to require about 
double the dosage of the disulphid. Its chief merit as a fumigant 
seems to lie in the fact that the vapor is not inflammable. 

NAPHTHALENE. 

Naphthalene was tested quite fully in 1916 and 1917. For the 
greater part of the year it vaporized just fast enough to give the 
soil about the base of the tree a pronounced odor, but apparently 
produced no effect upon the insect or the tree. With a soil tempera- 
ture of 70° F. and over, attained in July and August, there is a very 
decided larvicidal action, but not sufficient to make this material of 
value. 

HYDROCYANIC-ACID GAS. 

Hydrocyanic-acid gas, while a very effective larvicide, proved too 
dangerous. The great solubility of this gas effectually prevents the 
standardization of its use. Variation in moisture content and in the 
type of soil so greatly affect the absorption of this gas by the latter 
that it has been found impossible to establish any standard dosage 
that is both effective and safe for any number of conditions. Moist 
soils required much larger doses than dry soils or soils of low water- 
holding content. This point has been fully covered by Ong? in a 
recent, publication. The great solubility of the gas, furthermore, 
leads to its rapid absorption by the portions of the tree with which 
it comes in contact, which probably explains in part the considerable 
injury resulting from its use. 

PARA-DICHLOROBENZENE. 

INSECTICIDAL, PHYSICAL, AND CHEMICAL PROPERTIES. 

Of the various volatile compounds tested, the merits of some of 
which have been briefly discussed, para-dichlorobenzene has been by 
far the most promising. While well known chemically, its value as 
an insecticide is of comparatively recent discovery. 

Of the various volatile compounds tested, the merits of some of 
which have been briefly discussed, para-dichlorobenzene has been by 
far the most promising. While well known chemically, its value as 
an insecticide is of comparatively recent discovery. Duckett,’ in 
1915, published a report on the insecticidal value of its vapor as a 
fumigant against various insects. Later in the same year Cook, 

1 One, E. R. DE. HybDROCYANIC-ACID GAS AS A SOIL FUMIGANT. Jn Jour. Agr. Research, 

vy. 11, no. 9, p. 421-486. 1917. 
2 Duckett, A. B. PARA-DICHLOROBENZENE AS AN INSECT FUMIGANT. U.S. Dept. Agr. 

Bul. 167. 1915. 
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METHOD OF APPLYING PARA-DICHLOROBENZENE FOR CONTROL OF THE PEACH- 
TREE BORER. 

Above: Tree with soil crust broken about the collar and one ounce of para-dichlorobenzene applied. 
Below: Same tree with soil placed over the material and compacted. 
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Hutchison, and Scales? reported rather indifferent results from its 
use against fly larve in horse manure. Moore? used it in 1916 in the 
fumigation of animals to destroy their external parasites and found 
it less effective for that purpose than nitrobenzene. Its chemical 
formule and physical properties are discussed fully in Duckett’s 
report. It is a crystalline solid at ordinary temperatures, insoluble 
in water, melting at 53° C., and boiling at 172° C. Like naphthalene 
it vaporizes much below its boiling point, although only very slowly 
at ordinary temperatures. Its vapor pressure and rate of volatiliza- 
tion are discussed on page 21. Apparently, however, when vaporiza- 
tion takes place in a closed container of a capacity appropriate to the 
dose, or under conditions approximate to that, the evolution of gas 
even at ordinary temperatures is sufficiently rapid to produce eventu- 
ally an atmosphere of toxic saturation. 

METHOD OF APPLICATION. 

The method of application for the use of p-dichlorobenzene 
against the peach borer is illustrated in Plate I. . The mechanical 
condition of the material, on account of its relation to the rate of 
evaporation, is of considerable importance. The action of the gas 
is quite local and an even distribution about the tree is highly de- 
sirable. It was found that p-dichlorobenzene was most convenient 

and satisfactory for use when pulverized to about the fineness of 
coarse salt or granulated sugar. The form in whichit usually appears 
on the market may be reduced to this condition by crushing and 
‘sifting through a 12-mesh screen. Im this condition it does not 
lump badly, can be evenly distributed, and vaporizes at about the 
proper rate. 

In making application the soil crust is first broken to a depth of 
1 or 2 inches with a hoe, or some other suitable tool. The vapor of 

p-dichlorobenzene is about five times heavier than air and it is not 
desirable to apply it deeper than is necessary to’avoid washing and 

surface loss of gas. The soil is not scraped away from the collar of 
the tree unless there is a decided mound. The material is placed 
as nearly as possible at the level of the uppermost galleries. The 
soil, moreover, should not be disturbed except to break up the surface 
crust. The gas will permeate very tight soils readily, and any un- 

necessary digging up of the soil about the collar only makes more air 
space to be saturated, and increases the chance of ineffective fumiga- 
tion. After the preparation of the soil surface the p-dichloroben- 
zene 1s sprinkled as evenly as possible about the collar of the tree 
in a band 1 or 2 inches wide. In practice the material may be con- 

+Cook, F. €., HurcHison, R. H., and ScaLes, F. M. FURTHER EXPERIMENTS IN THE 
DESTRUCTION OF PLY LARV® IN HORSE MANURE. U.S. Dept. Agr. Bul. 245. 1915. 

?Moorrk, WM. FUMIGATION OF ANIMALS TO DESTROY THEIR EXTERNAL PARASITES. In 
Jour. Econ. Ent., v. 9, no. 1, p. 71-78. 1916. : 
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veniently carried in an open pail and the dose measured in a gradu- 

ate holding just the desired amount. A little preliminary practice 
with the graduate and scales enables one to gauge the dosage very cor- 
rectly. It is probably best to keep the material from actual contact 
with the bark by perhaps half an inch, although the practical im- 
portance of this precaution is not known. Finally, the material is 
covered to a depth of 2 inches with two or three shovelfuls of soil, 

and this sight mound compacted by a few sharp blows with the 
back of the shovel. The soil is the container for the gas, and the 
success of the fumigation depends upon the vapor being given off 
faster than it is lost. At best there is considerable surface loss of 
gas, and the final compacting of the soil is of considerable impor- 
tance. No lumps or stones are left against the trunk above the 
surface to furnish a harbor behind which newly-hatched larve 
may begin feeding out of reach of the vapor. No effect, of course, 

can be produced upon larve feeding in galleries above ground. 

LARVICIDAL ACTION. 

To determine the actual larvicidal value of the vapor of p-dichlo- 

robenzene, a series of applications were made to trees in the 
field at Springfield, W. Va., in 1916. The approximate limits of 
effective dosage had been fairly well established by preliminary 
experiments. Each dose was applied to 20 trees and these examined 
in lots of 5 at approximately weekly intervals. 

Table I gives the summarized results of several such tests. It is 
impossible to include all of the experiments made in this connection, 
but the data given bring out the essential facts in regard to dosage 
efficiency. The soil on which these experiments were made is classi- 
fied as Frankstown silt loam.’ 

1 Determination of soil type furnished by the Soil Survey of the Bureau of Soils, United 

States Department of Agriculture. 
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It was found necessary in this work to differentiate between what 
were apparently normally active larve and those which, although 
slightly active, were visibly affected by the gas. The larve there- 
fore were classified into dead, stupefied, and active. Whether 
stupefied larvee eventually recover or die seemed to be largely a ques- 
tion of the duration and toxicity of the fumigation, and the degree to 
which the larve were affected. Stupefied larvee when placed in the 
open air sometimes recovered and sometimes died, but the determina- 
tion of the exact condition under which either took place was impos- 
sible. It was determined, however, that larve apparently much af- 
fected may be revived. On the other hand, when the dosage was 
sufficient to provide for a continuation of the fumigation much 
beyond the time at which the examination was made it may be as- 
sumed with safety that the stupefied larve eventually would have 
been killed. 

In Table I it will be seen that a 1-ounce dose, applied July 19, 
showed 9 days after application a small number of larve stupe- 
fied. By the time of the next examination, however, 14 days after > 

application and in the two succeeding examinations, the larvee were 
all dead. 

Very little can be added to these data by an extended discussion. 
The principal facts in regard to dosage are brought out in Table I. 
In the study of the table, however, it should be emphasized that the 
relative numbers of dead and living larve in the last two examina- 
tions for each dose are somewhat misleading, due to the early de- 
composition of many of the dead, especially the smaller ones. The 
1-ounce and one-half-ounce doses were more quickly and fully ef- 
fective in the July applications than in the August applications. 
The one-fourth-ounce dose applied August 17 was partially effective 
but its action was not sustained, and by the time of the last examina- 
tion, 39 days after application, the dose had been dissipated so com- 
pletely that young larve which were hatching at the time were able 
to enter the trees. The one-half-ounce and the 1-ounce doses both 
gave very complete immunity from this current infestation of newly 
hatched larve. The importance of this point will be emphasized later 
in connection with the time of application and the final control ob- 
tained from the use of this gas. 

It was observed that the larve of the fungus-gnat, Mycetobia 
sp., which feed in the gum, apparently succumb to the action of the 
gas In about the same proportion as do the larve of exitiosa. 
From the results of the experiments with p-dichlorobenzene given 

in Table I it will be seen that at the soil temperatures prevailing 
in late July and August a dose of 1 ounce per tree has a very effective 
larvicidal action. The vapor apparently acts rather slowly, how- 
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ever, and no definite statement can be made as to the exact time 
required for the gas to kill all the larve. This, of course, depends 
upon the concentration of the soil vapor and the condition of the 
insect. These points are discussed more fully in a later paragraph. 
Occasionally larvee subjected to the fumigation apparently live for 
weeks in a comatose condition, their bodies shrinking to one-half 
or one-third normal size before death. There is no means of know- 
ing whether this is due to an unequal distribution of the gas or to 
the greater vitality of the individual so affected. As a rule, after 
the application of an effective dose in late summer and early fall 
most of the larve are killed within a period of about two weeks. 

USE AS A CONTROL MEASURE. 

TIME OF APPLICATION. 

The extent to which an application of p-dichlorobenzene may act 
as a control measure for the peach-tree borer depends greatly on the 
season of the year in which it is made. In the central latitudes, 
where most of the experimental work was done, the hatching period 
of the insect extends more or less over at least three months—July, 
August, and September. In exceptional seasons, and perhaps to 
some extent every season, it may be extended from one to two weeks 
in either direction from these limits. 

It has been found that a single application of an effective dose 
made in the early fall gives a very fair degree of control. Ap- 
parently the ideal time would be from two to three weeks before the 
end of the hatching period. Applied at that time it kills all the 
larvee except a few of the more perfectly protected that have already 
entered the tree, and provides an immunity from the attacks of 
those which hatch later and appear during the progress of the 
fumigation. Also the soil temperatures at this time are sufficient 
to vaporize most of the material before winter, a point discussed 
in a later paragraph in connection with injury. The seasonal 
fluctuations in the period of egg deposition prevent the determina- 
tion of the time of application to any very great degree of exactness. 
The period for effective application, however, apparently has no 
arbitrary time limits. Table II gives the summarized results of 
about 15 experiments carried on in West Virginia, Virginia, and 
Maryland in 1916, 1917, and 1918. 

125552°—19—_2 
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TABLE II.—Relative effectiveness of a single fall application of stated doses of 
p-dichlorobenzene. 1916-1918. 

Application per tree. 
: : Check un- 

Observation. rented 

+ ounce. | 4 ounce.| 7 ounce. | 1 ounce. 

Totalmiumber/ Of trees ie yee ogee aes ee 10 88 272 298 224 
Number of trees not infested............-.-.--------- 4 61 226 256 22, 
Number of treesinfested_...--..---2---|.-2!--4------- 6 27 46 42 202 
fotalnumbenomanvicoe eee eee eee oe ae 25 90 98 85 1, 669 
Maximum number of larvee on one trec--..-.---.---- il 9 6 6 44 
Average number of larve per tree for trees infested . - 4.1 3.3 2.1 2 8.2 
Average number of larve per tree for total number 

OH HUBS oo scaccdsecassassszossocssasgc00sesoa00C00s= 2.5 1 36 - 28 7.4 
Approximate percentage of control....-.-...-..-.--- 70 88 95 96 0 

The time of application varied from the last of August to the last 
of September, yet in no case was there a very decided departure from 
the general average of control given in the table. In some cases when 
application was made about the 25th of August the fumigation was 
apparently over a little too soon, indicated by a slight infestation of 
newly hatched larve. On the other hand, applications made the last 
of September, while entirely effective, had the disadvantage of in- 
complete evaporation. The ideal time apparently was in early Sep- 
tember, approximately the 10th. 

In 1917 about 80 trees were treated at Springfield with a 1-ounce 
dose each. One plat received one application on July 7; one plat 
two applications, the first on July 7 and the second on August 24; and 
one plat one application on August 25. The plat receiving one appli- 
cation July 7 gave a control of 45 per cent when examined on October 
11. The plat receiving two applications gave a control of 96 per cent, 
and the plat receiving one application on August 25, 90 per cent. 
Table III gives the results of this treatment. 

TABLE III.—Relative effectiveness of one and two applications per season. of a 

1-ounce dose of p-dichlorobenzene per tree, Springfield, W. Va., 1917. 

Number of active 
Applications. Number of trees— ieaeae 

Dates of é Eee F 
REO S| a a! or 
nation. control Nr 7 Ex- Average 

Number. Date. Treated. aitengél, Total. per tree. 

Nereis eR ny ave ate A a Roy July 7 | Oct. 11 29 20 66 3.3 45 
= o- GOs pire CREO SC Oe i goet does 38 5 25 96 

I Seer aes aN ee Gr eRe aes Aug. 25 | Oct. 16 13 13 8 -6 90 
CEC ee aie rape = ener nee aeice cle ee nee eee eee Leectiwese 28 169 6 0 

The difference in control between the plat treated twice and that 
treated once on August 25 is too slight to be of special importance, 
and certainly not sufficient to warrant the double application in prac- 
tice. Aside from consideration of economy two applications per 

{ 
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season have the added disadvantage of subjecting the tree to a double 
fumigation and a proportionately greater chance of injury, although 
no injury was observed on the trees so treated. 

While very good results have been obtained from applications 
made all the way from the last of August to the last of September, 
very late application has been less satisfactory. In 1916 the 1-ounce 
dose was applied to 48 trees at Springfield on November 1. Exam- 
ination was made the following spring on May 28, about seven months 
later. Large numbers of dead and decomposing larve were found 
on the trees. An unusual number, however, had escaped. Compared: 

to adjacent untreated trees the indicated mortality was 87 per cent. 
A slight amount of the material was still in the soil, and from the 
appearance of the larve it was suspected that a considerable part of 
the fumigation had taken place in the spring. There was also more 
or less injury about wounds and exposed tissue. The larve are 
probably much more resistant to fumigation during the dormant 
period than at any other season of the year. 

It has been found that with all gases the trees recover more readily 
from injury which occurs in early spring just at the beginning of 
the growing season than at any other time of the year, and other 
things being equal that would be the logical time to apply fumiga- 
tion. Records of soil temperatures made at Springfield in 1916, how- 
ever, indicate that the soil warms up rather slowly in the spring. At 
a depth of 6 inches the temperatures of the period from September 
15 to October 15 were not attained in the spring until about May 15 
to June 15. It is hardly probable that effective application could 
be made in the spring much before May 15. By this time a great 
number of the larve have reached a considerable degree of maturity 
at the expense of much injury to the tree, and while the gas would 
probably reach a large proportion, the depth and character of the 
burrows of the larger larve provide more or less chance for their 
escape. . 

As already stated, early fall, from two to three weeks before the 
end of the hatching period, proved the most effective time for appli- 
cation. In the latitude of Washington this is about the 10th of Sep- 
tember. At this time larve that have already entered the trees are 
mostly small, feeding in the outer layers of bark in more or less ex- 

posed locations, while the soil temperature is sufficient to evaporate 

the material before winter. 
For other localities both north and south of the latitude of Wash- 

ington, the time of application undoubtedly can be established ap- 
proximately from what is known of the insects’ seasonal history in 
various parts of the country. In Table VI it will be seen that there 
was a wide variation in the dates applications were made in the same 
locality in 1916, 1917, and 1918. As a matter of fact, all of the appli- 
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cations of 1918 were made from two to three weeks later than was 
originally planned, and, while the results of these experiments were 
quite satisfactory so far as the larvicidal action was concerned, a con- 
siderable amount of the material remained about the trees at the time 
examinations were made. There is reason to believe that the dates 
originally adopted are more satisfactory. These dates are as follows: 

Michigan, Ohio, Connecticut_________-_______________ September 1 

New Jersey, West Virgina, Maryland_______________ September 10 

North Carolina and the Ozarks_____________________ September 25 

Georgia jan dle xa sie ee ee ee 8 ee ia ee October 10 

In the study of Table VI it should be remembered that the exam- 
inations were made several weeks and in some cases several months 
after application. Dead larvee, of course, were largely decomposed 
after such a lapse of time. Hence no account was taken of anything 
but living larve. Dead skins and partly decomposed bodies were 
always in evidence but no attempt was made to determine the actual 
infestation from their numbers. The check plat by which the relative 
infestation was judged in all cases was made up of consecutive trees - 
in adjoining parallel rows. 

DOSAGE. 

Table VI sets forth with sufficient clearness the essential fea- 
tures of dosage efficiency. It will be seen that the doses applied as 
a single fall treatment gave results which agree very closely with 
their previously determined larvicidal value given in Table I. The 
trees treated in these experiments varied in age from 6 to 15 years 
and in size at the butts from one to several inches in diameter. 
It might be argued that the collar girth of the trees would be a bet- 
ter index to the dosage required than their age. There are certain 
facts, however, which make this undesirable. First, as will be shown 
later, injury is more dependent upon the age of the tree and the 
development of protective tissue than upon its size. Second, there 
has been a wide latitude in the size of trees treated successfully by 
a given dose. Under field conditions there is at all times a heavy 
surface and lateral loss of gas. It seems probable for that reason 
that there is a certain area of gas diffusion necessary before the 
vapor in the center of this area attains toxic concentration. There 
are, of course, limits in both directions in the application of this 
statement, very large trees undoubtedly requiring larger doses than 
small ones. In practice, however, the latitude in collar girth of 
trees which a given dose will treat successfully has been enough to 
cover the usual variation in trees between the ages of 6 and 15 years. 

It will be seen in Table VI that the one-fourth-ounce dose gave 
only partial control. Although only one experiment included the 
application of this amount, the results agreed fairly well with its 
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previously determined larvicidal value. The one-half-ounce dose in 
many instances gave as perfect control as the next two larger doses, 
and in some cases better. On the whole, however, the results from 
the application of this dose are not quite so uniform and the general 
average is slightly less. As will be seen from the table, there is not 
a great difference in the control obtained from either the one-half- 
ounce, the three-fourths-ounce, or the 1-ounce doses. Apparently 
there is considerable latitude in the dosage required, within these 
limits, but it does not seem likely that much less than one-half-ounce 
doses would give consistent control. On the other hand, there does 
not seem to be much point in using doses larger than 1 ounce. 

Other experiments were carried on in which very much larger 
doses than those shown in Table VI were used, but in none of these 
was there an advantage in the control obtained sufficient to offset the 
probability of injury from the greatly prolonged fumigation. Table 
IV gives the results of one such experiment, made at Springfield 
in 1916. 

Taste 1V.—Effect of stated doses of para-dichlorobenzene on 8-year-old peach 
trees, Springfield, W. Va., 1916. 

e. 
(1 tree severe). 

bi Vi 
Date of— Interval Nem eure : 

Num- in days 

ber of| Dose per tree. eee Injury. 
trees. Applica- | Examin-|toexam-| moa] Per 

tion. ation. | ination. tree 

5 | 4 ounce..........-. June 24] Oct. 14 112 29 5.8 | None 
ial au GOs nee ae eGOss2 52 Oct. 27 125 12 2.4 | None 
Pisces Ci) See eee ole ne Oct. 28 126 3 6 | None 
Hil nces GOveeeen nee ees Aug. 22 |...do. yf SSeeae seas A OSeereta None 
5 | lounce..-....-...-- June 24| Oct. 14 112 9 1.8 | None 
15) Oe cgee = cece dor2e: Oct. 18 116 25 5.0 | None 
Bile oes COS ESee seaeecoe do Oct. 27 125 15 3.0 | None 
Hal ee (Ch) eB te ha eee eed Onseeye ec Ones 125 6 1.2 | None 
el Soe GOP ee see sisi Aug. 22] Oct. 28 (YH seese cena Saeceseces None. 
5 | 2 ounces-........-- June 24] Oct. 14 MeL Dy leyee sere sce ere sve Seer None (1 tree moderate). 
Epil ae (CS a ae Soe ase mes <5 Ons2 4 Oct. 18 116 3 .6 one. 
Bh lees Oe Go eee --do...-| Oct. 28 126 4 .8 | None. 
2 eae 0 SeAneiees cee ---do...-| Oct. 27 MDS liwercteee cats «|e esceets 2 None. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
2 

beer! GOne saeco eee | eAUes 22 |22 OO. Cee ee eee ee oe IN ones 
6 ounces -.....----- sebl)os scl[Socclee = < OY eascosssdcllesssosccss None (1 tree traces). 
8 ounces...-.------ sect ese coos@ce « Oe |ladscoasotolloaskeascas Traces. 
10 ounces .....-.-.- «=-G0...-}..-d0.... Gf |soseosssculleocsesescs None (1 tree traces). 

Total number of trees treated, 126. 

A total of 126 eight-year-old trees were treated with various doses, 
ranging from one-half ounce to 10 ounces per tree. Part of the ap- 
plications were made June 24 and part August 22. The examination 
was made in October. Of the entire 126 trees, 56 which received 
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cn) 5 ounces each and over were entirely free from larve; 20 trees re- 
ceiving 2 ounces each on June 24 contained 7 larve, an average 
infestation of 0.35 per tree; 5 trees receiving 2 ounces each August 
22 contained none; 20 trees receiving 1 ounce each on June 24 con- 
tained 55 larve, an average infestation of 2.7 per tree; 5 trees re- 
ceiving 1 ounce each on August 22 contained none; 15 trees receiv- 
ing one-half ounce each on June 24 contained 54 larvee, or an average 
of 3.6 per tree; and 5 trees receiving the same dose on August 22 con- 
tained none. It is especially significant that the single application 
of a moderate dose the last of August gave as good control, in the 
end, as a June application of a much larger dose. 

INFLUENCE OF SOIL TYPE. 

So far as the present experiments go the influence of soil type on 
the effectiveness of the application of p-dichlorobenzene has im- 
posed no limitations on its use. While the fumigation probably 
may be expected to prove somewhat less effective in some cases where 
extreme variation in soil types exists, it has been used so far with - 
almost uniform results on a variety of soils. In this respect it pos- 
sesses a distinct advantage over gases like carbon disulphid and 
carbon tetrachlorid, which volatilize so rapidly at ordinary tempera- 
ture that the fumigation is over in a few days. The relative dif- 
fusion of gases at various times in a given soil type depends mainly 
on the variation of moisture content. A highly volatile gas for that 
reason possesses a distinct disadvantage, since it is governed entirely 
by the particular condition of the soil, with respect to moisture, 
which exists within a period of a few days. This condition may be 
one of extreme dryness or extreme wetness, or, in case of a heavy 
rain, both conditions may be present. It is apparent, therefore, 
that a material of low volatility at ordinary soil temperature, which 
gives a comparatively mild fumigation, and requires a long period 
for its action, not only takes advantage of the equalization of soil 
moisture conditions that usually occurs over a period of several 
weeks, but at the same time is less seriously affected by sudden 
violent fluctuations that may occur at any time. 

Table VI gives the results obtained on several types of soil vary- 
ing in character from sandy loam to comparatively heavy clay loam. 
At Pinto, Md., where the soil type is a variation of the Franks- 
town series, known as stony silt loam, locally called chert land, the 

greatest difficulty is encountered in its use. When cultivation of 
this soil is followed for some time, it appears often almost entirely 
free of fine material on the surface. Below the immediate surface, 
however, it is usually well filled with fine soil. The chief difficulty 
in making application to this type of soil was due to the lack of 
fine material. As will be seen in Table VI the results were quite 
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satisfactory on this type of soil, and the mechanical difficulty in- 
volved in its application would probably be no greater than in 
“worming.” 

For the types of soil upon which experiments have been made no 
consistent variation in control has sc far been observed. The com- 
parative mildness of the fumigation and the long period over which 
it acts apparently tend to neutralize the influence of soil type. j 

INJURY TO TREES. 

The margin of safety in the use of p-dichlorobenzene against the 
peach-tree borer apparently depends entirely upon the relative extent 
to which the insect and the tissues of its host are exposed to the 
action of the gas. In the main this relation varies in proportion to 
the age of the tree and the development of its protective tissues. It 
has been found impossible to fumigate young trees with safety. On 
the other hand trees beyond a certain age have shown so far no ill 
effects from a fumigation of several times the duration necessary 
to kill the insect. 

In the course of three years’ work many hundreds of observations 
have been made on the collars of trees treated with a great variety 
of doses on a number of different soils. In some cases blocks of 
trees have been treated for two successive seasons and in one case for 
three years. In part, the observations have been made in connection 
with “ worming” data, and in part they are the results of separate 
dosage experiments. 

NURSERY TREES, 

In 1916, 57 nursery trees were treated in a nursery at Hagerstown, 
Md. The trees were Belle of Georgia buds of the previous fall. The 
soil was a stiff clay loam. The dosage was distributed over the 57 
trees as follows: 10 received one-fourth ounce each; 10 one-half 

ounce; 10 three-fourths of an ounce; 10, 1 ounce; 5, 2 ounces; 5, 3 
ounces; 2, 4 ounces; 2, 5 ounces; and 3 individual trees received 6, 
8, and 10 ounces, respectively. The application was made on Sep- 
tember 6. On October 21 the trees were dug and examined. In this 
interval of 45 days all of the trees had been injured severely by the 
gas. No distinction could be made between the various doses in the 
extent of the injury, which was as severe on trees receiving one- 
fourth ounce as on those receiving more. The injury was localized 
on the collar and larger roots lying within 6 to 8 inches of the ma- 
terial. The greatest amount of tissue killed was in the vicinity of 
wounds, but even on uninjured stems where the epidermis was not 
ruptured the surface was peppered with tiny lesions extending into 
the cambium. 
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TWO-YEAR ORCHARD TREES, 

The effect upon two-year orchard trees proved less serious, al- 
though much too great to make their fumigation practicable. On 
August 18, 1916, 20 Belle of Georgia trees were treated in an orchard 
at Vienna, Va. These trees were in their second season from plant- 
ing and were consequently two years older than the nursery trees. 
The soil was exceptionally stiff clay loam. With one or two excep- 
tions these trees were vigorous and normal. Table V gives the date 
of application, dosage, and the results of later observations on the 
effects of the fumigation. 

TABLE V.—Effect of stated doses of para-dichlorobenzene on 2-year-old Belle of 
Georgia peach trees, Vienna, Va., 1916-17. 

Condition Condition of trees on specified dates of examination. 
Tree| Oftrees Date of 
No before Dose. applica- 

ineete tion. Mar. 14, 1917. July 24, 1917. 

1 Moderateinjury, notserious...-| Fullyrecovered, normal growth. 
2 Slight injury, not serious Do. 
1 Bead O etc. eee eee oaee Do. 
2 Deadeast ey sec oeee 
1 Slight injury, not serious : Do. 
2 .| Severeinjury, girdled _. -| Dead. 
Tle Sever? py three-quarters Partly _ recovered, normal 

gir gTowtn. 
2 cneue injury, not serious......- Pulere recovered, normal growth. 

Diese CO seen ellen do......;...d0....| Severeinjury, girdled.......... Dead. 
LylSesdos ake 3 ounces. |...do....- Slight injury, not serious_...... Fully recovered, normal growth. 
PA Ne era CS Seal bse! dope esse do....- Severe injury, three-quarters | Partly recovered, normal 

girdled. growth. 
ase dowenae 4ounces..| do..... Severeinjury, girdled.......... Dead. 
PB odkt@ss ana soe 0. -.-do....| Tracesinjury, not serious... ... Fully recovered, normal growth. 
Ee -dotsene 5 ounces..|...do..... Severeinjury, serious.......... Partly 7 recovered, normal 

rowth. 
PA eer 6 Foy eee les dosseleee doze.t2 Tracesinjury, not serious...... Fally recovered, normal growth. 
IU eto or es 6ounces..|... doze Slight injury, “not serious....... Subnormal, stunted. 
Qt dora alas Choy ee ee do..... Tracesinjury, not serious...... Fully recovered, normal growth. 
ihe dostas 2 8ounces..|/...do....| Moderate injury, not serious.... Do. ; 
do | Sedoweeae 10 ounces.|...do-.... Severeinjury<.c22) 3... aes ee Subnormal, stunted. 

It will be noted by reference to Table V that for all doses up to 
and including 5 ounces the injury to one tree is recorded as “ slight ” 
or less, while the other was injured more severely. Table V also 
shows that on July 24, 1917, when they were again examined, all in- 
jured slightly had recovered and made a normal growth. For each 
dose, therefore, up to and including 5 ounces, one tree entirely re- 
covered and made a normal growth the season following fumigation. 
Apparently for the period over which the experiment was allowed 
to run, the smaller doses were sufficient to furnish a vapor of maxi- 
mum toxicity. Had the experiment been allowed to run longer, it 
is probable that a greater graduation in the toxicity of the various 
doses would have been observed, as the larger doses had by no means 
completely volatilized at the time the examination was made. As in 
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the case of the nursery trees, the greatest injury occurred about 
wounds. There was noticeably less injury where the protective tis- 
sue was not ruptured than on the uninjured stems, although in many 
cases the gas had killed large patches and partly girdled uninjured 
collars. 

FOUR-YEAR ORCHARD TREES. 

Four-year orchard trees showed a still greater resistance to the 
effects of the gas. On September 9, 1916, 28 four-year Champion 
trees were treated in an orchard at Conway, Md., with doses as fol- 
lows: Nine received one-half ounce each, 9 three-fourths of an ounce, 
and 10 one ounce. Five trees of each plat were examined on Novem- 
ber 28, 1916, and the remainder on April 2, 1917. Of the entire 28 
trees, 17 showed no injury at all. Of the 9 trees which had received 
the one-half ounce dose 7 showed no injury, while 2 were injured, 1 
moderately and 1 severely. On the three-fourths-ounce plat 5 of 
the 9 trees showed no injury, 4 were injured, 2 severely, 1 moderately, 
and 1 only a trace. On the l-ounce plat 5 of the 10 trees were un- 
injured; of the remaining 5, 3 showed only a trace of injury, 1 a 
slight injury, and 1 was entirely girdled. Of the entire lot of 28 
trees only 1 was killed outright. While one or two others were 
partly girdled, the one last mentioned was the only tree upon which 
the effects of the fumigation were ever visible above ground. As 
usual the injury occurred more or less irrespective of dosage, its 

severity varying with the condition of the tree with respect to insect 
wounds, etc. While it was apparent that four-year trees could not 
be fumigated without more or less injury en lacerated stems, there was 
a decided diminution in its severity on trees of this age compared to 
those younger. 

The extent to which the epidermal and cork layers of the bark are 
responsible for the protection of the tree was illustrated by an ex- 
periment at ‘Springfield in 1916. A block of eight 10-year-old trees 
was treated with 1, 2, 3, and 4 ounce doses on July 20, two trees Fe- 

ceiving each dose. On August 26 they were examined and no trace of 
injury found. However, in making the examination the trees of the 2, 
3, and 4 ounce plats were considerably scarified, the outer layer of the 
bark being largely pared and scraped away. These trees were re- 
treated with the same dose August 26, and examined again on Octo- 
ber 28. On the 1-ounce plat where the collars were not scarified no 
injury had developed. On the other plats all the trees were injured 
severely, and in two cases completely girdled. On the other hand, 
trees of the same age in adjoining rows withstood during the same 
period continuous fumigation for 125 days without injury. 
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TREES SIX YEARS AND OVER. 

A single early fall application of a moderate dose of p-dichloro- 
benzene has caused no injury on trees six years and over. Doses have 

been applied to trees of this age varying from 1 ounce to several 
ounces per tree. Where moderate doses of three-fourths of an ounce 
or 1 ounce per tree have been applied once in early fall no injury of 
any importance has ever been observed. Hundred of trees have been 
fumigated in this way, and in some cases blocks of trees have re- 
ceived the same doses for two and three years. While there can be no 
doubt that trees of any age could be killed if the fumigation was 
prolonged sufficiently, there is every indication that the time re- 
quired would be many times that necessary to kill the borer. Occa- 
sionally in the vicinity of wounds a slight amount of tissue is killed 
even in fumigation with ordinary doses, but on the older trees this 
has been so slight and superficial in character that it may be disre- 
garded. 

Table IV gives the results of prolonged fumigation on eight-year- 
old trees at Springfield in 1916. Ag will be seen from the data there 
presented very little injury of importance was found on trees treated 
with doses giving a continuous fumigation from June 24 to the last 
of October. Of the entire 126 trees treated with doses ranging from 
one-half ounce to 4 ounces each, only two developed serious injury 
and in both cases the trees had been seriously injured by both borers 
and crown gall. Apparently the gas has considerable effect upon the 
spongy galls which accompany this disease. Doses of 2 ounces 
and over gave off a very pronounced odor when the earth was opened, 
end the fumigation had probably been maintained at a toxic concen- 
tration throughout most of the period from June to October. While 
from the standpoint of control a fumigation of so great duration is 
not necessary or desirable, it 1s interesting that all these larger doses 
gave almost complete immunity from the insect throughout the 
season. 

The greatest amount of injury ever observed on older trees resulted 
from an application made at Springfield on November 1, 1916. (See 
Table VI.) 
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The trees treated were about 10 years of age and had suffered 
heavily from borer attacks. They received 1 ounce each. On May 
28, 1917, 15 were examined. Nine showed no injury at all, 5 showed 
traces, and 2 what was classified as slight injury. So far as the final 
effect on the trees was concerned none of this injury was of impor- 
tance. It was more than hitherto had been observed for this dose, 
however, and while the reason is not entirely apparent it is felt 
that it is best to make the application sufficiently early in the fall 
to allow for complete evaporation before winter. This fact, coupled 
with its less effective action, should be sufficient reason for avoiding 
late application. When the application is made in the central lati- 
tude as late as September 15, it probably would be wise to uncover 
the trees after five or six weeks, and either allow them to stand open 
for a time or refill with fresh earth. In fact, at the present stage of 
our knowledge of the problem the writer is inclined to feel that this 
might be a wise precaution to follow in every case. 

The varieties treated have included many of the leading commer- 
cial sorts as well as a large number of unknown seedlings. So far ~ 
there has been nothing to indicate that one variety of peach is more 
susceptible to the effects of the gas than another. 
A summary of the results obtained by one fall application of para- 

dichlorobenzene is given in Table VI... 

RELATION OF INJURY TO SOIL TYPE. 

No special relation between injury and type of soil has been discov- 
ered in the use of p-dichlorobenzene. Very porous soils probably 
give a somewhat less concentrated vapor than very retentive soils, 
but in practice the effect of soil type has not seemed important, al- 
though the soils on which experiments were carried on have varied 
from light sandy loams to heavy clay loams. 

INJURY TO APPLE. 

In August, 1916, an application of p-dichlorobenzene was made to 
twelve 83-year-old apple trees at Springfield, W. Va. These trees were 
treated with doses varying from 1 ounce to one-fourth of an ounce 
each. All were quite well infested with S. candida. The applica- 
tion was made on August 23 and the examination on September 1-2. 
Practically all the smaller larvee of the borer had been killed. The 
more mature specimens working in deeper burrows were still living, 
although several were affected noticeably by the gas. The trees were 
severely injured, however. Apparently, the action of the gas on the 
insect and the tree was almost simultaneous. Several of these trees 
were so severely injured that they died the following season. On 
another occasion an 8-year-old apple tree not infested with borers or 
injured in any way was treated with an ounce of p-dichlorobenzene. 
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When examined, about one month later, it was found to be two-thirds 

girdled by the fumigation. While these observations are very lim- 
ited they indicate a wide difference in susceptibility of apple and 
peach. This difference apparently is due mostly to the difference in 
the thickness of the bark and its layers of protective tissue, which 
exists between the two. 

DISCUSSION. 

The experience so far obtained indicates that there are pronounced 
possibilities in the application of poison gases to the control of the 
peach-tree borer. At present p-dichlorobenzene remains the only 
material of decided value. Despite the fact that for three seasons it 
has given uniformly good results, however, it is not the purpose 
of this paper to encourage its use except in an experimental way. 
The control obtained has been by no means 100 per cent efficient, 
and it is doubtful if such a degree of control could be secured safely 
by any artificial means. Certainly it is not obtained in practice by 
the ordinary “worming.” Unfortunately the use of this gas is 
restricted to trees of somewhat advanced age, but this limitation 
might apply as well to the application of other fumigants for the 
control of this insect. 

The question of the volatility of p-dichlorobenzene was submitted 
to the Bureau of Chemistry. It was found that the vapor pressure, 
while very low at ordinary temperature, is, roughly, about ten times 
as great at 100° F. as at 50° F. In the soil, however, the relation of 
vapor pressure and temperature to the rate of volatilization is greatly 
modified by such factors as barometric pressure, humidity, circula- 
tion of air, surface exposure, etc. Although there is undoubtedly a 
considerable variation in the rate of volatilization within the sea- 
sonal range of soil temperatures, it has not seriously interfered with 
the effectiveness of the gas in the field tests so far made. Soil tem- 
perature records taken throughout the season of 1916 at Springfield, 
W. Va., showed a variation at a depth of 6 inches from about 50° 
to 55° F. in April and October to 75° and 80° F. in July and 
August. 

The vapor of p-dichlorobenzene has a very decided repellent effect 
upon the ovipositing moths. On several occasions females were 
followed through treated blocks of trees and observed to.visit tree 
after tree, hovering about the base for a short time or alighting for 
an instant without depositing a single egg. 

The effective range of the gas is rather local, being confined to the 
area reached in practice by “worming.” On the bole of the tree at 
a depth of from 8 to 12 inches and on lateral] roots at less than that 
depth, but more than 6 to 8 inches from the trunk, larve usually are 
not affected. 

1 Correspondence and notes of the Bureau of Entomology. 
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The writer is indebted to a number of observers for cooperation 
im experiments made in various parts of the country during the 
season of 1918. In Ohio the treatments and examinations at San- 
dusky and Vermilion were made by Mr. G. A. Runner, in charge of 
the laboratory of the Bureau of Entomology at Sandusky, in coopera- 
tion with Mr. H. J. Speaker, of the bureau of horticulture, Ohio De- 
partment of Agriculture. The work in southern Ohio at Wakefield 
was conducted by Mr. Speaker. At Springdale, Ark., the observa- 
tions were made by Mr. A. J. Ackerman, of the Bureau of Entomol- 
ogy, and Mr. F. L. Pierce, of the Bureau of Plant Industry. At Fort 
Valley, Ga., the work was carried out by Mr. J. J. Culver, of the 
Bureau of Entomology, and the writer. The writer is also especially 
indebted to Mr. B. R. Leach, in charge of the bureau laboratory at 
Winchester, Va., for many valuable suggestions and for cooperation 
and assistance in the experiments in Virginia, West Virginia, and 
Maryland. 

SUMMARY. 

(1) It has been found impossible to standardize the use of carbon 
disulphid and carbon tetrachlorid as treatments for the peach borer. 
The great volatility of these substances at ordinary temperatures 
renders them too sensitive to varying conditions of soil porosity. 

(2) Sodium cyanid on account of its solubility was too susceptible 
to the effects of variation in soil moisture and soil type, and proved 
to be injurious to trees. 

(3) Naphthalene on account of its low volatility within the sea- 
sonal range of soil temperatures was only a partially effective larvi- 
cide for a very short period in midsummer. 

(4) P-dichlorobenzene has proved quite effective over a wide 
range of varying conditions imposed by field practice, with a consid- 
erable margin of safety for trees six years and over. 

In making the application the surface crust about the collar of 
the tree is broken. Excessive amounts of gummy exudations at the 
surface are removed. The lower levels of soil are disturbed as little 
as possible, and the required dose is distributed evenly about the 
trunk in a band 1 to 2 inches in width. (See Plate I, A.) Two or 
three shovels of earth are then placed over the material, and com- 
pacted with the back of the shovel, being mounded slightly to cover 
surface galleries (Plate I, B). 

In the latitude of Washington and northern Virginia about Sep- 
tember 10 has been found to be the most satisfactory time of appli- 

cation. Based on the insect’s seasonal history, the theoretical time 
of application in the North generally would be about September 1; 
in the Ozarks, September 25; and in Georgia and the ‘cotton belt, 
October 10. 
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For 6 to 15 year old trees of average size, doses of 1 ounce 
and of three-fourths of an ounce per tree have been found effective in 
destroying the borers without injury to the trees. For very large 
trees of advanced age, a somewhat increased dose may be desirable. 

As an added precaution against injury the base of the trees should 
be uncovered 4 to 6 weeks after application, allowed to remain open 
for a few days, and recovered. This precaution is especially neces- 
sary if the application has been made very late. 

The use of p-dichlorobenzene in this way has been found to reduce 
the infestation on the average from 6.77 to 0.41-0.36 larve per tree, 
approximately a 94 per cent control. 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1919 
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BULB PRODUCTION IN THE UNITED STATES. 

The production of bulbs in the United States is in its infancy. 
In normal times the value of the bulbs used in this country is not 
far from $2,000,000 a year, while those actually produced here are 
scarcely worth $25,000 in any one year. 

This condition exists in spite of the fact that it has been known 
for generations that narcissus bulbs of perfect quality can be grown 
over a wide latitude and that tulips, although more exacting in their 

requirements, can also be produced successfully. Those best in- 
formed are just as sanguine about the production of hyacinth bulbs, 

126953—19—Bull. 797-1 
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but, true to their scientific training, they are inclined to withhold 
advice and judgment because, so far as is known, no actual demon- 
stration has yet been successfully accomplished on a scale large 
enough to command respect. The reason for this can be summed 
up in the phrase “ We have thought that all of these stocks could be 
bought cheaper than we could grow them.” Whatever may be the 
truth regarding this prevalent opinion, whatever may have been the 
facts in the past, it is very certain that in the future the conditions 
are going to be different. The dissemination of such information 
on the subject as is available at this time is therefore pertinent. 

In this brief bulletin details have been largely eliminated. The 
various methods of bulb culture are described, with little attempt to 
discriminate between them. As American experience is not extended 
enough to have crystallized into general practices, it is consequently 
considered advisable to present those methods which have succeeded 
in this country and abroad. Variations in practice will be inevi- 
table as an industry in bulb production is developed in this country. _ 

Thus far, the commercial production of Dutch bulbs has in this 
country been confined mainly to the Atlantic and Pacific seaboards, in 
the former north of Norfolk and in the latter north of San Francisco. 
The available data are more or less meager in either case, but good 
bulbs have been produced in both regions. 

The western bulb area appears to be rather narrow, being con- 
fined to a strip of territory which receives suitable rainfall and is 
sufficiently affected by seacoast conditions to prevent rapid transition 
from winter to summer. 

The eastern area is much more indefinite as to width, as the heat 
and moisture conditions are not so sharply defined. In the interior, 
in the Ohio and Mississippi Valleys, small quantities of tulip and 
narcissus bulbs have been grown sufficiently long to show the pos- 
sibility of the successful production of many varieties. 

Some of the hardier and more robust of the narcissus varieties 
thrive well and naturalize even in the Gulf States, but this region 
is best adapted to the so-called South France stocks. The growing 
of tulips and Dutch hyacinths probably should not be attempted 
there. 

Contrary to what would be generally supposed, it is not too cold 
for tulips and narcissi to sueceed as far north, as Sitka, Alaska. 
They thrive well along the entire northern border of the United 
States wherever the moisture conditions are suitable. 
From the above it will be seen that these stocks succeed under a 

great diversity of conditions. Indeed, they seem to be as adaptable 
as ordinary cultivated crops. 

The successes with the three main groups of these bulbs on the 
northern Pacific coast; the large production of a long list of narcissus 
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varieties in southern Illinois and Virginia; the culture of Darwin 
and other tulips in Michigan, northern New York, Ontario, and 
Virginia, and the admirable hyacinth bulbs often produced in private 
gardens throughout the region south of New York, under conditions 
of comparative neglect and a large measure of ignorance of their 
life history, would seem to prove sufficiently that we have an abundant 
territory adapted to growing these stocks. 

SOIL ADAPTATION. 

The culture of bulbs is associated in the public mind with sandy 
soil, and the preponderance of advice as to their handling specifies 
sandy soils as preferable to any other. Periodical literature espe- 
cially is full of reference to the so-called “ sand-dune bulb fields” of 
the Netherlands. Abundant evidence is at hand to show that 
purchasers of bulbs have good success in flowering them on almost 
any soil which is available, and though this is a very different matter 
from producing the bulbs with flowers in them it is nevertheless a 
proof of the wide adaptability of these stocks. 

In the experiments at Bellingham, Wash., thus far, better tulips 
and better narcissus bulbs have been produced on silty soil than upon 
the lighter sandy soils. The trials with hyacinths are not decisive; in- 
deed, other factors may account for the results. Proper fertility 
has not always been maintained, and the heavier soils are less ex- 
hausted by long cropping. While this may be true, the fact stands 
out prominently that the production of tulip, narcissus, and even 
hyacinth bulbs of good quality can be accomplished on silt-loam soils 
underlain by clay at a depth of 16 inches. On the other hand, it 
should be realized that the ability to produce bulbs at a profit will 
be the controlling factor, and the expense is much less on hght than on 
heavy soils. 
When all is said, few plants are more widely adaptable and few 

crops more easily grown than bulbs. The regions in this country are 
few and small, indeed, where some varieties of each of the three 
groups are not successful when grown for ornamentation, and the 
possibility of the production of bulb crops is promising. The flower- 
ing of the bulbs, as we know, is accomplished in a great variety 
of media, almost anything, from water to ordinary loam soils, 
answering the purpose provided the atmospheric conditions are 
suitable. 

Mechanics probably has more to do with the suitability of sandy 
soil than any inherent preference of the bulbs for sand rather than 
for heavier loam. It is possible that it will be cheaper to add heavy 
applications of fertilizer than to handle the bulbs in heavy soils. 

On the other hand, many varieties will coat up better on light 
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than on heavy soils. The character of the bulbs grown on heavy and 
on light soils will vary somewhat, of course, as it will with shallow 
and with deep planting. The indications are that success can be 
secured in bulb production on a friable loam soil, whether it has a 
preponderance of sand in its composition or not. 

TEMPERATURE, SOIL, AND FERTILITY REQUIREMENTS. 

We may gain a valuabie lesson as to the requirements and suit- 
ability of these bulbs from the long private experiences of those who 
have flowered them either in pots or in borders in different regions 
and then tried to carry on their propagation. It is the common 
experience that these stocks gradually deteriorate in size in the hands 
of the small grower. This is not always a proof of lack of adapt- 
ability, because it is seldom that the stocks are properly handled. 
They become overgrown with weeds, are left undug too long, or are 
improperly-fertilized. ! 

About 40 miles from the coast in northern California we have a 
record of an apparent intelligent handling of Darwin tulips over a 
period of years. Here, with good fertility and proper handling, the 
bulbs gradually deteriorate in size. Two natural conditions in this 
locality seem to be accountable. The moisture is likely to fail sud- 
denly before the plants complete their growth, and the temperatures 
are likely to run suddenly high at the same time, thus shortening the 
growing period suddenly. Such conditions are evidently not suited 
to commercial bulb production. 

The consensus of experience in the vicinity of the District of 
Columbia probably would be very similar to that in the interior 
region of northern California—the bulbs gradually deteriorate in 
size. In this region, however, the average soil is naturally poor, 
which, coupled with imperfect growing of small lots, is responsible 
for much of the failure. There has been recently ample proof that 
all of the robust varieties of both the nacissus and the tulip can 
be successfully produced in good quality even here. It is not to be 
considered, however, that the conditions are by any means ideal. 
The main adverse condition, aside from natural lack of soil fer- 
tility, is the high temperatures, which are normal for May and June 
and occasionally occur even in April. There is also an uncertainty 
regarding moisture supply before the end of the growing season. 

Suitable temperature, moisture, and soil conditions obtain in both 
our Atlantic and Pacific coast regions. In the interior of the eastern 
United States, as far west as Illinois and Michigan at least, condi- 
tions are favorable enough for success. The temperature is not as 
favorable as in the cooler coastal climate, but, in our opinion, where 
friable well-drained soils occur the conditions are generally as satis- 
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factory for the production of Dutch bulbs as for the common staple 
crops usually grown there. 

The fertilizer requirement of bulbs is not sufficiently appreciated 
in this country. These stocks require heavy fertility to produce 
well and to maintain their size. We have sometimes thought that 
the better success with narcissus than with other bulbs is due to the 
fact that this group requires less fertility and is exceedingly im- 
patient of any soil loaded up with organic matter, even when well 
incorporated. This does not mean that the narcissus requires a 
lean soil, but that a heavily fertilized soil must not be in contact 
with the bulb. 

The practice of rotation by the bulb grower on the other side of 
the Atlantic is in this particular instructive. The formula of the 
rotation may be stated as follows: A heavy application of cow 
manure in winter, followed by a crop of potatoes dug early and 
followed by hyacinths one year, tulips the second year, and then nar- 
cissi. When the latter are left in for two years they commonly 
receive a top-dressing of manure the second year. The soil in which 
the narcissus is planted in this rotation has produced a crop of 
potatoes, one of hyacinths, and one of tulips. The application of a 
mulch of manure always works well with the narcissus, because the 
fertility is secured in the form of leachings. The relative fertility 
requirements of the bulbs are well exemplified in this rotation. 

NUMBER OF BULBS GROWN PER ACRE. 

A practical bulb grower will almost invariably shy at a question 
relating to the number of Dutch bulbs that can be grown on a 
definite area of ground, especially if the exactitude of the Dutch 
method be followed. The reason is apparent if we stop to reflect. 

Let us analyze an acre’s planting on the Dutch plan. Allowing for 
one 10-foot roadway and the necessary waste on the sides, there is 
room on an acre for 48 beds with paths 1 foot wide. The length 
of these beds when the necessary crosswalks are taken out will be 
not more than 190 feet. If the rows are 6 inches apart 18,240 rows 
will be planted. Then if 7 bulbs are planted to the row, an acre will 
be fully occupied by 127,680 bulbs. On the other hand, if 50 bulblets 
to the row are planted it will take 912,000 to occupy the acre. In 
round numbers, therefore, the number grown on an acre will range 
from 125,000 to 900,000, a very wide variation. In practice, the 
grower may have 20 beds 50 feet long of one variety, and if he 
sizes his bulbs closely he will plant in those 20 beds, about one-forty- 
fifth of an atre, 7, 9, 11, 14, 21, 35, and 50 bulbs to the row. It is mani- 
festly very difficult to say how many bulbs can be grown on an 
acre. The matter is still more complicated by the constant fluctua- 
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tion in the relation of different sizes, owing to seasonal variation, 
and, further, by the fact that merchantable bulbs are turned off 
more closely some seasons than others. In the above case an average, 
which means but little, would be 8,400 for the area specified. It is 
on this account that the row and the bed are such prominent units 
of bulb measurement in the Netherlands. They do not contain the 
same number of bulbs, but an effort is made to occupy the ground 
unliormly, and there is consequently about an equivalent quantity of 
plant material on any given area. 

PLANTING. 

Long experience and practice have brought the art of planting, as 
well as other Dutch-bulb operations, to an exact formula. In this 
country the ground is thoroughly prepared with a plow, disk, and 
harrow, but in the Netherlands mainly with a spade and rake. It is 

° well to run a float or 
roller over the field as 
a final preparation, in 
order to smooth the 
surface and compact 

the soil a little. 
The land is first laid 

out into plats accu- 
rately measured and 
squared with the aid 
of a taut line. These 
plats are then subdi- 

Hic. 1.—A field of the Sir Watkin narcissus. Hxperi- vided into beds by 
mental planting at Bellingham, Wash., 1918. means of lines 

stretched on each side 
of the 3-foot bed, leaving, with us, a 15-inch path between. (Fig. 1.) 
At the same time a permanent peg or stake is set at each corner of the 
bed. These stakes remain throughout the season. The bed is then 
marked off with a common spade by shoving it into the ground along 
the line to a depth of 5 or 6 inches and pulling the dirt into the center 
of the bed by a scraping motion. The soil is then, with a shovel, 
thrown out of the first bed in the plat to a depth of about 4 inches. 
Next, the bottom of the bed is smoothed with a garden rake, and a 
marker is run through, which defines the boundaries, rows, and the 
center of the planted bed. After this, the bulbs are set out, usually 
by two men on their knees on either side of the bed. The covering is 

1 While the beds are laid off 3 feet wide and are spoken of as 3-foot beds, bulbs are set on 
the 3-foot line on either side. The bed, therefore, really occupies about 39 inches, since 
the plants on the edges project 12 inches on either side, thus making the bed a meter wide, 
the same as the conyentional Dutch planting. 
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accomplished when the dirt is taken out in opening the second bed, 
the surface being left rough as the dirt falls from the shovel and 
smoothed off late in the season. The bottom of the second bed is then 
prepared for setting the bulbs, and the process is repeated with suc- 
cessive beds until the entire plat is planted. To facilitate the work 
the corners of the beds are marked permanently by stakes at the time 
they are laid off and these stakes serve as guides. 

In laying off the ground careful attention is given to configuration, 
so that the drainage may be as nearly perfect as possible. Com- 
monly the plats are marked off by the previous plowing, the back 
furrow being thrown into the middle of the land, thus draining 
into the dead furrow between the plats or lands. Where the subsoil 
is sandy, allowing the ready percolation of moisture, drainage 
ditches between the 
plats are not neces- 

sary, but in heavier 
soils 1t is imperative 
to make them. Even 
in sandy soils it is 
better that ample 
drainage be provided, ““#<tleal- 
because if the surface “= = 
of the soil freezes 
there may be a time 
when water will be 
pocketed for a few 
days, to the injury of 
the bulbs. 

The bulb bed in the ; 
Netherlands is laid off Fic. 2.—Marking a bed with a homemade marker. The 
a meter wide and of See marks the rows, the outside, and the middle of 

any convenient ~ 
leneth—the width of the plat or land—preferably about 33 feet 
(10 meters). The plats are separated by walks 4 to 8 or 10 feet 
wide, which include the drainage ditches. In some instances 
narrow and wide walks alternate. Between the beds paths 12 to 16 

inches wide are left. The rows run across the beds and are there- 
fore a meter (39.37 inches) long. Our marker was made to lay off 
rows 6 inches apart. This marker is the same in principle as that 
used by the onion growers of southern Texas, being made of slats 
set in the periphery of an 18-inch cylinder 3 feet in length (fig. 2). 

This handmade machine marks the row and the boundaries and 
center of the bed and is operated in the depression, which has pre- 
viously been raked to a level. One marker does all the work, and 



8 BULLETIN 797, U. S. DEPARTMENT OF AGRICULTURE. 

all rows are therefore 6 inches apart. The only variation occurs in 
the number of bulbs set in the row. Large bulbs are set 7 to the row; 
the second size, 9 to the row; and the third, 11 to the row. (Fig. 3.) 
These are commonly set upright and one in a place. The fourth size 
is planted 14 to the row, seven clusters, or hills, of two each, the 
bulbs being placed close together in any position in which they hap- 
pen to fall. The fifth size is planted 21 to the row, seven clusters, 
or hills, of three each, the bulbs lying in any position. The sixth 
size is planted like the last—five in each of seven clusters or hills. 
Still smaller sizes are strung along about 50 to a row without any 
attempt at clustering. In practice, the number of bulbs of the last 
two sizes is only approximate, no attempt being made to count them. 
In the case of very large bulbs of hyacinths or of the Emperor nar- 

cissus, which can not 
be planted without 
crowding seven to a 

tion is made in the 
spacing and the 
bulbs are set on the 
mark end half way 
between, making the 
rows 9 inches apart. 

Occasionally, smaller 
sizes of bulbs are 
strewn broadcast on 
the bed. This method, 

while simplifying the 
planting, makes dig- 

ging much more difficult, for, instead of following each row across the 
bed with the digging tool, the operator must turn all the soil in the 

bed over to a sufficient depth to insure not cutting the bulbs and 
then must pick them out by hand. 

This shghtly modified Dutch method has not been much followed 
in this country except on the Pacific coast, and there it has recently 
been abandoned at Eureka, Calif., by Mr. Ward, who is experiment- 
ing with methods thought to be better adapted to the use of machin- 
ery. The bulbs there are set 2 inches apart in 2-foot rows. 

In the Virginia bulb region (and a similar practice is followed 
generally on the northern Atlantic coast) the bulb beds are opened 
by turning furrows in opposite directions with a 12-inch plow. The 
dead furrow thus made is worked to a level with a cultivator, making 
a 15-inch bed, the path between being the same width as the bed. 
This is said to be similar to the Guernsey method. The bulbs are 

Fig. 3—Planting bulbs with a small crew. 

6-inch row, a devia-_ 

4 

—_— ss 
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covered either with the plow or with a winged cultivator which 
throws the dirt from the back furrow in either direction on the beds 
of set bulbs. 

In the South Atlantic region bulbs are planted usually in 15-inch 
rows, the rows being opened with a 1-shovel winged cultivator. The 
bulbs are then set 2 or 3 inches apart and then covered by running a 
harrow over the ground. It is said that during the past two or three 
years an innovation has been introduced in some places in the Nether- 
lands where a special 10-inch moldboard plow, having a triangular 
extension downward and outward, makes a depression the entire 
length of the furrow slice. The bulbs are set in this and the next 
bout covers the first row and opens another 10 inches from it. 

DEPTH OF PLANTING. 

About the first question asked by the novice relates to the depth of 
setting bulbs used in decorative planting. English writers dwell on 

SURFACE OF GROUND 
r va SF Se 

Fie. 4.—Sketch showing the proper depth to plant various kinds of bulbs: A, Crocus; 
B, snowdrop; C, iris; D, gladiolus; H, tulip; F, narcissus; G, hyacinth; H, lily. 

this point and are explicit in their instructions. The accompanying 
diagram’ (fig. 4) is a useful guide in planting bulbs for decoration. 
A common rule is to set the bulbs at a depth 24 times their diameter. 
Such a rule, while useful to the novice, will be little followed by one 
having experience with bulbs. He will know by intuition and will 
vary the depth with varying conditions. He will set his bulbs deeper 
in hght than in heavy soil and in exposed than protected places. He 
will also set bulbs deeper in ground which heaves badly than in soil 

1 Adapted from Wight’s Pictorial Practical Bulb Growing. 

126953°—19—_2 
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which has more humus in its composition. Likewise, the intended 

application of litter later in the season will influence the depth of 
planting. 

In fact, the depth at which bulbs are set in commercial and decora- 
tive plantings is far from what occurs in nature, and they thrive at 
many varying depths. The point is emphasized in the case of many 
tulips which drop down 2 to 4 inches below the 4-inch level at which 
they are planted. It is not uncommon with us to have crocuses and 
tulips which are missed in the field come up the next season from a 
depth of 10 inches and flower perfectly. Indeed, there are indications 
that a great deal is still to be learned about the depth of planting, 
especially of tulips. There are accounts of tulips in Italy which have 
flowered perfectly for 12 to 15 years when planted a foot deep. There 

appears to be a corre- 
lation between deep 
planting and the per- 

manent performance of 
tulips which are not 

“a. Shifted annually. 

TREATMENT AFTER 
FLOWERING. 

Little attention need 

Yor be given to narcissus 
Be Alt KA bulbs after flowering 

fs Ponty ANNU except that for the best. Ww 2A A MANNGSAT EC RY I 5 

Fic. 5.—Removing the flowers before the petals fall in results they should be 
order to prevent seed production and the spread of the kept free of weeds, like 

ea a all other crops. With 
hyacinths and tulips, however, the matter is different. Here, it is 
necessary to remove the flowers, for the reason that there is an 
abundant seed production, which if allowed to develop would be at 
the expense of bulb growth. Again, with tulips it is imperative 
under certain conditions that no flower parts be allowed to fall upon 
the beds. Under seacoast conditions of humid atmosphere and heavy 
precipitation during the flowering season and immediately thereafter, 
the presence of fallen petals is very conducive to the development of 
the fungus Botrytis, the cause of the fire disease. It is therefore nec- 
essary in such situations to remove the flowers (fig. 5) before the 
petals fall. In varieties of narcissus which produce seed in abund- 
ance the removal of the flowers is, of course, advantageous. 

Gy Ae 
va ‘ 

ROGUING. 

In the process of handling bulbs, mixtures are certain to take place 
to a greater or less degree. The laborer may be careless, or a bulb 
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may roll off of one tray into another, or when bulbs follow bulbs in 
the rotation the ones accidentally missed in digging and the droppers 
to a large extent may come up in subsequent years, all producing a 
mixture of varieties. To prevent these so-called “rogues” atten- 
tion must be given at the time of flowering and they must be dug out. 
Were it not for the necessity of roguing when the flowers are fully 
open, other practices could be carried on in commercial work, such 
as cutting the flowers in the bud or not allowing them to open at all, 
and this would probably be a benefit to bulb production. However, 
in our work and in commercial work as well, certain benefits accrue 
in public appreciation which amply repay one for leaving the flowers 
until they begin to fade. This also allows the study and comparison 
of the different varieties, which in the rapid changes which take place 
in the relative merits of stocks due to constant improvement is all but 
imperative. 

HARVESTING THE FLOWERS. 

When there is a market for cut flowers from commercial bulb 
growing this is an added revenue. Indeed, in the Virginia bulb sec- 
tion the cut flower is the most profitable end of the business, and 
bulb production is purely secondary. The method of cutting the 
flowers is important. In the Virginia fields, where the stems of the 
narcissus, owing to the rather sudden advent of spring with attend- 
ant comparatively high temperatures, are short, the flower stem is 
pulled in gathering the flowers. In regions where the springs are 
cooler and the stems produced are longer they can be cut to better ad- 
vantage, and this method is better for the bulb crop. In harvesting 
flowers from tulips, care must be taken not to rob the bulb of its 
leafage. In most sections it is not practicable to harvest tulip flow- 

ers for sale, except to a limited extent from the robust late varieties 
which have a foot or more of stem above the upper leaf. In re- 
moving tulip flowers after they have faded no leafage is destroyed, 
only the flower and 2 or 3 inches of stem being removed. The hya- 
cinth spike of flowers is removed by severing the scape, or stem, with 
a knife. 

_ There is a possibility that a by-product in the form of an essential 
oil may be made an added source of revenue here. 

CULTIVATION. 

There is no uniformity of practice in cultivating Dutch bulbs in 
_ this country. In the Netherlands the hoe and the hand serve every 
purpose after the plants appear above ground. The hoe for the 
paths and hand weeding for the beds are universal practices. It is 
difficult to use a tool in plantings of bulbs only 6 inches apart. In 
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the work at Bellingham, Wash., however, both a narrow-bladed hoe 
and a 3-tined hoe have been used with good success, the latter while 
the weeds are small and the former afterwards. 

- At Bellingham the beds are left rough at planting time. They are 
covered by the dirt as it falls from the shovel and are left untouched 
until the planting is finished, when the cultivation is begun by raking 
the beds smooth with a hand rake. This raking is kept up as soil 
conditions permit until the appearance of the plants above ground 
prevents it. After this, practically no cultivation is attempted, but 
hand weeding is practiced and the paths between the beds are kept 
free from weeds by the use of the hand or wheel hoe. Before digging, 

Fic. 6.—Covering bulb beds in the Virginia region in late autumn with a plow. 

the beds are hoed off to get rid of the old leaves as well as the remain- 
ing weeds. This practice is not satisfactory and is particularly ex- 
pensive. 

In the fields in Virginia, where bulbs are grown in beds 18 inches 
wide with 18-inch walks between, the practice is not essentially ditf- 
ferent from that at Bellingham, but there the bulbs are not dug more 
often than once in three years. In autumn and early winter in that 
locality the beds are covered by turning a furrow each way from the 
paths, thus covering them with 3 or 4 inchesofsoil. (Fig.6.) Before 
the plants begin to push through in the spring the beds are gone over 
thoroughly with a spike-tooth harrow. After the tops die down the 
weeds are kept mowed and allowed to lie on the ground. 
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In the South, both horse and hand cultivation have been practiced, 
the bulbs being planted in rows 15 inches apart. There is little doubt 
that a method of planting and digging which will make possible the 
keeping down of weeds by some power other than the hand will 
prove decidedly advantageous. It is essential to get away from the 
practices of letting the weeds go after the plants are up, on the one 
hand, and of hand 
weeding after the 
plants are up, on the 
other. 

SESS ed 

ov 

RS : a 5 OS OE 

HARVESTING THE 

BULBS. 

Harvesting the crop 
of bulbs is another 
rather tedious opera- 
tion. (Fig. 7.) Thus 
far in the investiga- 
tions of the Department of Agriculture this harvesting has been 
purely handwork. The operator works on his knees with a light, 
short-handled spade. In the Netherlands a flat hand trowel is used, 

a tool which is not serviceable in our heavier soils. The proficient 
workman operates this with one hand and throws out the bulbs with 

the other, while the novice requires both hands in using the tool, 
letting go with one to 
pick up the bulbs. A 
day’s work in our 
silty soils consists on 
an average of about 
four 50-foot beds a 

day, and 50 to 75 per 
cent more on _ loose 

sandy soils. Tulip 
bulbs are put into 
small trays, which are 
shoved along the 
ground as the bed is 
dug. These are emp- 
tied into baskets or 

directly upon screen shakers (fig. 8), which sift out the greater part 
of the dirt. The bulbs are then transferred to the bulb house. Nar- 
cissi and hyacinths, except the smaller sizes, are dug like tulips, 
thrown into rows between the beds, and transferred to the bulb 
house later. The time allowed them to dry in this way will depend 

Fie. 7.—Digging bulbs. 

Fie. 8—A homemade shaker used to remove loose dirt 

from the bulbs after digging. 
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on the moisture present and the effect of the sun on the bulbs. Some 
varieties, and young bulbs especially, burn in a few hours and conse- 
quently must not be left exposed for any length of time. 

In the Virginia fields the narcissus bulbs are plowed out, the 18- 
inch bed being split, one-half being turned each way. The furrow 
slice is then raked with a tined hoe, to pull out the bulbs. We are 
informed that since the war the Netherlands also has resorted to a 
10-inch plow for digging, as in planting. There is no doubt that 
narcissi, especially the larger sizes, can be successfully harvested by 
machinery. In the department’s operations a potato digger was em- 
ployed one year, with rather poor success, though the writers do not 
feel satisfied that it received a thorough trial. The operation of 

planting unquestion- 
ably will have to be 
so adjusted as to per- 
mit digging by ma- 
chinery in commercial 
operations. 
Various suggestions 

have been made, but 
thus far experience 
has approved no 
process of harvesting 
bulbs with machines. 
It is understood, of 
course, that the use 

of machinery in dig- 
ging will necessarily 

change the method of planting, and virtually the entire scheme of 
operation. Both stationary and tractor engines have been suggested 
for power and a potato digger and plow operated by horses have been 
tried, but thus far nothing has been definitely decided for or against 
any power method. 

Cie 
LCCKaie 

Fig. 9.—Temporary storage of narcissus bulbs in an old 

barn. 

STORING AND CURING. 

Bulbs are stored and cured in specially constructed houses arranged 
with a view of getting the maximum of ventilation. The buildings 
are usually large and roomy, with doors (preferably in part of glass) 
reaching from ceiling to floor and occupying half of their walls. 
The interior arrangement of these houses varies. Sometimes they 
are equipped with stationary shelves a foot or more apart and 
about 3 to 4 feet wide, extending from floor to ceiling, with narrow 
alleyways between. (Fig. 9.) In other cases a stationary frame- 
work is built to receive removable trays. Occasionally this frame- 
work is constructed in units and is movable. Nurseries at Eureka, 



COMMERCIAL DUTCH-BULB CULTURE. 15 

Calif., are making their trays 3 by 9 feet and nesting them with the 
view eventually of handling by machinery a nest of 10 or more of 
these trays holding 3 bushels each. The Department of Agriculture 
has used both methods and prefers the tray which in the past has 
been 4 feet square. It is rather inclined to a 3-foot square, or possibly 
a 3 by 4 foot tray, for its purpose of handling a large number of 
varieties in moderate quantities. A 1-man tray may serve its ex- 
perimental purposes better than one adapted to the handling of large 
quantities of fewer varieties. 

The three classes of bulbs—tulips, narcissi, and hyacinths—re- 
quire different conditions for curing. They are consequently best 
handled in different compartments of the bulb house. The treat- 
ment which each class receives with reference to ventilation will vary 
not only with the class, but also with the general atmospheric con- 
dition of the region in which the bulbs are grown. Curing under 
seacoast conditions will require very different handling of the venti- 
lation from that 25 or even 10 miles inland. So variable and un- 
certain is this factor that experience under a particular environ- 
ment is necessary before directions, except of the most general char- 
acter, can be given. Experiences in handling tulips upon the grounds 
of the Department of Agriculture on Bellingham Bay and on those 
of private individuals in the Los Angeles region illustrate this fact. 
Tt is not at all unusual with us in a wet season to have small tulip 
bulbs on the shelves of the bulb house start to mold when only 2 to 
3 inches deep. On the other hand, a grower near Los Angeles cured 
his tulips last year in burlap sacks. The bulbs were placed as dug 
in sacks about three-fourths full and tied as though filled. These 
packages were flattened out on the floor of the storehouse and turned 
over two or three times while drying. Such handling would be dis- 
astrous under the humid conditions at Bellingham, _ 

Tulips go on the bulb-house shelves or trays as soon as they are 
dug, and always in thin layers. They should dry slowly. At Bel- 
lingham they are seldom dry enough to clean in less than two weeks, 
and it is quite possible that three weeks is the proper time for this 
process. During this period the bulbs should be kept well aerated, 
but free from draughts of air or wind and preferably not exposed 
to too strong light. When dry, the cleaning may begin and the 
bulbs returned to the shelves, but in deeper layers. After this, it 
should be the grower’s care to keep the bulbs from drying too much, 
on the one hand, or molding, on the other. Much less air is necessary 
than during the drying process, and the light should be strictly sub- 
dued. In other words, the bulb house must be so controlled that 
the bulbs will not dry out too rapidly or be exposed to draughts or 
to too strong light. Any of these conditions will cause the bulb 
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coats to split. A dry, cool basement or half basement would seem 
to be an ideal place for such storage, but in a region adapted to 
bulb culture any building in which the ventilation is under good 
control will answer the purpose. In any location in such a building, 
except possibly close to the roof, where the temperature gets too high, 
bulbs can be cured successfully. After being cleaned the bulbs re- 
main on the shelves in the bulb house until planting begins or until 
‘they are packed and sent to market. Sometimes the bulbs have been 
packed immediately after cleaning them, but it is better to leave 
them on the shelves and to box or sack the merchantable ones just 
before shipment is to take place. At times, when it is impossible to 
control light and air in the bulb house on account of being obliged 
to put tulips, narcissi, and hyacinths in the same compartment, 
it may be possible to cover the bulbs on the shelves with wheat chaff 
or buckwheat hulls. They keep very well in this way. Sometimes 

the shelves may be 
covered with burlap, 

may be hung in front 
of the shelves. 

Narcissus bulbs re- 
quire less care in 
their handling than 
those of the tulip, but 
it Is a very easy mat- 
ter to injure them, too. 
When dug they are 
usually thrown into 
windrows in the field. 
In the absence of sun 
they can remain there 

for several days without injury. It has been the practice at Belling- 
ham to let the larger bulbs have a few hours of sun, but in the Vir- 
ginia bulb region it is said that two hours of exposure to the sun at 
midday are very likely to ruin many varieties. In the Netherlands 
it is a common practice to cover the windrows of bulbs with a thin 
layer of sand. We usually cover them with the litter hoed off the 
beds before digging. (Fig. 10.) When the bulbs are finally placed 
upon the shelves they may be piled thicker than tulips, but the thick- 
ness of the pile should be governed by the moisture content of the 
bulbs. They will withstand more aeration than tulips. It is for this 
reason advisable not to handle the two kinds of bulbs in the same 
compartment of the bulb house. 

In practice, the curing, handling, and drying of narcissus bulbs 
are very likely to be done on a makeshift basis. In other words, 

Fic. 10.—Dug bulbs curing under litter from the beds. 

or burlap curtains - 
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tulips and hyacinths receive the best care and attention, while nar- 
cissi take the space that is left. At Bellingham it has been the 
practice to cure and store these bulbs in an open shed, a purely tem- 
porary structure, wherein the protection is barely enough to keep 
off sun and rain. Indeed, at times, owing to lack of space, even 
tulips have been cured under similar conditions with fairly good 
success, but after cleaning they have always been stored in a more 
careful manner. The conditions at Bellingham are possibly rather 
favorable to such a makeshift treatment. A dirt floor constantly 
moist and the influence of the near-by coast tend to mitigate the evil 
effect of too rapid drying. 

Hyacinths are allowed to remain in the windrow but a short time 
after digging, at most a day, and the small sizes not at all. The 
larger bulbs are well coated and protected with more or less dirt, 
so that in our situation they are not injured by a few hours’ sun. 
They may be brushed hghtly with a rough broom in the windrow 
and then put on the bulb-house shelves to dry. Experience shows 
that they need the airiest position in the bulb house, and on this 
account they should not here be stored or cured in open sheds with a 
dirt floor, though in many situations having a drier atmosphere 
such sheds might be sufficiently dry. As with tulips and narcissi, 
the aeration of the bulb house must be much more complete during 
the early stages of storing and curing hyacinths, on account of the 
large amount of superflous moisture. After two or three weeks in 
storage less air is necessary, but hyacinths require better aeration 

during their entire period of dormancy than the other two groups. 
The hyacinth is not only subject to molds in storage, like the other 
bulbs, but is prone to succumb much more quickly to storage rots, 
which are less prevalent when the bulbs are kept dry. 

The temperature of the storage room must necessarily be variable 
and bear a direct relation to moisture conditions. It is probable 
that the protection of an ordinarily constructed house properly con- 
trolled as to ventilation will afford suitable storage conditions in any 
region where bulbs can be successfully grown. <A stuffy, heated condi- 
tion close to the roof, however, would be detrimental, and the opposite 
extreme of dampness in a basement, half basement, or lower floor 
should also be avoided. In short, a bulb storage house requires daily 
attention. No formula can be given for its handling. The grower 
must study his conditions and become sufficiently conversant with the 
subject to Know what to do when the conditions in any portion of the 
house are not what they should be. The latitude in temperature per- 
missible in storage is indicated by Dutch practices with bulbs that 
are habitually subjected to artificial heat in order to hasten certain 
processes which take place during the dormant season. A distinct 

126953°—19——3 
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class of bulbs, based upon this artificial heating, known as “ Dutch 
prepared,” has been on the market for some years. These are noth- 
ing more than bulbs whose development has been forced by artificial 
heat while in storage. 

Very fundamental changes take place in bulbs while they lie 
“ dormant” on the shelves. Should one cut a large tulip bulb open 
through the growing point upon digging, as soon as the leaves have 
died down, he would probably be disappointed in not being able to 
find readily the flower bud; but by September 15, unless low tem- 
peratures have been maintained, the flower will have developed to 
half the length of the bulb, and by the first of November the flower 
may be actually protruding through the tip of the bulb. All this 
growth has taken place in storage and is of tremendous importance 
to the consumer, the florist, and the producer of bulbs, for future 
behavior is largely influenced by these changes which take place 
in the bulb house. The higher the temperature during storage the 
more rapid is the development of the flower spike; consequently, — 
the shorter the time necessary for it to come into blossom. A long 
period in storage produces similar results, so that a region which 
is able to dig its bulbs early will have bulbs that can be forced earlier 
than where they mature later and are consequently dug late. This 
fact is well brought out in comparative forcing tests of stocks grown 
in the Netherlands, in Bellingham, Wash., and in Eureka, Calif. 
Bulbs from the last-named locality are the earliest and the Holland- 
grown bulbs the latest to flower. The time was when our early 
forcing stocks were grown almost entirely in southern France the 
year previous to their importation. Now earliness is brought about 
in Holland-grown (late-dug) bulbs by a process of forcing in stor- 
age. The indications are that, by the selection of the locality, we 
can produce in this country the equal of the “ Dutch prepared” or 
French stocks without resorting to artificial processes. _ 

This all means that to the commercial grower the temperature of 
his bulb house will be such as is natural in the region from July to 
October, coupled with proper moisture control, and that the higher 
the temperature the shorter the time the bulbs can be held out of 
the ground, for after the flower begins to push out of the bulb de- 
terioration takes place very rapidly. 

CLEANING. 

As practiced in the Netherlands cleaning is one of the tedious 
processes of bulb culture, as it is hand labor exclusively. A great 
deal of it, however, can be accelerated by the aid of simple ma- 
chinery. When one has but few bulbs the operation may be done 
by hand, but with lots of several thousand bulbs simple devices are 
time savers. 
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In the work of the Department of Agriculture at Bellingham, tulip 
bulbs are placed in boxes, which are moved along by the digger. No 
effort is made at this time to get rid of the dirt. About a bushel of the 
bulbs are then shaken lightly in a homemade shaker which has a quar- 
ter-inch wire-mesh bottom (see fig. 8), and the loose dirt is thus re- 
moved. After drying, the bulbs are taken from the shelves to 
tables and picked over by hand. This process consists in breaking 
the clumps of bulbs apart and removing the old scales and _ bases. 
Of late, much labor has been saved by passing the bulbs over a 
5-centimeter to 7-cen- 
timeter screen before 
hand picking. Allthe 
smaller loose bulbs 
and some scales and 
dirt are thus elimi- 
nated. These bulblets 
are then passed 
through a blower 
(fanning mill), when 
they are ready for 
planting, the large 
bulbs and clumps (fig. 
11) being the only 
ones worked over by 

hand. This simple 
device of sieving out 
the smaller sizes re- 
duces the handwork 
in cleaning tulips 
nearly one-half. The 
sieves used are made 

Oi parchment, and Fig. 11.—Bulbs of a Darwin tulip, showing a normal 

the blower is padded reproduction of two flowering bulbs and four smaller 

ones. 
with canvas to protect 
the bulbs. Extreme care is necessary in all of these operations lest 
the bulb be bruised. 

Narcissus bulbs, except the smaller sizes, which go into the bulb 
house immediately on being dug, are thrown into windrows, allowed 
to dry a few hours, and then covered with débris to prevent injury 
from the sun. Later they are sieved, like the tulips, and placed in 
the bulb house or in open sheds on trays or shelves. After the roots 
are dry the bulbs are worked over by hand to break the clumps apart. 
In some cases the roots are pulled off also, but it is questionable 
whether anything is gained in taking time for this. There was a 

time when the narcissus bulbs which were imported into this coun- 
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try were thus carefully cleaned, but this practice has been abandoned 
for the past two or three years. 
Much time may be saved in the handling of narcissus bulbs by a 

little judicious planning based on the characteristics of each variety. 
As an example, when the bulbs of the bicolor Empress are on the 
cleaning tables, the easiest way to handle them is to break off and 
throw to one side, by hand of course, the increase, leaving the large 
bulbs on the table to be handled later with a shovel. With bicolor 
Victoria, however, where there is likely to be a large number of small 
bulblets, the easiest way is to pick out the large bulbs by hand and 
leave the small ones on the tables, to be shoveled up later and put 
through a blower to take out old scales and other extraneous matter. 
In the same way, the characteristics of the different varieties must be 
taken into consideration in handling the bulbs expeditiously. This 
is as true of tulips as of narcissi. The cleaning of the Cardinal’s 
Hat variety should be done very differently itgesth the Proserpine or 
Double Early Titian. 

Hyacinths when dried are gone over carefully by hand, eae 
for the purpose of culling avin than cleaning and separe ae them, 
for there is no splitting in the ordinary propagation of these bulbs. 
The main process of this kind occurs the first year, when the bulblets 
are separated from the mother-bulb clump. Often the older bulbs 
are left to le in the rows for a day and then are swept with a broom 
before being put on the shelves. The smaller sizes, however, go 
directly to the bulb-house shelves, like tulips. The most difficult 
job of cleaning in the case of the hyacinth occurs the first autumn 
after propagation. At this time the bulblets come out of the ground 
in a clump interlaid with the old bulb scales, which still hold to- 
gether more or less tightly. Usually the separation of this clump 
is done entirely by hand, each bulblet being picked out individually. 
This work can be very much simplified. The clumps must be broken 
up by hand, though it is not necessary to pick up the bulblets indi- 
vidually ; but after the separation the whole mass can be put through 
a good blower (a fanning mill properly padded), when the stock will 
be rendered ready to plant. After the first ors the work on the 
bulbs in the bulb house need consist of only a “pawing over” the 
shelves to pick out imperfect and diseased and rotted bor. 

SIZING. 

The Dutch grower, with high-priced land and low-priced labor, 
probably sizes his bulbs closer than the commercial grower in this 
country ever will. In the work of the Department of Agriculture 
the sizing has been rather closely done also, and, indeed, the Dutch 
methods have been employed in greater part with most of our 
work. 
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The sizes of bulbs as employed in the descriptions of commercial 
varieties are likely to be confusing to an American, for two reasons: 
(1) The metric system is used, and (2) the listings are for bulb cir- 

cumference instead of diameters, as practiced with freesias in Cali- 
fornia. Since all business is done on this basis the prospective bulb 
grower must accustom himself to these terms. Indeed, the matter is 
not really complicated. The sizes of foreign-grown bulbs are always 
given in centimeters, abbreviated to “cm.” To translate the centi- 
meter into inches one needs only to divide by 24. This gives the cir- 
cumference in inches. If one wishes to arrive at the diameter, a fur- 
ther division by 3 will give the approximate result. For instance, a 15 
em. bulb will have a circumference of 6 and a diameter of 2 inches. 

The sizes of bulbs as used in commercial culture vary with each 
grower, and even may vary from year to year with the same grower, 
depending upon the land available, the fertility of soil, and other 
factors. In short, his 
grades are matters of 

size, and size isa mat- 
ter largely of conveni- 
ence and varies with 
fertility, age, variety, 
ete: 

In the work of the 
Department of Agri- 
culture approximate 
sizes have been adopt- 
ed. These relate en- 
tirely to the growing end of the business and do not enter into com- 
merce. The sizing thus far has been done mainly by the conventional 
circular nesting sieves of the Netherlands. These have parchment 
screens and are operated by being shaken in the hand or, when nested, 
ina hand shaker, several sizes then being sorted at once. This method 
works well for small quantities of bulbs. For large quantities other 
forms of machines are in use. One recently constructed is a revolving 
drum of parchment, its operation being not essentially different from 
a gravel screen. The most commonly used machine, however, consists 
of an oscillating plane made up of a series of sieves placed end 
to end with suitable chutes on either side to receive the different 
sizes. (Fig. 12.) 

This matter of sizing machinery will require the attention of im- 
plement manufacturers, and there is little doubt that the need will 
be met as the occasion demands. ‘The essentials are separating 
sieves, an operation that will not bruise the bulbs, and a good blower. 

The parchment screens are made with perforations 3 to 24 centi- 
meters in circumference. In the sizing of tulips we have employed 

Ivig. 12.—A bulb sizer used extensively in the Netherlands 
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mostly the 18, 12, 10, 7, and 5 centimeter sieves, those bulbs caught by 
the 18-centimeter sieve being designated as size 1, those caught by a 12- 
centimeter sieve as size 2, etc. This gives six sizes, the last being 
those bulbs passing through the 5-centimeter sieve. Again, with tu- 
lips we employ another size, designated as “toppers,” which are 
occasionally taken out by a 14-centimeter sieve. This size, however, 
is seldom used except when it is necessary to keep the larger bulbs of 
some varieties for propagation at the time the stocks are disposed of. 

The separation of narcissus bulbs is accomplished by the use of the 
16, 14, 12, 10, 7, and 5 centimeter sieves, the first size being the largest 
bulb. In the sizing of hyacinths the same sieves are used, plus an 
18-centimeter sieve, which here is designated as size 1. 

ADVANTAGES OF SIZING. 

The sizing just specified, as stated elsewhere, is purely a matter of 
private concern and does not enter into commerce at all, being 
merely for the use of the grower. The only object served in this 
close sizing is to facilitate planting. It enables the grower to dis- 
tribute plant material evenly over his ground, thus securing the 

maximum of economy. A grower will have bulbs of several sizes of 
one variety and, of course, will plant the smaller bulbs more thickly 
than the larger ones. 

In practice, it is seldom that one variety is separated into as many 

sizes as have been listed here, but in order to illustrate more fully the 
use of sizing let us suppose that a variety of narcissus, for instance, 
has been so separated, that the land is laid off, the first bed opened, 
raked down, and marked, as described elsewhere. The largest sized 
bulbs will then be planted 7 to the row across a conventional 3-foot 
bed; the next size, 9 to the row, and the third size, 11 to the row. 
These, with us, are all planted singly, uniform distances apart, and 
set upright. The fourth size, or that caught by a 10-centimeter sieve, 
will be planted 14 to the row, but in seven clusters of two each, the 
bulbs in any position they happen to be. The next size will 
be planted similarly, three in each of seven clusters. The sixth size 
is again similar ly placed in seven clusters of five each. The seventh, 
or smallest size, is planted 50 to the row, the bulbs being drilled uni- 
formly along ‘ahs 3-foot mark. 

CULLING. 

One of the most important operations—in reality a series of 
operations—in bulb culture is that of getting rid of undesirable 
plants. Successful bulb culture must be a constant process of selec- 
tion or the reverse, elimination, for it is only by constant elimination 

of the undesirables that the stock can be kept up. The large amount 
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of handwork involved contributes directly to the possibility of doing 
a large part of this culling. 

The time when culling can be done to best advantage is while the 
bulbs are in the bulb house. At this time all imperfect and ques- 
tionable individuals should be ruthlessly rejected. No stock should 
be planted which is under suspicion of disease. On the other hand, 
especially while the grower is working up his stocks, it is necessary to 
distinguish between imperfections which will result simply in a re- 
duced yield and those which may cause contamination. Tor instance, 
a skinned tulip bulb, even when slightly moldy, may and probably 
will produce perfectly healthy, although smaller, bulbs than those 
planted. A healthy reproduction may often occur even when there 
is no top growth. Consequently, 
it may be highly desirable often 
to plant bulbs which are of very 

bad appearance, provided they 

are not infested with a noxious 
disease or with insects. Such 
tulip bulbs will produce again. 
Narcissus bulbs affected with the 
narcissus fly, however, should be 
destroyed wherever found; but, 
even here, one bulb of a clump 
affected by the fly does not reduce 
in the least the value of the other 
bulbs. 

This process of culling should 
be going on constantly. Beds 
should be rogued at blossoming’ 
time, weak plants should be destroyed during the growing season, and 
bulbs of poor quality or found to be infested should be culled out of 
stocks either in storage or in the field whenever and wherever 
detected. 

PROPAGATION. 

Fig. 13.—Narcissus bulbs, showing a good 
propagation in the Sir Watkin variety. 

All of the classes of Dutch bulbs described in this bulletin can be 
propagated from seed, but this form of reproduction is used only 

by the breeder. 
The writers prefer to plant the seed in the autumn in a well- 

prepared seed bed in a coldframe. The seed should be put in one- 
half inch deep and mulched with litter, which is removed before the 
growing season opens. Special care should be exercised to see that 
there is a constant supply of moisture, so as to prevent the seed from 
drying out at any time, ; 

Tulips, narcissi, and hyacinths reproduce naturally in another 
way also. Upon reaching maturity the bulbs divide into two or 
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more (figs. 11 and 13), which are removed and grown to flowering 
size. The degree of splitting varies greatly, even in members of the 
same genus, and is modified by both cultural and handling methods. 
In practice, this is the commercial method of increasing the stocks of 
tulips and narcissi, and to some extent of hyacinths. The repro- 
duction of the narcissus by this method will mean approximately 
a doubling each year. In the case of Darwin tulips about an 80 per 
cent Increase each year may be expected, and in single early tulips 
a little less than this. So many factors are involved that it is very 
difficult to give exact figures. 

While the propagation of the Roman hyacinth is essentially the 
same as that of the narcissus, the Dutch hyacinth is reproduced by a 

Fie. 14.—A scooped hyacinth bulb ready to ig. 15.—A scored hyacinth bulb ready to 
be planted after in incubation period of be planted after an incubation period of 
three months in artificial heat. three months in artificial heat. 

very artificial process. It consists essentially of the destruction of 
the growing point of the bulb, causing the development of many 
growing points on the callused edges of the severed scales. Two forms 
of this artificial reproduction are practiced. One known as the 
“ scooping” method (fig. 14) consists of cutting out a convex section 
of the bulb base, removing the basal plate entirely and making the cut 
parallel to its upper surface. This is done with a curved scalpel or 
a round-bowled spoon sharpened on the edges. The other, known as 
the “scoring” method (fig. 15), consists of making two to four cuts 
with a sharp knife across the base of the bulb, each cut being the 
diameter of the circular base and passing entirely through the basal 
plate and intersecting the other cuts in the growing point, which is 
destroyed. 

It is a common practice to dip the cut surface of the scooped bulbs 
in a little air-slaked lime mixed with dry sand to hasten their drying 
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and prevent the growth of molds. As soon as the bulbs have been 
prepared by these methods they are placed in a room in which the 
temperature and moisture are under control. Some withhold heat 
for a time, simply keeping the bulbs in atmospheric temperatures; 
others apply a little heat immediately; but in either case a compara- 
tively dry atmosphere is essential until the cut surfaces are callused. 
This takes from 10 days to two weeks. Too rapid desiccation during 
this period, however, must be avoided, or the center of the bulb will 
be injured. After callusing, the bulbs are kept in an artificial tem- 
perature and a high humidity for about three months. The tempera- 
ture will vary widely, between 70° and 90° F., the object being to get 
a maximum development of bulblets without causing the bulbs to be 
forced into excessive leaf growth. 

It is a common practice to bury the scored bulbs under ordinary 
field conditions for 10 days or two weeks and then bring them into 
the propagating house 
(fig. 16). 
At the end of the 

period of incubation, 
which will be early 
October, the propa- 
gated bulbs are plant- 
ed in the same way 
as untreated bulbs. 

The rate of increase 
will vary not only 
with the method of F16. 16.—Scored hyacinth bulbs set in the open ground 

2 ready to be covered with earth preparatory to being 

cutting the bulbs, but. propagated in ten days or two weeks. 

also with the variety. Scooping gives a comparatively large 
number of uniform small bulblets, while the scored method pro- 

duces a smaller number of bulblets much less uniform in size but 
much larger. The former method is much more favored on account 
of the more uniform progeny, but it requires a longer time to bring 
the bulblets to maturity. In practice, all bulbs with perfect round 
bases are scooped, while those of such a character that they would 
not hold together if the bases were cut out are scored. In scored 
bulbs an average of 15 bulblets would be considered satisfactory, as 
would 35 in scooped bulbs, but the number of bulbletis may run as high 

as 80 with the former and 60 to 100 with the latter treatment. 
One decided advantage of scooping is its usefulness in detecting 

diseases. By this method the base of each scale of the bulb is exposed 
to a clear view when the basal plate of the bulb is scooped out. If any 
doubt exists after this it is customary to nose the bulb also. This con- 

sists in cutting off a small portion of the tip of the bulb as well, thus 
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exposing the live tissue of both ends of many of the layers. This 
gives a very effective check on both yellows and nematodes, the causes 
of the two serious maladies of these bulbs. 

The building suitable for propagation is a simple affair in which 
heat, moisture, and ventilation are under control. At present the 
department’s work is done in a boarded-up room in the basement of 
the bulb storage house, in which has been installed a hot-water heat- 
ing system. Light seems to be a factor of little consequence, except 
that provision should be made for good artificial light for use when 
examining the bulbs. At present most houses in the Netherlands are 

constructed without glazing. We 
have good success also without 
lighting. 

The bulbs are supported upon 
trays with wire bottoms, which 
are arranged in racks at dis- 
tances of about a foot apart. 

Chicken wire stretched over 
frames about 3 feet square an- 
swers the purpose very well. 
This permits the freest circula- 
tion of air around the bulbs. 

DETERMINATION OF FLOWER- 
ING QUALITY. 

For our purposes a bulb may 

Fie. 17.—A mature hyacinth bulb cut pe logised! pon a Se SOIREE 
open to show the well-developed flower Plant which contains the evi- 

spike abstie-time of planting: dence of its qualities within itself. 
The grower in his planting, but more especially in his selling, must 
be able to decide with a great deal of accuracy just what bulbs will 
flower the succeeding year. This ability is gained very largely by 
experience, but certain indications can be learned in the abstract. 

The bulbs of the tulip, narcissus, and hyacinth have within them, 
perfectly formed, the flower spike for the next year’s blossoms, and 
by the sacrifice of a few bulbs one can get a very good idea of the 
quality of the bulbs before they are planted. 

Hyacinth bulbs are utilized for ornamentation from about 12 centi- 
meters upward, the miniatures being usually about this size. They 
will flower at a much smaller size, but the number of bells will be 
progressively more numerous and larger as the bulb increases in 

growth. (Fig. 17.) 
In the case of the narcissus the varieties are so variable in the 

size of the bulb that for the uninitiated the safest plan is always to 
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dissect a few bulbs. A single case will illustrate the difference in 
behavior. In bicolor Victoria at Bellingham in 1917 an 11-centimeter 
bulb was required to insure flowering the next season. Below this, 
three or four sizes could be separated with ease. In the Sir Watkin 
variety many bulbs passing through a 7-centimeter sieve would flower. 
There is little difference in the size of the full-grown bulbs of these 
two varieties, although they are very different in appearance. 

The tulip, on the other hand, bears indications of future perform- 
ance on its exterior. Besides the size indication, there are still 
others. In the department’s work tulip bulbs caught by a 13- 
centimeter sieve have been recognized as the first commercial size 
and those caught by a 12-centimeter sieve as the second size. Both 
of these are flowering sizes and merchantable bulbs. Beyond these, 
there is still another size taken out by a 14-centimeter sieve, which 
is designated “toppers.” This class the commercial grower usually 
should not sell but use as propagating stock, for it is here that he 
gets his strong and numerous progenies, and by using these toppers 
the grower is constantly conducting a selection of value. It is not 
to be understood that sizes smaller than 12 centimeters will not 
flower. Far from it, for bulbs as small as 8 centimeters in size could 
be picked out which will flower well, especially of such varieties as 
the Artus and the Sir Thomas Moore. 

It is to be taken for granted that bulbs of the same size in the 
same variety will have practically the same flowering qualities, espe- 
cially if produced under the same conditions. If, then, when a certain 
size of bulbs has been segregated it is found that some of them 
flowered the current year the assumption that all will flower the next 
year is justified. The bulb of every tulip which flowered the current 
year bears the evidence of it on its front side. If the base of the old 
flower stalk is not present, a groove marking its position is always 
discernible. 

The bulb which will flower next year but which did not flower the 
current season can always be recognized by its more round appear- 
ance and long neck. Previous to flowering the bulb of a tulip pro- 
duces a single but very strong leaf, the base of which is continuous 
with the outer coat of the bulb. A portion of this leaf base persists, 
forming the long neck. 
A word of caution is necessary regarding attempts to determine 

the flowering quality of bulbs by cutting them open. Here, the con- 
sumer of bulbs has a decided advantage over the producer. As has 
been stated, the flower bud develops wonderfully in storage. The 
uninitiated may arrive at an entirely erroneous conclusion if he dis- 
sects them even late in the season when they have been held at a low 
temperature, but under ordinary conditions there should be no diffi- 
culty in finding the flower at planting time. 
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PACKING BULBS. 

Bulbs in large bulk are prone to sweat and are easily bruised and 
mashed against the sides of the containers. For these reasons it is 
necessary to make shipments in some fine packing material that will 
sift in between the bulbs. Several substances are employed for the 
purpose, but grain chaff is most commonly used. Buckwheat hulls 
are preferred to all other materials, and rice chaff is a close second. 
Wheat chaff and chopped straw, while usable for a moderate time, 
are inclined to absorb moisture under moist atmospheric conditions. 
Sawdust has at times been employed, but has not always proved satis- 
factory. It is better when old and weathered, especially if free from 
turpentine and thoroughly dry. Redwood sawdust would probably 
be much better than other kinds, but the writers know of no experi- 
ence with it. In some instances peat and finely broken up sphagnum 
have been employed. 

Tulip bulbs.are commonly packed in paper bags containing about 
250 and the requisite quantity of hulls and then are shipped in crates - 
holding 2,000 to 5,000 bulbs. Hyacinths are handled in much the 
same way as tulips, and so also are many varieties of narcissus, but 
the commoner, hardier varieties of the latter are more often for- 
warded in slatted crates holding 2,000 to 5,000 bulbs or more, with no 
packing materials. Sometimes hyacinths are forwarded in the same 
way. 

Since 1917 the shipping of bulbs from the Netherlands has been’ 
attended with many difficulties, and they have arrived in all sorts of 
conditions. Probably owing to the difficulty of securing packing ma- 
terials, but little was used. Hundreds of cases were a complete loss, 
and the commoner narcissus, which is usually shipped without pack- 
ing, appeared to suffer about as much as the tulips and hyacinths. 
Indeed, tulips, mostly without packing material, have come through 
in the past two years in good condition. Much depends upon the 
position of the cases in the holds of the vessels and the length of time 
in transit. A large unaerated package is dangerous with any bulbs, 
since some heating is bound to occur; consequently, root action starts 

and very soon decomposition sets in. 

SHIPPING BULBS. 

The experience of the Department of Agriculture in the shipment 
of the bulbs of both the tulip and narcissus has been uniformly sat- 
isfactory. The latter have been shipped in citrus crates without 
packing. Tulips were put up one year in cloth sacks packed with 
buckwheat hulls, about 250 to the sack, and crated in slatted crates 
holding about 20 of the sacks. The past season 125,000 tulips were 
put up loose in buckwheat hulls in tight wooden boxes holding about 
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1,000 bulbs each. The stocks were well cured and came through by the 
northern route from Bellingham, Wash., to Washington, D. C., in 
perfect condition. Some of them were left in the boxes for two 
months, but at that time the packing material was slightly discol- 
ored, showing that this was about the limit of their endurance in 
these tight packages. They would not stand it as long, of course, 
by the southern route. The citrus crate for narcissi is satisfactory, 
provided there is no handling en route. Where there is any handling 
or shifting of the load it is too light. Im car lots with little handling, 
however, the package is ideal, as the crate insures sufficient aeration. 

BULB GROWING FOR PLEASURE. 

Little need be said regarding bulb growing for pleasure, for the 
subject is a popular one and it has been covered so often and so well 
that little can be added. Naturally the purchaser of bulbs in a 
small way turns to the catalogues of some reputable seedsman who 
imports in large quantities for each autumn’s distribution. Long 
experience has crystallized the cultural directions given in these pub- 
lications. Some firms issue general directions covering all classes 
of bulbs, which are most valuable compendiums of information. 
Besides these there are plenty of publications which treat the sub- 
ject exhaustively. (See page 47.) 

OUT-OF-DOOR CULTURE.- 

In out-of-door decoration the average man uses bulbs in quan- 
tities of dozens or hundreds, planting them in formal beds or placing 
them carelessly in clumps, in borders among shrubbery, etc., where the 
result is more pleasing than in formal arrangements unless the beds 
are extensive enough to give a mass effect. An endless variety of 
effects is obtainable, depending upon individual taste, the disposi- 
tion of other plantings, the configuration of the land, the exposure, 
and many other factors. Most landscape artists advise distributing 
bulbs in clumps of a half dozen to a thousand or more, depending 
upon the size of the grounds and the effect desired. A maxim that 
can always be kept in mind is that there is always the danger of not 
planting enough and seldom of planting too many. 
To simplify directions, it is safe to cover the bulbs of the narcissus, 

tulip, and hyacinth 8 to 4 inches to the top of the bulb and to mulch 
all of them, except tulips on humid coasts where the fire disease is 

likely to be prevalent. Here, even, the flowers of tulips should be 
cut off before the petals drop, and clean culture should be prac- 
ticed. 

The naturalizing of the narcissus in grassy places and among 
shrubbery, etc., is an exceedingly attractive venture, many varieties 
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succeeding admirably when handled in this way. The bulbs are set 
with a dibble, trowel, or mattock. Usually, if time permits, it is bet- 
ter to remove the sod and give the ground a good digging, and, if 
naturally poor, fertilizer deeply incorporated is added. Regarding 
fertility it may be said that good garden soil is well adapted to the 
narcissus, but one will commonly succeed better in lean soil than 
with one loaded up with manures. Under the latter condition bulbs 
are likely to decay, even though the manure may be what is com- 
monly termed “well rotted.” We in this country have not yet ac- 
quired the habit of spading our ground two spades deep, as they do 
in foreign countries, thus putting our manure 3 to 6 inches below 
the bulbs. This kind of treatment on lean soil would furnish ideal 
conditions for the longevity of narcissus bulbs. 

Narcissus beds and borders will usually improve if left alone until 
about the third or fourth year and then will deteriorate gradually. 
In grass where they have greater competition with other vegetation 
the multiplication is not so rapid and the crowding of the progeny is - 
longer deferred, and if the variety is well adapted to this treatment 
it does not occur at all. Crowding can also be delayed by planting 
bulbs of the smallest size that will flower. The commercial bulbs 
of the second size are very suitable, but under no condition should 
double-nosed bulbs be bought if intended for permanent plantings. 
The narcissus in grassy places must be left undisturbed each year 
until the foliage begins to turn color well in the first half of June, 
then mowing can take place. The grass will have headed out by 
this time, and it will be necessary to go over it with a sharp scythe 
before the mower will do good work. 

Better success usually will be had with tulips and hyacinths if 
they are lifted each year at the time the foliage matures. If sec- 
ond or third sized bulbs are planted, however, they will give good re- 
sults the second year and will be satisfactory even the third year, 
while occasionally they are reported as successful even longer than 
that. Usually, however, tulips and hyacinths should be lifted each 
year. With the tulips, as with lilies and crocuses, there is the added 
danger from mice, which are very fond of the bulbs and destroy 
quantities of them when left semipermanently. There is much less 
danger from this source when the ground is thoroughly dug, thus 
destroying the runways of the mice in the autumn, and the bulbs are 
dug again in June. 

In formal beds it is usually necessary to remove the bulb crop 
after flowering, in order that other bedding plants may be inserted. 
Commonly the bulbs are rooted out and thrown away, but this prac- 
tice is simply another wasteful American habit that should be dis- 
continued. The bulbs should be carefully lifted with as little injury 
as possible to roots and leaves and heeled in in some good situation, 
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to continue their development until digging time. If the job is care- 
fully done the resultant bulbs will be but little inferior the next year, 
while in regions adapted to the production of bulbs if given a year 
of proper treatment they will entirely recover. 

Tt is often possible and desirable to use carpeting plants, such as 
pansies, arabis, and phlox, to add to the mass of color or to prolong 

Fic. 19.—A pot of crocuses showing the 
Tic. 18.—A pot of hyacinths showing time they are brought under forcing 

the right kind of root development at right kind of top development at the 

the time they are brought into full heat. conditions. 

the season, when the bulbs may be allowed to ripen in place and be 
lifted, and still later bedding plants may be put in. If the bulbs 
are set deep it is quite possible to spade or fork the ground shallowly 
without disturbing the bulbs and to grow any shallow-rooted crop 
for ornament or profit. We have 
known cowpeas to be planted to 

improve the soil and keep down _ 
weeds. These can be put in be- & ’ 
tween the plants after the flowers 
have faded. 

INDOOR CULTURE. 

While the florist successfully mate 

forces millions of narcissi, tulips, Fic. 20.—A pot of hyacinths showing a 

and hyacinths each season to sup- Minimum of top development at the time 
z they are taken out of the heeling ground. 

ply the cut-flower market, the 
housewife fails as often as she succeeds with bulbs in the house. Tf, 

however, a proper selection of bulbs is made and certain requirements y] 

obtain, which are possibly more easily stated than found in an ordi- 

nary home, success will be assured. There are three conditions to be 
met. The first is to root the bulbs well before bringing them into 
heat (figs. 18, 19, and 20) ; the second, to keep the temperature down; > 19; ; ? I ) 
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and the third, to keep the atmosphere moist. A little experience will 
enable one to meet the first condition, but our American homes are 
usually both too hot and too dry for the best growth of bulbs. The 
heat requirement can be met by selecting, preferably, an east window 
away from radiators or heating pipes; by covering the soil in the 
pots with either commercial moss or living moss from the woods 
greater evaporation will be induced. Avoid haste to get the flowers 
into blossom. Indeed, very good advice to one without experience is 
not to attempt to bring forced bulbs into flower earlier than the 
middle or, better, the last of February. As experience is gained the 
time can be shortened. Another good piece of advice is to give the 
bulbs not less than eight weeks for rooting and then to bring them 
into a cool cellar and introduce them to heat gradually. 
Good garden soil will generally be used by the housewife for pots 

containing bulbs. Well-rotted manure and sand or decayed turfy 
loam and a little bone meal may be profitably employed if the garden 
soil is poor. It should be borne in mind, though, that the three con-- 
ditions just specified are of even greater importance for the flowering 
of the bulbs than an abundance of plant food, which is of more 
service in building up the bulbs for the succeeding year’s perform- 
ance. 

After the bulbs are potted they are usually buried out of doors or 
covered with earth, litter, ashes, etc., for a period of 8 or, preferably, 
10 weeks, where they will be kept cool and moist and prevented from 
freezing. When the roots are sufficiently developed they are brought 
into a cool cellar for 10 days or two weeks and then into the living 
room, thus coming into heat’ gradually. 

In writing directions for amateur bulb growers it is customary to 
insist on good drainage in the pot culture of bulbs in earth and then 
in the same breath to advise growing them in water without any 
drainage. This latter method is successful with many varieties. To 
assist In keeping the bulbs in place in bowls in water without drain- 
age, gravel, pebbles, coal, or sphagnum moss are used, and it is de- 
sirable to add charcoal and crushed oyster shells or a little coarsely 
ground bone. After the roots begin to form, the bowl is easily in- 
verted by holding the hand under it to drain out the water. This 
change of water should take place weekly at least. The same pre- 
cautions are necessary to have the bulbs well rooted before they are 
brought into heat. The rooting can take place in a cool dark cellar, 
attic, or any other suitable and convenient situation. The plants 
most commonly grown in this way are the Chinese sacred lily, Paper- 
white narcissus, and hyacinths, although many varieties of tulips 
and species of other genera succeed. It takes more experience and 
care to force tulips than varieties of the other two genera. 

——— 
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The commercial forcing of bulbous stocks need not be considered 
here, for the grower will refer to the columns of the trade papers, 
where special departments in charge of experts keep growers in- 
formed of the most approved methods of handling bulbs, based upon 
long experience. 

MISCELLANEOUS BULBS. 

Besides tulips, narcissi, and hyacinths, scores of other bulbous 
stocks are offered for sale as Dutch bulbs. They are of easy and 
profitable culture and can be readily grown by methods similar to 
those employed with the others. Importers and seedsmen handle 
some or all of them each autumn, and some of the varieties are within 
the reach of all. Some of these groups deserve a bulletin to them- 
selves. All of them can be produced in this country. Of those which 
are especially easy of culture the following may be mentioned: 
Chionodoxa (glory-of-the-snow) ; eranthis (winter aconite) ; crocus; 
anthericum (St. Bernard’s-lily and St. Bruno’s-lily); galanthus 
(snowdrop) ; Spanish, English, Dutch, and oncocyclus iris; Helle- 
borus (Christmas and Lenten roses); montbretia; muscari (grape 
hyacinths); scilla; camassia; leucojum (snowflake); puschkinia; 

triteleia; ornithogalum (star of Bethlehem). 

- BULB PESTS. 

During the past 10 years the Department of Agriculture has im- 
ported Dutch bulbs annually. While an effort has constantly been 
made to get clean stocks, there has been no way of compelling compli- 
ance with its injunctions in this respect. So far as can be deter- 
mined the stocks secured have been no better than the ordinary com- 
mercial importations. It is believed, therefore, that we have had a 
good chance to get all the maladies to which bulbs are heir. This 
brief statement given here relates only to those maladies with which 
we have had to deal. 

INSECTS. 

For years the most talked-of bulb pest has been the narcissus fly 
(Merodon equestris). This insect can be detected late in autumn 
by the “ feel ” of the bulb, the affected bulb being lighter in weight 
than the healthy ones and soft. If squeezed between the thumb and 
forefinger the larva, or maggot, half an inch in length and a trifle 
less than one-fourth inch in diameter, will commonly be forced out 
of the neck. Usually but one maggot is ina bulb. [Tf late planting 
occurs there is an opportunity at that time to pick the bulbs over and 
destroy those affected. Again, in early spring, as the plants are com- 
ing through the soil and up to the time they are 4 or 5 inches high, 
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affected bulbs can be distinguished with a considerable degree of 
certainty. Weak plants or those failing to come at that season can 
be dug out and destroyed. This is not a difficult task, and at this 
time a few days spent in going over the beds will pay big dividends. 
The time for doing this work, however, is short, as the larva leaves 
the bulb for the ground shortly after the plants come up. This 
method of detection of these flies is applicable only when annual 
lifting is practiced. 

Another common insect, which inhabits not only the narcissus but 
tulips commonly and hyacinths and scillas less frequently, is the 
lesser narcissus fly (Kumeris strigatus). In digging the weak bulbs 
in the spring, particularly if they contain bulbs decaying from any 
cause, the larva, or maggot, of this insect is likely to be more preva- 
lent than that of the other. It is a small yellowish white maggot, 
somewhat larger than that of the ordinary house fly, and several to 
a score or more may be found in a single bulb. When first encoun- 
tered this discovery is lkely to create great alarm, but it is ques- 
tionable whether this fly really does injury. The evidence in the 
literature from British sources seems to indicate that the insect is 
saprophytic and follows when the bulb dies and decays. One caging 
made at Bellingham seems to substantiate this view, since the insects 
failed to attack healthy bulbs. 

FIRE DISEASE OF THE TULIP. 

The tulip with us has been remarkably free from serious pests. 
But one disease of consequence has appeared. This is the fire dis- 
ease, caused by a mold (Botrytis parasitica). This ubiquitous or- 
ganism is always with us at Bellingham, and no doubt some injury 
is done by it. It is more prevalent upon the Darwins than any 
other variety, their leaves and petals being nearly always affected to 
some extent, but never very seriously so far as the general variety 
is concerned, although we have been alarmed some seasons. The 
season of 1916 was no exception, nor was that of 1917, but the same 
stock which was affected both years at Bellingham was unaffected 
when grown in the District of Columbia in 1917 and was reported 
without infestation at Eureka, Calif. 
We are now on the immediate bay shore and are of the opinion 

that 3 miles back from the coast we will suffer less. Humid con- 
ditions and the presence of decaying organic matter, such as fallen 
petals, contribute to the development of the mold. It is claimed that 
it is for this reason that the bulb growers on the other side of the 
Atlantic are loath to permit any litter on their tulip beds, although 
they use it very freely on narcissi and hyacinths. Hail injures 
the leaves and assists in inoculating the plants. In the District of 
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Columbia a planting of 400 bulbs was heavily mulched, and this 
mulch was left on in the spring. Still no fire disease was discovered 
on the plants and no evidence of the organism noted except in the 
case of skinned bulbs, upon which a few of the black sclerotia, which 
carry the organism over the dormant season, were found. This was 
the report in spite of the fact that a test was made with over 100 
bulbs in bad condition on account of being skinned and bruised. 
These bulbs were produced at Bellingham and showed considerable 
fire disease. 

DISEASES OF HYACINTHS. 

The hyacinth is troubled with enemies more than the other two 
groups. The most serious trouble thus far has been the yellows, or 
“new disease,” which has been investigated by Wakker* and by 
Smith.2 This is detected in the bulb by a softening when far ad- 
vanced. If a bit of the nose of the bulb is cut off, the diseased con- 
dition can be detected by the yellow discoloration appearing in rings, 
segments of rings, or dots. It is a common practice with bulb grow- 

ers to “nose” all bulbs planted, in order to detect this disease. Our 
experience, however, shows that this practice leads to very serious 

complications unless done with extreme care, so that we are now de- 
cidedly of the opinion that it may be a wiser plan to cull carefully 
without “nosing” and depend on taking out diseased plants during 
the growing season. At that time the disease can be detected by 
the water-soaked appearance of the plant and in advanced stages 
by the wilting down of the leaves. Great care should be exercised 
to cull out plants in the incipient stages of the disease in order to 
prevent the spread of infection. The Dutch grower uses for the re- 
moval of diseased plants a strong galvanized-iron tube 6 inches in 
diameter and 2 feet long, like a giant cookie cutter. This is inserted 
in the ground and a plug of earth, including the diseased bulb, is 
removed and destroyed. This “snotkoker” we have not thus far 
been able to use, on account of the greater density of our soils. 

Stock as free as possible from this disease should be secured for 
propagation. It is not impossible, however, to clean up slightly in- 
fected stocks, provided the effort is intelligent and persistent. This 
cleaning has actually been accomplished upon our grounds by the_ 
process of culling and selection previously mentioned. Every step 
in the process of hyacinth culture should be carefully guarded, in 
order to prevent the spread of this disease. 

1 Wakker, J. H. Contributions 4 la pathologie végétale. Jn Arch. Néerland. Sci. Exact. 

et Nat. t. 28, p. 18-20. 1889. 

2Smith, Erwin F. Wakker’s hyacinth germ. U.S. Dept. Agr., Div. Veg. Phys. and 
Path., Bul. 26, 45 pages, 6 fig., 1 col. pl. 1901. 
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Another trouble to be feared on hyacinths is the “old disease” of 
the Netherlands. This also exhibits itself in rings, but they are 
dark. This also should be guarded against and culled out, as in 
the case of the yellows. In the growing plant this disease shows 
itself in the leaves in much the same way, but the water-soaked area 
is much more easily distinguished by the darker discoloration of the 
tissues of the leaf. This disease is caused by the eelworm (7 ylenchus 
dipsaci). 'The organism can be seen on an examination under a low- 
power microscope of a portion of the tissue from the edge of the 
infestation macerated in water. The eelworm seen with the naked 
eye, commonly present, 1s a very different thing, which should not 
cause alarm. 

THE MOSAIC DISEASE. 

All the classes of bulbs treated in this bulletin are more or less 
affected with the mosaic disease, which in all cases reduces the vitality 
and stature of the plants. The Sir Watkin and Princeps Maximus 
narcissi and, of course, the broken tulips exhibit the condition most. 
Our work has demonstrated that this disease can be reduced if 
not quite gotten out of narcissi by selection. It is well known 
that it does not appear in seedlings. This is the “gray disease” 
of the Netherlands. It is carefully culled out of both narcissi and 
hyacinths, but when it comes to tulips the case is very different. 
Here the breaking, as it is called, gives a very spectacular and com- 
monly pleasing effect in the flowers that is greatly admired. Con- 
sequently, nearly as long lists of broken tulips as of breeders have 
been segregated and established as commercial varieties. Their use 
and study are more extensive in the British Isles than elsewhere. 

It would probably be much wiser for the commercial grower in 
this country not to attempt to plant these broken tulips, for a time 
at least, or if he grows them to do so at a safe distance from the 
breeders, which will always be the main stocks, for it has been re- 
peatedly shown that this diseased condition is communicable. This 
mosaic affection should be looked upon just as much as a disease in 
tulips as it is in other well-known plants. There exists abundant 
evidence of the communicability of this disease, and there are some 
suggestions that the aphis may be the main carrier. 

THE BEST VARIETIES TO PLANT. 

While there might be substantial agreement among growers as to 
the best varieties of hyacinths to plant, fewer would agree on lists 
of narcissi, and it would be difficult to find two who would agree 
on the same list of tulips. Any recommendations, therefore, of 
tulip or narcissus varieties are subject to all sorts of revisions, but 
may be useful to those who have had little or no experience with the 
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wealth of decorative material in these groups. In the preparation 
of any list availability must be one of the first requisites. Here, 
again, one is very likely to encounter great differences of opinion 
and conditions while we continue to be dependent, as we are, upon 
foreign importations. The importing florist and seedsman have to 
depend upon the foreign grower. The purchaser of bulbs in this 
country depends upon his florist. The varieties which can be found 
on the markets are often limited and vary from year to year. 
There are, however, certain standard varieties in the three groups 

which are nearly always obtainable, such as the now widely used 
and easily propagated Marie, Roi des Belges, Grand Maitre, and 
L’Innocence in hyacinths; Emperor, Empress, Golden Spur, and 
Sir Watkin in narcissi; and Chrysolora, Keizerskroon, Couleur 
Cardinal, Cottage Maid, Clara Butt, Faust, and Pride of Haarlem 
in tulips. These are all produced by the hundreds of thousands 
each year and the private individual will always find satisfaction 
in using them. The commercial grower, of course, will give his lists 
the most careful study and consider the demands of the trade which 
he intends to supply. It is more than likely that American pro- 
duction will for a long/time limit itself to varieties for which there 
is a very great demand and will grow much fewer varieties than are 
now offered for sale in Dutch and British catalogues. 

Already this specialization is evident. Although the largest pro- 
ducer of Dutch bulbs at the present time is handling a very long 
list in each group, this is confessedly experimental, the avowed in- 
tention being finally to sift out the less desirable and concentrate 
upon the standard varieties. Another large firm grows 60 to 80 
varieties of narcissi, but their production in large quantity is con- 
fined to not more than a dozen. Another firm grows mainly two 
forcing varieties of narcissi and a few other forcing bulbous stocks, 
specializing as it were upon forcing bulbs. 

VARIETIES OF NARCISSI. 

Most of the lists of narcissus of any pretension are now compiled in 
accordance with the recommendations of the committee of the Royal 
Horticultural Society of England, which arranged a classification 
into 11 divisions, the last of which is a catchall, made up mainly of 
botanical species. The following list, arranged according to this 
catalogue, is made up of varieties which stand a good chance of doing 
well under varying conditions. Another useful grouping not recog- 
nized by the committee of the Royal Horticultural Society but com- 
monly found in catalogues is the Poetaz section, made up of hybrids 

1 Royal Horticultural Society. Classified List of Daffodil Names, 1914. 73 p. [Lon- 

don, 1914.] 
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between the Tazetta and Poeticus groups. These varieties are among 
the most desirable of the bunch-flowered forms and are represented 
in this list by the last three in Division VIII. 

The varieties in this list are dual-purpose ones in largest part, 
i. e., adapted to both indoor and outdoor culture. The exceptions 
are the first three named under the Tazettas. These are adapted 
to out-of-door use in the warmer sections of the country. 
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Fig. 21.—The Golden Spur 

narcissus, a most popu- Fig. 22.—The Glory of Leyden narcissus (trum- 
lar trumpet daffodil. pet daffodil). 

Telamonius Plenus (Double Van Sion) will usually not give satis- 
faction after the first year either out of doors or indoors. In all 
situations where it has been tried, except on the immediate coast 
north of San Francisco, the North Atlantic coast, and high, cool 
situations elsewhere, it turns green after the first year. 

I. Long trumpets (as long as perianth segments) .—Daffodils. 

(a) Trumpets and perianth segments the same or different shades of 

yellow. 

Golden Spur (fig. 21). Emperor. 

Henry Irving. Glory of Leyden (fig. 22). 

King Alfred. Obvallaris. 

(6) Trumpets and perianth white. 

Madame de Graaff. Albiecans. 

W. P. Milner. Loveliness. 

(¢) Perianth white; trumpets some shade of yellow. (Bicolor.) 

Madame Plemp. Weardale Perfection. 
Empress (fig. 23). Glory of Noordwijk. 

Victoria. Mrs. Moriand Crosfield. 
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Il. Incomparabilis—Large chalice-cupped daffodils; trumpet one-third to one- 

half the length of the perianth segments. 

Sir Watkin (fig. 24). Great Warley. 

Lucifer. Gloria Mundi. 

Autocrat. Gwyther. 

Ill. BarriiimSmall chalice-cupped daffodils; trumpet less than one-third the 

length of the perianth segments. 

Barrii Conspicuus (fig. 25). Toreador. 

Firebrand. Mohican. 

Seagull. 

IV. Leedsii.—Like Incomparabilis and Barrii; but the flowers white or yellow 

tinted. 

Fairy Queen. White Lady. 

Maria Magdalene de Graaft. Mrs. Langtry (fig. 26). 

Wie. 28.—The Empress narcissus. Experimental planting at Bellingham, Wash. 

V. Triandrus hybrids——Cyclamen-flowered daffodils. 

Triandrus Albus (Angels’ Tears). Agnes Harvey. 

Queen of Spain. 

VI. Cyclamineus hybrids.—Yellow cyclamen-flowered daffodils. 
Cyclamineus and its hybrids. 

VII. Jonquilla hybrids.—The hybrids of Narcissus J onquilla—Jonquils. 
Buttercup. Odorous Campernelle. 
Jonquilla. Rugulosus Maximus. 

VIII. Tazetta and its hybrids. —Bunch-flowered narcissi. 

Paperwhite Grandiflora. Elvira (figs. 27 and 28). 
Chinese sacred lily. Klondike. 

Double Roman. Jaune a’ Meryeille. 

+These are the only true jonquils. 2Commonly called ‘‘ narcissi.’”’ 
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i Fig. 25.—Narcissus Barrii 
Fie. 24.—The Sir Watkin narcissus—the giant Welsh Conspicuus (Barrii 

daffodil (Incomparabilis group). group). 

Wie. 26.—The Mrs. Langtry 

narcissus (Leedsii group). 
Fie. 27.—The Elvira narcissus 

' (Poetaz group). 
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IX. Poeticus varieties.—Snow-white perianth and variously colored short 

trumpet. 

Praecox Grandiflora. Minerva. é 

Cassandra. The Bride. 

Ornatus (fig. 29). 

xX. Double varieties. 

Trumpets.—Telamonius Plenus (Double Van Sion) (fig. 30). 

Incomparabilis.—Argent, Sulphur Phoenix (Codlins and Cream). 

Primrose Phoenix. 

Fic. 28.—A block of 25,000 Elvira narcissi. BWxperimental planting at Bellingham, Wash. 

VARIETIES OF TULIPS. 

The classification of the tulip is purely artificial and a complicated 
subject, most seriously attempted in 1917 by a committee of the Royal 
Horticultural Society of England.? 

Tulips are first divided into early, late, or May flowering, which 
need no definition, and species which are found native. The earlies 
are divided into the Duc van Tholl, which are very early dwarfs, the 
singles, and the doubles. 

The lates are divided (1) into the Cottage subsection, which is a 
catchall that is not definable except that its members do not belong 
in the other groups; (2) breeders which are self-colors; (8) broken or 
mosaic tulips, parrots which have laciniate floral segments; and (4) 
double late tulips. 

1Commonly called “ narcissi.” 

2 Report of the Tulip Nomenclature Committee, Royal Hort. Soe., London. 1917. 
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The largest and most popular after the single earlies are the breed- 
ers.t. The flowers are self-colored except the base. They are divided 

Fic. 29.—Narcissus Poeticus 

Ornatus (Poeticus group). 

into Dutch, English, and Darwins—the 
Dutch with a cup-shaped flower, the Eng- 
lish with a hemispherical flower, and the 
Darwins with a rectangular-based flower. 
The Dutch and English breeders are again 
subdivided into three divisions: Roses, 
which are pink to red in color, the ground 
or tissue of the petals below the epidermis 
being white; Bybloemen, which are purple 
to violet and also have a white ground; and 
Bizarres, which have shades of scarlet to 

bronze with a yellow ground. 
As stated elsewhere, the broken tulips 

are subdivided the same as the breeders 
from which they are derived. Their irregu-~ 
lar distribution of the epidermal colors 
superimposed upon white or yellow grounds 

gives very brilliant and attractive effects. None of the varieties, 
however, are as vigorous as the breeders from which they are derived. 

I'icg. 30.—The Double Van Sion narcissus. Experimental planting at Bellingham, Wash. 

Harly flowering. 

SECTION I. 

(In full flower before the end of April.) 

A. Duce van Tholl.—The earliest of all. Single dwarf, rarely exceeding 6 inches 

in height. May be had in a variety of colors and commonly listed as Due 

van Tholl red, Due van Tholl white, ete. 

1The single earlics are also breeders. 
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B. Single flowered. 

dual purposes. 

White—White Hawk, Pottebakker white. 

Blush-pink.—La Reine and La Reine Maxima, Cottage Maid. _ 

Red-yellow.—Grand Due (Keizerskroon) Hector, Duchesse de Parma. 

Orange.—F'red Moore and Thomas Moore. 

Scarlet and orange-scarlet—Prince of Austria, Couleur Cardinal, Artus, 

Vermilion Brilliant. 

Yellow.—Mon Tresor (fig. 31), Yellow Prince, Chrysolora. 

CG. Double flowered. 

White.—Schoonoord, La Candeur. 

Scarlet.—Vuurbaak, Imperator Rubrorum. 

Orange and red.—H Toreador, Prince of Orange. 

Red (edge yellow ).—Tournesol. 

Early but larger than the previous group and better for 

Fie. 31.—The Mon Tresor tulip, a variety of the ‘“‘ Single Harly” group. © Experi- 

mental planting at Bellingham, Wash. 

SECTION If. 

Late or May flowering. 

A. Cottage varieties—A catchall for a miscellaneous lot of breeder varieties 

not belonging to the other groups of this section. 

Several colors.—Ingelscombe, Gesneriana, Fulgens, Didieri, and Hlegans 

varieties. 

White.—La Candeur (Parisian White), Royal White. 

Yellow.—Glare of the Garden, Golden Eagle, Parisian Yellow, 

Retroflexa, Yellow Perfection, Bouton d’Or, Golden - Crown, 

Retroflexa Grandiflora. 

Rosy white.—The Fawn, Isabella. 

Scarlet—La Merveille, Scarlet Mammoth. 

Primrose.—Vitellina. 
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B. Breeders——The flowers are of one color except the base. 

(1) Dutch breeders.—F lower oval or cupped, brown, purple, or red, but 

sometimes bronze. Base white or yellow, but usually stained blue or 

green to blue-black. 

(a) Roses (pink to red).—Charles Dickens, Crimson Beauty, 

Annie McGregor. 

(0) Bybloemen (purple to violet).—Cardinal Manning, Godet 

Parfait, Roi de Siam, Louis XIV. 

(c) Bizarres (scarlet, bronze, or brown).—Panorama, Louis Xi’V, 

James Watt, Turenne, Dom Pedro. 

Fig. 32.—The Sieraad van Flora tulip of the “ Darwin” group, and other varieties. 

Experimental planting at Bellingham, Wash. 

(2) English breeders.—F lower cup shaped, forming one-half of a hollow 

ball when expanded, the base being white or yellow. 

(a) Roses (rose shades with white base).—Annie McGregor, 

Mabel, Mrs. Barlow. 

(b) Bybloemen (purple shades with white base).—Adonis, Eliza- 

beth Peck, Talisman. 

(c) Bizarres (brown shades with yellow base).—Sir Joseph 

Paxton, Goldfinder, Sulphur, Samuel Barlow. 

(3) Darwins.—Lower portion of flowers rectangular; shades of purple, 

red, or white, never yellow or brown. Base black-blue or white or any 

combination. 

Pale rosy.—Flamingo, White Queen, Margaret, Mrs. Cleveland. 
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B. Breeders—Continued. 

(3) Darwins—Continued. 

Rose.—Anton Roozen, Baronne de la Tonnaye, Clara Butt, Love- 

liness, Psyche, Massachusetts, Sieraad van Flora. (Tig. 32.) 

Red.—Hurope, Feu Brilliant, Harry Veitch, King George V, Farn- 

combe Sanders, Pride of Haarlem, Prof. Francis Darwin, Prof. 

Rauwenhoff, Whistler. 

Mauve, light lilac—Bleu Amiable, Dream, Euterpe, Lantern, Re- 

membrance, Rey. H. Ewbank. 

Purple, dark blue.—Bleu Celeste, Frans Hals, Marconi, Mrs. Potter 

Palmer, Viking. 

Maroon.—F aust, Black Knight, Zulu, Fra Angelico, Othello, La 

Tulipe Noire. 

C. Broken tulips.—The mosaic tulips in which color is in irregular stripes and 

accentuated streaks in the flowers and foliage. 

(1) Broken Duteh. 

(a) Roses (rose or cherry markings on white ground)—Admiral 

van Kingsberger, Comte de Vergennes, Henry VIII, Perle Bril- 

liante. 

(6) Bybloemen (violet or purple markings on white ground).— 

‘Dainty Maid, Imperatrice de Maroc, May Blossom. 

(c) Bizarres (brown, red, or purple markings on yellow ground ).— 

Chebourg, Miss Doris Diggle, Trafalgar. 

(2) Broken English. 

(a) Roses (rose markings on white ground).—Annie McGregor, 

Mabel Aglaia. 

(6b) Bybloemen (purple markings on white ground).—Adonis, 

Duchess of Sutherland. 

(ec) Bizarres (brown or black markings on yellow ground).— 

Samuel Barlow, Sir Joseph Paxton, Dr. Hardy, George Hayard, 

Lord Stanley. 

(3) Rembrandt (Broken Darwins). 

(a) Roses (rose markings on white ground).—Red Prince, Semele, 

Victor Hugo, Galatea. 

(6) Bybloemen (purple markings on white ground).—Frane¢ois 

d’Amboise, Pericles, Wedding Veil, Remembrance, Gretchen. 

(4) Broken Cottage. 

(a) Roses (rose markings on white ground). 

Zommerschoon. 

(0) Bybloemen (purple markings on white ground).—Twilight, 

Union Jack. 

(c) Bizarres (brown, red, or purple markings on yellow ground ).— 

Chameleon, Gala Beauty, Scotia. 

Striped Beauty, 

14 similar condition is found in narcissi and hyacinths, when it is known in the 

Netherlands as the “gray disease.” The subdivisions of the May-flowering groups are 

duplicated in this group. In other words, any of the self-colored tulips may become 

broken and are ever after weaker in constitution and require careful handling to keep 

up to the necessary vigor. They are consequently little cultivated, with the exception 

of the Rembrandts, which, owing to the excessive vigor of the Darwins, of which they 

are broken forms, are still vigorous enough to endure and give satisfaction. Aside from 

the Rembrandts, these are seldom seen in this country. In the list of varieties enumer- 

ated, therefore, little more has been done than to copy the leading varieties as given by 

the English Tulip Nomenclature Committee. 
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D. Parrots. Segments of flowers cut or laciniated. 

Sensation, Markgraaf, Lutea Major, Admiral de Constantinople. 

EH. Doubles. Blue Flag, Mariage de ma Fille, Orange Brilliant, Yellow Rose. 

SECTION III. 

Species of tulips growing in the state of nature. 

Clusiana, Greigii, Hageri, Praestans, Sylvestris. 

VARIETIES OF HYACINTHS. 

Hyacinths are listed by color in singles and doubles, the singles 
being much the more popular. They are offered for sale in several 
classes, such as miniatures and first and second sizes, which are 
approximately 18 and 16 cm. bulbs, respectively. Besides these, 
there is commonly a miniature size (about a 13-cm. bulb) offered for 
bedding and growing in pots. 

The Dutch-Roman hyacinth is grown the last year in the south of 
France, where the season is earlier and the bulbs are consequently 
capable of being forced into blossom correspondingly earlier than” 
Holland-grown stocks of the same varieties. 

The “ Dutch prepared” hyacinth is a recent invention, being the 
ordinary Dutch varieties grown in the Netherlands, but dug early 
and incubated in artificial heat for the purpose of accelerating the 
development of the flower buds during the dormant period. These 
are also capable of being forced into flower earlier. These bulbs are 
often “soft,” due to withering under the artificial treatment, and 
their appearance is consequently not necessarily an index to their 
performance. 

These early forcing varieties, especially the “Dutch prepared.” 
often are not successful in this country, mainly owing to improper 
conditions for rooting. Our atmospheric and soil temperatures in late 
August and early September are too high to root them properly 
except in cool cellars. 

The Roman hyacinth is also offered along with the Dutch varieties. 
It is early, more graceful than the stiff Dutch varieties, and is 
grown in southern France. It is adapted only to indoor culture ex- 
cept in the South, while the Dutch varieties are hardy. 

The following list, considered from the standpoint of availability 
and performance, is suggestive. The varieties are those commonly 
offered for sale and, of course, the leading and most popular sorts. 

Single red and rose. 0 

Gertrude, Gigantea, Roi des Belges, General de Wet, Lady Derby. 

Single white. 

L’Innocence, Mr. Plimsoll, Baroness van Thuyll, Madam yan der Hoop. 

Single biue. 

Captain Boyton, Grand Maitre, Queen of the Blues, Marie, Schotel. 
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Single yellow. 

Yellow Hammer, King of the Yellows. 

Double red and rose. 

Bouquet Royal, President Roosevelt, Prince of Orange. 

Double white and blush. 

Bouquet Royal, Isabella, Prince of Waterloo. 

Double blue, 

Bloksberg, General Kohler, Van Speyk. 

Double yellow. 

Goethe, William IIT. 

BULB LITERATURE. 

The literature of bulbs is exceedingly varied and exhaustive, but 
commonly not available to the average reader. American writings 
are fragmentary, although they also are quite voluminous. In 
spite of these facts, anyone with a little effort may get in touch with 
abundant sources of information on the subject. There are four 
main sources to consult— 

(1) Florist, horticultural, and agricultural papers. These are replete with 

writings on various phases of the subject, and every issue of many of them 

carries advertisements of bulb literature. 

(2) Of bulb books there are many. They are exhaustive and comprehensive 

and written in English. A few are American, but most of them are of British 

origin, 

(3) Florist catalogues contain succinct and pointed information regarding 

the handling of bulbs for decoration. Some of the larger houses issue sepa- 

rate leaflets and pamphlets on methods of culture, These may be had for the 

asking when purchasing bulbs. 

(4) The florists have the columns of their trade papers, as stated on a 

previous page. Here are to be found the crystallized personal experiences of ex- 

perts in the commercial production of florist materials. 

DEFINITIONS. 

Much of the information in bulb lterature and even in popular 
catalogues is in language quite strange to the uninitiated. Like 
every other specialized line of endeavor, the bulb business possesses 
a considerable language of its own. The following definitions will 
assist in a better understanding of some of these expressions. 

Barrii—A group of narcissi having small chalice-cupped coronas or trumpets. 

Bed.—A Dutch bulb bed is a meter wide, of any convenient length, but usually 

about 10 meters (about 38 feet) long. 

Bicolor.—A trumpet narcissus with yellow trumpets and white perianth seg- 

ments. 

Bizarres.—Tulips of various shades of scarlet to brown in the breeder and 

broken sections, but, unlike the bybloemens, they have a yellow ground. 

Blower.—A machine or contrivance for removing the loose hulls and other light 

material from bulbs. 

Breeders.—Tulips with self-colored flowers. The color of the base of the flower 

is not taken into account. 
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Broken tulips.—Tulips in which the coloring matter is unequally distributed in 

both flowers and foliage. 

Bulb.—A fleshy underground bud with thick succulent scales. Jt is an entire 

_plant condensed into a gigantic bud. 

Bulb house.—The storehouse in which bulbs are kept and handied between 

the time of digging and planting. 

Bybloemen.—Tulips of various shades of purple to violet in the breeder and 

broken sections. The ground color of the petal (the color of the tissue be- 

tween the epidermal layers) is white. 

Centimeter.—One 1/100th of a meter, or about two-fifths of an inch. 

Cleaning.—Separation of bulbs from the clumps in which they grew and the 

removal of dirt and chaff from them. 

Corona.—The crown cup or tube of the narcissus flower. 

Culling.—Removal of undesirable bulbs. 

Curing.—The treatment of bulbs in storage. 

Cutting.—Removing tulip and hyacinth flowers from the beds. 

Daffodils.—The largest section of the genus Narcissus. It includes in common 

parlance all but the rush-leaved-forms, or jonquils. 

Darwins.—For the most part a robust May-flowering group of tulips with 

flowers of a rectangular form at the base. 

Double Earlies.—Double-flowered early tulip varieties. 

Dropper.—A stemlike growth frequent in many classes of bulbs. It grows 

downward some distance from the parent bulb and gives rise at its ex- 

tremity to a new deeper set bulb. 

Dutch bulbs.—Tulips, narcissi, and hyacinths, besides a score of other bulbs 

and roots which in the Netherlands are propagated for sale. They are 

often called Holland bulbs. 

Dutch-Roman.—Hyacinths of the Dutch varieties grown the last year in the 

south of France. 

Dutch prepared.—Dutch hyacinths dug early and subjected to artificial heat 

to hasten the development of the flower spike. 

Fire.—An abl~eviated term for the fire disease of tulips caused by the fungus 

Botrytis parasitica. 

Gray disease.—The mosaic of hyacinths and narcissus. 

Hyacinth.—A low, herbaceous perennial of the lily family, usually with a 

large spike of bell-shaped flowers terminating a short Scape and a coated bulb 

with outer coats papery, similar to those of the narcissus or the onion. 

Hyacinth, Roman.—A species distinct from the Dutch hyacinth. It is more 

graceful than the latter and not adapted to out-of-door culture except in 

the South. 

Hyacinth, Dutch.—The common hyacinth. 

Incomparabilis——A group of narcissi having large chalice-cupped coronas. 

Increase.—The propagated stock of bulbs of any.one period. 

Jonquils.—A small group of the genus Narcissus with rushlike leaves. The 

terms narcissus, daffodil, and jonquil are used as common names very loosely 

and with a great deal of confusion. Often people use the name daffodil to 

designate all the single-flowered forms except the rush-leaved ones and the 

Poeticus section. The rush-leaved forms are called jonquils and the bunch- 

flowered and Poeticus groups narcissi. 

Leedsii.—A group of narcissi like the Incomparabilis and Barrii sections, but 

the flowers are white or only slightly yellowish tinted. 
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Marker.—A machine with a revolving drum used to lay off the boundaries and 

the rows of a bulb bed. 

Meter.—A unit of metric measurement, 39.37 inches. 

Mosaic.—A term used to designate any irregular distribution of coloring matter 

in leaves and floral parts of the plants. 

Narcissus.—A low, herbaceous, perennial plant belonging to the amaryllis fam- 

ily, having narrow radical leaves, flowers with a corona or trumpet, and the 

outer coats dry and papery but not continuous, like that of the tulip. 

Narcissus fily.—Two species of flies are conspicuous in narcissus bulbs. The 

large Merodon equestris is commonly known as the greater narcissus fly and 

the small Humerus strigatus as the lesser narcissus fly. The first is para- 

sitic and the second is considered saprophytic. 

New disease.—The yellow disease of hyacinths caused by Bacillus hyacinthi. 

Old disease.—A nematode disease, especially of hyacinths. 

Packing material.—Buckwheat hulls, rice chaff, sawdust, etc., used in packing 

bulbs. 

Parasite.—An organism which is able to attack and destroy live and healthy 

plants. 

Parrots.—Tulips with cut or laciniate floral parts. 

Path.—A narrow passageway of 12 to 16 inches between successive beds of 

buibs. 

Perianth.—The outer fioral envelope of the flower. 

Plat.—As here used, a land bordered by a walk, road, or ditch, or all of them 

combined, its width being the length of the bulb beds. 

Poets’ Narcissus.—A group of the genus Narcissus having a pure white peri- 

anth and variously colored short crowns. 

Propagation.—tThe increasing of stocks of plants by any process. 

Rembrandts.—Broken Darwin tulips. 

Roguing.—The process of digging out and getting rid of undesirable plants or 

plants out of place. 

Roses.—Tulips of various shades of pink to rose in the breeder and broken 

sections. They have a white ground (tissue between the epidermal layers of 

the petals). 

Row.—A row in a Dutch bulb bed is a meter in length and extends across the 

bed. The rows are usually about 6 inches apart. 

Saprophyte.—An organism which lives only on the dead tissues. 

Scooping.—A method of propagating hyacinths consisting of the scooping out 

of the basal plate (stem) and exposing the scale edges to callousing and sub- 

sequent budding, which results in the production of bulblets. 

Scoring.—A method of propagating hyacinths in which the basal plate is 

hacked by three or four cuts through its diameter, for the same purpose as 

scooping. 

Shaker.—A machine designed to remove mechanically the loose dirt from bulbs. 

Sieves.—NSieves are of two kinds. The shaker has a sieve through which the 

dirt passes and this is sometimes referred to as a sieve. The nesting cir- 

cular parchment sizers are also often referred to as sieves. 

Single earlies.—Single-flowered early tulip varieties. 

Sizers.—These are machines employed for separating bulbs into different sizes. 

The separation is accomplished by means of an oscillating screen, preferably 

of parchment, perforated to allow the passage of objects of a definite circum- 

ference measured in centimeters (cm.). A large oscillating plane made up in 
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sections is employed in the machine (Vlinder) most used in the Netherlands. 

Simpler machines are a common circular nesting sieve, which may be used 

singly, or when nested three of four together, in a specially constructed hand 

shaker, when several sizes of bulbs may be taken out at once. 

Tazetta.—A bunch-flowered narcissus; also the specific name of the original 

_ bunch-flowered species. 

Trays.—Flat receptacles for storing bulbs in the bulb house. 

Trumpet.—The crown, or corona, of the narcissus. 

Tulip.—A low, herbaceous, perennial plant of the lily family with a scapelike, 

single-flowered stem from a tunicated bulb, the outer layer of which is con- 

tinuous and ruptures before growth starts. 

Vilinder.—See under Sizers. 

Walk.—The vacant space left as a passageway between the bulb plats, which 

many include ditching space. 
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INTRODUCTION. 

The Fertilizer Control was created under authority of the food 
control act as a war emergency measure in the Department of Agri- 
culture. Soon after its establishment this office undertook a survey 
of the fertilizer industry in order to determine the materials used, 
the products, and the stocks of ingredients and of mixed goods on 
hand. In view of a serious shortage of several of the materials that 
enter into the manufacture of fertilizer, it was deemed important 
to ascertain what the requirements of the industry were, in order to 
stimulate production of the scarce ingredients, and, if it became 
necessary, to apportion the available supply of scarce materials on 
an equitable basis. A series of questionnaires was sent out by the 
office of Fertilizer Control. The information collected is for the calen- 
dar years 1917 and 1918. In the case of fertilizer manufacturers a 
schedule was first obtained for 1917 and the first six months of 1918, 
and then another schedule was sent out to cover the last six months of 
1918. Data on phosphate rock were obtained for 1918, information 
for 1917 having been collected by the Bureau of Soils. A potash 
schedule was sent out later in the year, and called for reports for 

127491°—19—Bull. 7981 



2 BULLETIN 798, U. S. DEPARTMENT OF AGRICULTURE. 

1917, for the first nine months of 1918, and for estimates for the 
remaining three months of 1918. A schedule for tankage producers 
was sent out toward the end of the year, and cailed for reports for 
the two calendar years 1917 and 1918. Data are thus available for 
a study of the fertilizer industry during two years, both of which 
were war years. No comparison with prewar years can be made, 
for lack of data, but a future survey of the industry in years after 
war activities have ceased will afford interesting comparisons. 

MATERIALS USED IN MIXED FERTILIZERS. 

Table I shows the amount of materials of different kinds used in 
the manufacture of mixed fertilizers during the years 1917 and 1918. 

Tasie I,— Materials used in producing fertilizer as reported by fertilizer manufacturers. 

[2,000-pound tons. ] 

Kind of material. 1917 1918 Kind of material. 1917 1918 

Agricultural lime......---.-- 32, 602 40,252 || Nitrogenous materials—Con. 
Agricultural salt......------- 2,474 2,650 || Ammonium phosphate. --- 20, 237 7,096 
Acid phosphate.......------ 3, 746, 693 [13,554,000 || Tankage: < 
Potash materials: || Animal tankage (high 
Potassium sulphate.....--- 13, 420 16, 808 CUNO) = coacosogsacsn0 185, 491 134, 446 
Potassium muriate....---- 12,124 19, 189 Animal tankage (low 
Potassium nitrate.......-- 14, 478 17, 286 BT ade) see ccn eases 108, 775 82, 209 
Potassium carbonate... .-- 7, 656 5, 706 Garbagetankage....-..---- 123, 835 96, 142 
Kainite....-2.------------ 2,175 368 Tankage (0, 0.S.)..-------- 5, 994 4,770 
Manure salts-......------- 1, 684 194 Dried blood......-.-.-.--- 37, 189 25,799 
Nebraska potash....-.---- 7, 201 18, 815 Cottonseed meal..........- 306, 399 273, 876 
Cement dust.......-.-.--- 6, 489 6,301 Fish scrap (dried)--.-..-.--- 28, 769 28, 813 
Furnace dust..--...-.-.--- 8, 499 12,105 Fish scrap (acidulated)..-- 17, 234 24,215 
Roasted alunite.....-.-.-- 667 1,999 Castor bean pomace.....-- 19, 948 36, 481 
[Kelpi(Gried) masses eseeeeee 3,064 4,777 Toppy te ae 9, 254 7,179 
iKelpi(ash)seeee ee eeee eee 2,929 S220! seerootimioal esse senen neuer 6,340 5,681 
Kelp (char)...-.---------- 16 348 Horns. ...-----------.----- 200 74 
Tobacco waste....-.-.---- 37, 218 30,816 Hide scrap......----.--.-- 218 921 
Wood ash and other plant Leather scrap or meal....- 18, 078 13, 892 
PY Noon tase ceosecssocscoos 6, 523 7, 458 Leather (acidulated)....... Uf \eoashas= 2 

Manure ash.......-------- 2,197 2,768 Wool waste ..--.....-....- 1,135 1,002 
Heldspar-ciosesscce sees see 601 134 Tartar pomace......--..-- 2,709 2, 893 
Sugar factory waste....--.- 5,071 5, 250 eat (Ared) hose eee cee ce se 742 1, 892 
Other potash materials. -.. 33, 863 34, 898 Natural guano..-.-..-...-- 67,715 52,549 

Nitrogenous materials: Base goods.......-..-.-.-- 518, 378 502, 132 
Sodium nitrate....--.--.-- 285, 983 234, 794 Other nitrogenous mate- 
Ammonium sulphate------| 125, 283 103,356 HES. 36 5b8 oSabedscedsesse 39, 162 29, 259 
Cyanamid .....--..--..--- | - 37, 230 6; 099)||sMiller! 2225p atjo-ce'- a-5- 161, 932 216, 764 
Nitrate of lime.........--- | ° 33 595 || Other materials (n. 0. s.).-.- 6, 986 11, 294 

1 Partly estimated. 

The figures for 1918 are not altogether comparable with those for 
1917, as 55 companies included in the tabulation for 1917 and for 
the first six months of 1918 failed to make reports for the last six 
months of 1918. In the case of acid phosphate an estimate has 
been made to cover the companies for which reports were not re- 
ceived for July to December, 1918. 

The principal kinds of material reported are acid phosphate (the 
chief carrier of phosphoric acid), potash-bearmg materials, and ni- 
trogenous materials. A certain quantity of agricultural lime, agri- 
cultural salt, and filler was also reported, and a comparatively small 
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quantity of other materials which it was not possible to classify. 
It is probable that the figures for filler are not complete, as the sched- 
ule did not specifically ask for it, and many of the firms doubtless 
neglected to report the quantities used, and the same is likely to 
be true of the agricultural salt and possibly of the lime. In con- 
nection with the reported quantity of filler, it should be kept in 
mind that the filler used in the preparation of mixed fertilizer is 
only a small part of the inert matter in the product. In the manu- 
facture of mixed fertilizer, filler is used largely for the purpose of 
obtaining the desired grade or composition in the mixed goods. 
A concrete example may help to make this proposition clear. If it 
is desired to make a mixture containing 2 per cent of ammonia, 8 
per cent of phosphoric acid and 2 per cent of potash (the well-known 
grade, 2-8-2) and the materials at hand are cottonseed meal, con- 
taining 7 per cent of ammonia, acid phosphate, containiug 16 per 
cent of phosphoric acid, and Nebraska potash, containing 28 per 
cent of potash, the method of making up the mixture will be as fol- 
lows: 2 per cent of a 2,000- -pound ton is 40 pounds; in order to 
obtain 40 pounds of ammonia from 7 per cent cottonseed meal it 
will be necessary to use 571 pounds of cottonseed meal. The amount 
of phosphoric acid desired is 8 per cent of a ton or, in fertilizer par- 
lance, 8 units, or 160 pounds. To obtain 160 pounds from a 16 per 

cent acid phosphate will require 1,000 pounds of acid phosphate. 
The amount of potash called for is 40 pounds and to obtain that 
from a 28 per cent material, 143 pounds will be required. The total 
amount of materials used, therefore, will be 571 plus 1,000 plus 143, 
or 1,714 pounds. To this are added 286 pounds of filler in order to 
aces up the ton. 

It will be seen from the foregoing statement that filler has not 
only a legitimate but a necessary use in the preparation of mixed 
fertilizer under the existing methods of manufacture. While it is 
likely that in the 5 million tons of fertilizer produced during 1918 
more than 217,000 tons of filler were used, the filler constituted only 
a small proportion of the ert matter in the mixture. Thus, in the 
example given, the 2,000-pound ton contained 286 pounds of filler, 
while the total of inert matter was as follows: Of the 571 pounds of 
cottonseed meal, 531 pounds were inert; of the 1,000 pounds of acid 
phosphate, 840 pounds were inert; and of the 143 pounds of Nebraska 
potash, 103 pounds were inert; so that the total inert: matter in the 
plant food bearing materials was 1,474 pounds; and the ton of ferti-. 
lizer consisted of 240 pounds of plant food, 1,474 pounds of inert 
matter in the plant food bearing materials, and 286 pounds of filler. 

The fact that from three-fourths to seven-eighths of the mixed 
fertilizer sold to farmers consists of inert matter which does not 
contribute to the fertility of the soil, but on which freight must be 
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paid and which must be ground and bagged and transported, is one 
of the fundamentals in the fertilizer industry. If a means were 
devised by which farmers could buy practically undiluted plant food 
and make up their own mixtures, an enormous saving would be 
effected, and any method that would decrease the amount of inert 
matter carried in fertilizers would be of great benefit to the agricul- 
ture of the country. The quantity of filler used is only a minor 
phase of this problem, but perhaps the part of it which is most easily 
susceptible of improvement while the present general methods pre- 
vail in the industry. 

SULPHURIC ACID AND ACID PHOSPHATE. 

Some of the fertilizer manufacturers produce their own sulphuric 
acid, while others buy sulphuric acid. Of the 425 companies for 
which this office secured returns, 68 were producers of sulphuric acid. 
These firms used the quantities of pyrites and sulphur shown in 
Table II in the production of sulphuric acid for the periods to which - 
the schedule refers: 

TaBLE IIl.— Materials used in the manufacture of sulphuric acid. 

[2,000-pound tons.] 

JanUaEy, 
o June 

Material. 1917. inclusive, 

1918, 

EVANS Sos Spode coSepeUoad soenoaHooe Heese saaec soe doers abo socacos saauOBadeEoe se 585, 317 244,154 
Suiphumree 00). | pele fr ee Lleol eess Biot 104, 556 85,625 

The proportion of sulphur used during the first six months 
of 1918 was much greater than the corresponding proportion dur- 
ing 1917. In pre-war times Spanish pyrites was practically the. 
only source of sulphuric acid, as pure sulphur was too expensive 
to be used in the manufacture of the acid, but owing to lack of 
shipping facilities, caused by the war, it became very difficult to 
obtain pyrites from Spain; on the other hand, the price of sul- 
phuric acid advanced decidedly as a result of the demand for the 
acid by manufacturers of munitions, so that it became profitable to 
make the acid out of pure sulphur. Domestic and Canadian sources 
of pyrites were utilized, but they were not sufficient to supply the 
demand. In addition to sulphur and pyrites, a certain amount of 
nitrate of soda is used in the manufacture of sulphuric acid, but 
the schedules did not call for the uses to which nitrate of soda was 
put, and there is no way of determining how much was used in con- 
nection with the acid chambers and how much went into mixed fer- 
tilizers. Beginning with July, 1918, the Nitrate Committee of the 
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War Industries Board did not permit fertilizer manufacturers to 
have any nitrate of soda for mixing, and allowed them only enough 
for the manufacture of sulphuric acid, estimating roughly that their 
requirements of nitrate of soda amounted to about 1 per cent of their 
total sulphuric acid production. 

Most of the large fertilizer companies make their own acid phos- 
phate. Such firms are known as wet mixers, of whom 104 reported. 
Table III shows the quantity of material used in the manufacture of 
acid phosphate during 1917 and during the first six months of 1918. 

TasLe ITI.— Material used in the production of acid phosphate. 

[2,000 pound tons.] 

J; BOvary, 
atori 7 o June Material. 1917. inclusive, 

1918. 

BHospiateockseen ss. ..4. 8a. cbacasees ons. See tk ES co SekSeseone sce 2, 205, 523 1,172,124 
SieamMedierolmiad Done - jase. fat = == - 522 = = ALES oP ne ase ccabacose ce 71,925 33, 196 
RCVEET OLN CUD ONO eae aoe Se cee ee a eee ASSEE Coe nce RE oS. see ces 31, 657 22, 667 
ESESHOND ELC Kee ee gees Aa ee LS AS oe Be Sd Ue ee ee 86- 600 
IS BSG GUE oem a cee me ies Speer oe 2 i ee ae ee re eee 128 77 
Ofhemphosphatie materials® =|. .42.). $835.9. 2es.25.2 0. 2k ees | 2. Soe deee 2 484 
SVDUTIET ERS GEG & LSE | SSL) Cae a oe eRe - ee oie Se een eae ee re 2,135,113 1,068, 464 

The companies used more than 2,200,000 tons of phosphate rock 
in the manufacture of acid phosphate during 1917, as compared with 
only 72,000 tons of steamed ground bone, and 32,000 tons of raw 
ground bone with small quantities of other phosphatic materials. 
The quantity of sulphuric acid used is approximately the same as that 
of the phosphorus-bearing materials. 

The production of phosphate rock was conducted by a number of 
the fertilizer companies and by other producers, mostly in Florida. 
Many of the big fertilizer companies are interested in the phosphate 
fields and are producing their own rock. The total production of 
phosphate rock amounted to 2,696,000 short tons, in 1918, as com- 

pared with 2,588,000 short tons in.1917. The 1918 total is analyzed 
in Table IV. 

Taste IV.—Phosphate rock produced in 1918. 

[2,000-pound tons.] 

Kind of rock. Short tons. Kind of rock. Short tons. 

Totals sees ons cost ease cesses 2, 695, 543 || Tennessee: 
————o Brown rocks *EL eee be -2 se eee ese 377, 511 

Florida: IBNED ROG S ssocne ssesaconcesteoscose 52,777 
Har dirocktis. Jt22t0e ...bssias 42,840 || South Carolina.................--..--- 51, 387 
Soft phosphate: <5 22855025255. 2 52 17,736 Uta ese oe a. see scl eet eae eae 1, 532 

andipebbleits34 4s. Ste 25141;950i)| Wahoo ass— 2205. 2 ee eS 3, 211 

The greatest production was of Florida land pebble (2,142,000 
tons), which alone comprised about four-fifths of the entire output. 
Tennessee brown rock, of which 278,000 tons were mined, is next in 
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importance. The production of but two of the other kinds amounted 
to 50,000 tons. 

Table V shows the quantity of phosphate rock marketed in the 
United States during the six months from January to June, 1918, 
distinguishing between the amount that was used in the manufac- 
ture of acid phosphate and the amount that was sold directly to 
farmers for application to the soil. It also shows the quantity 
exported and the stocks on hand at three given dates. 

TAaBue V. —Phosphate rock marketed January-June, 1918, and stocks on hand Jan. 1, 
1917 and 1918, and June 30, 1918. 

[2,000-pound tons.] 

Quantity marketed in 
United States Janu- Stocks on hand. 
ary—June, 1918. Quantity 

exported 
Kind of rock. January— 

a Toacid |Tofarmers| June, 
phosphate | for direct 1918. Jan. 1, Jan. 1, a 30, 

8. manufac- | applica- 1917. 1918. 
turers. tion. 

Potala Ook eae Uae ole 805, 735 65, 225 27,664 | 713,290 | 974, 564 944, 665 

Florida: 
Hard rOCkes 22 see ctne fe eeees jsionia = |e eeiseeioe aise | sleeeieicisic ages 2,732 | 174,530 | 220,824 228, 162 
Soft phosphate..................-. 58 6, 559 1, 002 326 370 170 
Land pebble............--..-.---- 706, 935 45, 203 21,385 | 499,407 | 748, 243 708, 780 

Tennessee: 
IBrOWNOCKELLEe a= Ste - 5 eee -2 - 93, 854 11, 364 2, 545 39, 020 5,121 7, 547 
iBWe MOC EN eRe seer ee aes cee eie 587 2 LOO dee oete ss allie sock soe alae seen co eee eee 

South Carolimat:!: 8 42.5-2.-222222-- D2 NEE . Ese le Fe eee a - 7 6 6 
ita eee ate a ean sien Saaveec AUSF) ba Se as eee e eases sopra ase ecucoessas 
Taahosayate fet ee ee eee ey SEs SUT pS EEE She ee cee cee eee 
IKON GUC yas see een e resect ig tl reba l|ne ase aes | stessosuer avec Sailondateeelpucaamane 

The great mass of the rock marketed during the period under dis- 
cussion was in the form of Florida land pebble, of which 774,000 
tons were marketed during the first six months of 1918, and the 
next most important quantity was of Tennessee brown rock. It 
should be noted that most of the rock is sold to manufacturers of 
acid phosphate, and that only small quantities, amounting to about 
7 per cent of the total marketed in the United States, are sold to 
farmers for direct application to the soil. The exports for the six 
months of 1918 were very small, owing to the difficulty of obtaiming 
cargo space. A notable fact is that the accumulation of phosphate 
rock in the hands of the mining companies is large. Very little 
hard rock was produced during the first six months of 1918, and the 
small quantity produced was exported, but a very considerable 
amount of that rock, more than 200,000 tons, was in stock. The 
stocks of the Florida land pebble rock were large and increased from 
499,000 tons at the beginning of 1917 to 748,000 tons at the begin- 
ning of 1918, but declined somewhat during the six months period, 
January—June, 1918. 



A SURVEY OF THE FERTILIZER INDUSTRY. 4 

SOURCES OF NITROGENOUS MATERIALS. 

Table VI and a graph (fig. 1) show the sources of ammonia used 
in mixed fertilizers. The table shows the total amount of each 
material used, as reported by the fertilizer manufacturers, the aver- 

age ammonia content, the total quantity of ammonia in each 
material, and the proportion of the total ammonia derived from 
each source. 

TaBLe VI.—Sources of ammonia in mized fertilizer. 

Quantity of mate-| Units of ammonia in | Percentage of 
Average | Tial used (2,000- materials used (unit | ammonia from 

Materials : per cent | pound tons). =20 pounds). each source. 
of am- [51 Sees Es Bn URE ee 
monia. 

1917 1918 1917 1918 1917 1918 

PANESOUT COS! 2S eh Seater ys ME ets arama cic bcicey teceiew cecil 18, 620, 200 | 15,039, 300 100 100 

Sodium nitrate.............-..- 18.8 | 285,983 | 234,794 | 5,376,500] 4,414,100] 28.9 29.4 
Ammonium sulphate........... 24.3 | 125,283 | 103,356 |; 3,044,400 | 2,511,600 16.3 16.7 
Cyanamids 5. snc = jaqneteesees 15.6 37, 230 6, 099 580, 800 95, 100 3.1 6 
iINDirateior limos. 12.2 eee c ee 15.6 33 595 500 OF300) |Saee ence al 
_amoninm phosphate. ...-..-- 13.0 20, 237 7, 098 263, 100 92,300 1.4 6 
ankage: 

Animal (high grade)........ 11.0 | 185,491 | 134,446 | 2,040,400] 1,478,900} 11.0 9.8 
Animal (low grade)... ._.--- 7.0 | 108,775 82, 209 761, 400 575, 500 4.1 3.8 
Garbare tant veces baa 3.3 | 123,835 96, 142 408, 700 317, 300 2.2 2:1 
Tankage (n. 0.S.).....----.-- 6.3 5, 994 4,770 37, 800 30, 100 2 22 

Wriediplood 2-225 o 22h. --52l 3. 13.8 37, 189 25, 799 513, 200 356, 000 2.8 2.4 
Cottonseed meal..........-.---- 8.4 | 306,399 | 273,876 | 2,573,800 | 2,300,600 13.8 15.3 
Fish scrap (dried).............- 9.0| 28,769] 28,813 258, 900 259, 300 1.4 17, 
Fish scrap (acidulated)........-. 6.0 17, 234 24, 215 103, 400 145, 300 -6 1.0 
Castor bean pomace..........-- 6.6 19,948 | 36,481 131, 700 240, 800 ol 1.6 
1S ee ee ae ea 18.0 9, 254 7,179 166, 600 129, 200 9 9 
oo tmeallas eee ee ent: 15.0 6,340 5, 681 95, 100 85, 200 5 .6 

OMNSH ent cece hwevesersseece. 15.0 200 74 3,000 SE TOD | pseseoae Lie rae 
ee scraplas sce sb sok! 12.0 218 921 2, 600 LOO eee 1 
Acidulated leather.............- 9.0 Bialbernae sz: LOOM eee se Sate [a gaa b nhl ae ee 
Leather scrap or meal........-.- 13.0 18,078 13, 892 235, 000 180, 600 1.3 1.2 
Wool waste........ SU LG Be ook 7.0 ibe 1,002 7, 900 A OOO Eee sacs | Saecee es 
Tartar pouiace Ree aCiewe Cie icecicicic 9 2,709 2, 893 2, 400 28600 Ne os s8| Se aera 
Peat (dried)... 1.5 742 1, 892 1, 100 Pelt Benesoncl Poaetose 
Natural guano. 7.8 67, 715 52, 549 528, 200 409, 900 2.8 2.7 
Baselgoods: 5.85222: 22... 02222 2.4 | 518,378 } 502,132 | 1,244,100 | 1,205,100 6.7 8.0 
Other nitrogenous materials. ... 6.1 39, 162 29, 259 238, 900 178, 500 1.3 1.2 

The total amount of ammonia used during 1917 was more than 
18,600,000 units of 20 pounds, and the total amount used during 1918 
exceeded 15,000,000 units. 

The principal source of ammonia during both years for which data 
were obtained was sodium nitrate, nearly 30 per cent of the ammonia 
being derived from that one source. 

The second source in importance was ammonium sulphate, from 
which about one-sixth of the ammonia was derived. 
Among the organic sources of ammonia, tankage and cottonseed 

meal are by far the most important. The proportion of ammonia 
derived from animal tankage of high and of low grade was less in 1918 
than in 1917, owing, probably, to the great demand for tankage as 
feed. The proportion derived from cottonseed meal increased from 
13.8 per cent in 1917 to 15.3 per cent in 1918. 
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Nearly four-fifths of the ammonia in fertilizers is thus derived from 
the two great mineral sources, sodium nitrate and ammonium sul- 
phate, together with the two principal organic sources, tankage and 
cottonseed meal. 

The only other important source of ammonia reported is ‘‘base 
goods,”’ a designation which indicates that the original source is not 
given, base goods ‘being a name by which the companies call pre- 
liminary mixtures which are stored in large bins against the time 
when orders need to be filled and the base goods are mixed with other 
ingredients to obtain a desired grade of goods. 

Other sources of ammonia worth mentioning are cyanamid, which 
yielded 581,000 units of ammonia in 1917 but only 95,000 units in 
1918, owing to the fact that this material was requisitioned by the 
Ordnance Department; and dried blood, which accounted for 2.8 per 
cent and 2.4 per cent, respectively, during 1917 and 1918. 

Tankage.—A special inquiry about the amount of tankage pro- 
duced was sent out by the office of Fertilizer Control, and returns 
from 503 packers and renderers were received. Table VII shows the 
total quantity of tankage and allied materials produced during 1917 
and 1918, and the quantity marketed in 1918 to be used as fertilizer, 
to be used for feed, and for other purposes. 

TaBLE VII.—Tankage and allied products produced in 1917 and 1918 and marketed in 
1918. 

produgion ole | Quantity marketed in 1918, 386 firms| Percentage marketed, 
7 De reporting (2,000-pound tons). 1918. 

(2,000-pound tons). 

Kind of material. 

As f ae As fi the s fer- other s fer- other 1917 1918 Total. tilizer. |4S feed. pur- | tilizer. As feed. pur- 

poses poses. 

Animal tankage(high 
i grade. Be tats aa ---| 157,300 | 185,839 | 182,320 | 103,703 | 78,187 430 56.9 42.9 0.2 
nimaltankage (low 
ot e) copes 59,604 | 64,614 | 62,805) 56,239] 5,213] 1,354|/ 89.5] 83 2.2 
oncentrate ank- 
agoleenee tone 24,674 | 25,490 | 26,098 | 16,540] 9, 481 77| 63.4] 36.3 3 

Garbage tankage....- 36, 997 34, 718 28, 598 WhO) | Rasanenasdse 156 Oy | beasesss|eca spare 
Tankage (n. 0. S.).-.- ,750 | 10,004 3, 732 3, 122 58 552 | 83.7 1.6 14.7 
Dried blood......... 32, 007 35, 463 32, 578 26,918 | 5,671 |.......- 83.6 1.5 14.9 
Raw bones.......... 27,981 | 33,644 | 26,451 | 22,607] 3,281 S62) 78256 Lian | aes 
Dried bones........- 24,348 21,475 | 20,158 20, 033 i cs 85.5 12.3 32 

BIDE Coe sein eee! 5, 617 8, 754 abe Ose yetdoese ATOR (ec eeoes : 
Hoofs and horns. .... 6,715 4) 671 4; 008 539 | 386 | | 83| 883] 9.6 2.1 
Meat scrap....... 3, 265 3, 233 Se HOT seeeee ri 3, 549 TEs | Shee: 99.7 3 

The 503 firms for which returns were received produced 157,000 
tons of high-grade tankage in 1917 and 186,000 tons in 1918. The 
quantity of low-grade tankage was about one-third of the amount 
of high-grade tankage, and in addition there were about 25,000 
tons of concentrated tankage in each of the two years 1917 and 
1918, and about 35,000 tons of garbage tankage, with a certain 
amount of tankage the character and quality of which were not 
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127491°—19—Bull. 798——2 
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indicated. Dried blood and raw and dried bones were the other 
important items. The amount of hair, hoof, and horns, and meat 
scrap was not very large. 

Of the 503 firms from which reports were received, 386 reported 
sufficient data on the purposes for which their products were used 
to make a tabulation possible. While less than four-fifths of the 
firms reported that information, the quantities for which they 
reported were a very large proportion of the total. In some cases 
the amount marketed was somewhat greater than the amount 
produced, which probably means that an additional amount was sold 
from stock. About 57 per cent of the high-grade animal tankage 
was marketed as fertilizer and about 43 per cent as feed. If these 
percentages are representative, they indicate one of the reasons that 
animal ammoniates were difficult to secure during the year 1918. 
Of the low-grade tankage, however, 89.5 per cent was marketed as 
fertilizer, while of the concentrated tankage nearly two-thirds was 
so marketed, and of the garbage tankage the entire amount was - 
disposed of as fertilizer. In the case of dried blood, more than four- 
fifths was marketed as fertilizer, and of the raw bones even a higher 
proportion, while of the dried bones nearly the entire amount was 
used as fertilizer, and of the hoofs and horns seven-eighths. About 
two-fifths of the hair was used as fertilizer, the remainder being 
used for purposes other than fertilizer or feed. The meat scrap 
was practically all used for feed. 
A special investigation was conducted by the Food Administra- 

tion, in cooperation with the Office of Fertilizer Control, covering 
all the reduction plants, municipal or otherwise. According to 
the returns of that investigation, which were very complete, these 
plants produced, in 1917, 168,000 tons of garbage tankage, and 
in 1918, 159,000 tons. The recovery per ton of garbage was 262 
pounds of tankage in 1917 and 286 pounds in 1918. 

Cottonseed meal.—In connection with cottonseed meal, an inquiry 
was. made from all the mills that manufacture cottonseed oil and 
meal as to the amount produced during the fiscal year July 1, 1917, 
to June 30, 1918, and the amount disposed of for different purposes 
and in different ways. Returns were received from 506 mills 
having a total production of cottonseed meal and cake of 1,600,000 
tons, or about four-fifths of the total production, which was for 
this period, as reported by the Census Bureau, about 2,000,000 tons. 

Table VIII shows that of the total quantity of cottonseed meal 
produced about 4 per cent was used by the mills themselves in the 
manufacture of fertilizer. About 400,000 tons were sold direct to 
farmers, while the remainder was shipped to other points. Of the 
quantity sold to farmers, nearly equal proportions were used as feed 
and as fertilizer, while a very large proportion of the material that 

ae, 2 
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was shipped to other points was used as feed. This may be due to 
the fact that in order to be able to pay freight on cottonseed meal 
it is necessary to utilize it in the most efficient way. It is also proba- 
bly true that the meal shipped away was of a higher grade than that 
used in the immediate vicinity of the oil mill. 

Taste VIII.—Production and disposal of cottonseed meal and cake, by States, oe il 
1917, to June 30, 1918. 

AMOUNTS IN 2,000-POUND TONS. 

Quanti- | Quantity sold to | Quantity shipped 
te Totaltons| ty used farmers to be to other points 

Number | ofcotton-| by mills | used as— tobeusedas— | Un- 
State 2 ¢, |Seed meal} in the distrib- 

ide r and cake | manutac- are eau uted. 
. roduced.| ture of erti- erti- 

2 fertilizer. Feed lizer Feed. lizer 

Total for 16 
States. ..--... 506 | 1,616,617 | 62,656 | 186,952] 200,905 | 756,581 | 243,625 | 165,898 

Alabama.......----.- 41 78, 352 4,738 8,107 6,210 | 26,645 | 12,424) 20,228 
Arizona.......-.----- 3 6,597) |0......028 DANG salou sae APAQNG | EEE SRE cise ce 
PAT KANSAS o)oo02- i= 225 32 137, 633 3,226 14,510 3,305 | 104,690 8,614 3,288 
California........-... 1 Te SDT eee fs MN EE NTT ys EERE TL BOVE | SER ee ee 
ord aetes Ase 2 q 6:692) | seca 160 440 4,025 UW Ine coaches 
Gedepian es £i0yit: | fs: 107 | 346,603 | 23,691] 29,879| 52,781] 114,786] 71,638| 53,828 
Minos! foc o-Scisness 1 Se (Sle| 22 PSs s See S00s ES Eee: S481 | Set eae e|Sciccinecee 
Kentuckya titi. .5- 1 E59 2 | ee O00 I Baacee sec 3,773 400 |...--.2-. 
Louisiana.......-..-- 25 140, 434 427 9,490 8, 224 80, 671 LUSGP? |acoobeae 
Mississippi eee ela aates 43 214, 715 6,917 16,718 9,210 | 140,023 18, 841 23, 006 
Missouri.....--.....- 3 20H130i |e ae 1A080;)| see 19 O50) 1 eee ell ek bee 
North Carolina....... 57 129, 466 13, 049 13, 024 42,251 11,985 40, 683 8,474 
Oklahoma....-......- 48 141, 282 1,098 43,910 POSOM EC OA O4 | Ree ee al eres aise 
South Carolina....... 75 161, 804 9, 409 21,748 71, 230 15, 565 43, 852 |. s2------ 
Tennessee............ 20 1059368) | seccee eee 2,540 4,378 62,199 3, 484 32,676 
WD OXAGE Se cect cic ace 41 111, 260 101 22, 080 796 63597 On eeeemeceee 24,307 

PERCENTAGES. 

Sold to farmers to | Shipped to other| Total percentage 
Weed by be used as— points to be used used as— 

State. ihe i re cae = 
acture 0 

i Ferti- Ferti- Ferti- 
fertilizer. | Feed. lizer. Feed. lizer. Feed. lizer. 

Total for 16 States...... 4.3 12.9 13.8 52.2 16.8 65.1 34.9 

AIA DAMAGE Bosse. gos ee Sen 8.2 13.9 10.7 45.8 21.4 59.7 40.3 
PATON Ah Gales sian viscera sence | aetnacnecee BLS boeooeebee (Ean Be eeeeeees IW DIO bSsenboese 
ARKANSAS Sago sac teeters 2.4 10.8 2.5 77.9 6.4 88.7 11.3 
WALTON Gls 3 skesocs Mee vcs aa | es eeeeeeeos|te.cc. eee leceeose: 10050 esacoesous OOO jisastsosase 
WloriGay caress ass fees sec a|seeeeeceene 2.4 6.6 60.1 30.9 62.5 37.5 
Georeineer et oer ene tees 8.1 10.2 18.0 39.2 24.5 49. 4 50.6 
I OIS eae siaioim ese we el Sc ois se wrest TE Oe Be CPx it BasSemanod TACK Wsesceésade 
ISG a 7 etna sepa asepeacseas Bbaeooecee oe 10-8) |leGosonoase 73.0 Coil 92.3 7.7 
WOMISIANA= o-oo se cece 3 6.8 5.9 67.4 29.6 64.2 35.8 
Apssigsh [Mido bdemasdsdodasonbe 3.6 8.7 4.8 73.1 9.8 81.8 18.2 

pAoonbansbhoonscdodoanollseseadheousec Bo Rae agas YEOH bon aSaden TD sOulesstepoase 
Nor tn Carolina: 2-222 es 8. 10.8 10.8 34.9 9.9 33.6 20.7 79.3 
Oklahoma-..........2.2--...- -8 31.0 1.5 RY eSSoceeaae 97.7 2.3 
South Carolina. ............-- 5.8 13.5 44.0 9.6 27.1 23.1 76.9 
MRETITMIESSER a eee as oisc sees ce =| ssiseeceeseme 3.5 6.0 85.7 4.8 89.2 10.8 
Nib d: Ce Rare bat Aner ee See See 1 25.4 9 (RAG ee ee eae 99.0 1.0 

In the aggregate, two-thirds of the cottonseed meal was used as 
feed and one-third as fertilizer. There is a considerable variation in 
this respect between the different States. In Arizona, California, 
Illinois, and Missouri all of the cottonseed meal was reported as being 
used for feed, and in Oklahoma, Texas, Tennessee, Kentucky, and 
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Arkansas more than seven-eighths of the cottonseed meal was so 
used. On the other hand, in the Eastern States a greater proportion 
was used for fertilizer. The highest proportion used for that pur- 
pose was 79.3 per cent in North Carolina, with South Carolina only 
slightly below that percentage, 76.9 per cent. In Georgia about one- 
half of the cottonseed meal was used for fertilizer and in Alabama 40 
per cent. These are the States that depend on the liberal use of fer- 
tilizer for the continuation of their chief industry, which is cotton 
growing. ‘The farmers in these States find it good economy to return 
the cottonseed meal to the soil so as to enable it to produce the maxi- 
mum amount of new cotton plants. Itisa characteristic of the cot- 
ton plant that comparatively little plant food is removed from the 
soil provided the seed is returned to the ground. 

POTASH-BEARING MATERIALS. 

A special schedule was sent to all the producers of potash. The 
returns on this schedule refer to the years 1917 and 1918. The1918 — 
returns are based on actual operations for the first nine months and 
on estimates for the remaining three months. Table IX shows the 
quantity of potash produced from each of the principal sources and 
the proportion derived from each source. 

TaBLE IX.—Potash produced from the different sources during 1917 and 1918. 

Quantity of KeO | Percentage oftotal 
produced (2,000- KO produced 
pound tons). from each source. 

Source. 

1917 1918 

Motalifromiallisources sees ese ee eee Loe 32, 258 

Mineral sources: 
ReSpysiauios AisereeNeaD nett Adee aay sate Rs Dida tea Ramm. al VANE 25, 450 

Ge a ile Ses Ey is AA Nea Ce aa a 3a 21, 445 
Flue Giae from blastifumacesss === gases: eas eee eee ee 24. 
Cement Gust ye eo coe cece eicphs eicte)s etlaaiaisinaie hs epee aise 1, 454 
AMUN beers th eee ooh base epee dace aan = see his eee? 2,306 
bo) EY ee ere et alge UR NE Ges ree EN et ed ae 
Greensand’: ,..)./:J5asesce We eps Sad Naiaa nec Gans Sate Meee els lees cleeeae 

Organic sources: 
Hi Wa) LR Ds i enpee 1) he Siei aeeRe A  en Oe 6, 808 

TEC Dp pea Ce Peerage NO | eae ld AR alg |e 3,372 
Tobacco WiaSLOR fo <a iteb cts epseeiincisicicin< aia ioe eee eee cols - 2,006 
Beet-sugar factory waste........-....5--------2-2c2e------e 1, 134 
Woodiashes So: hee tian Seetce Sak cub leet aie eae Se es toa 296 

The total potash produced during 1918, as reported to this office, 
including estimates for the last three months, was 53,500 tons, a fig- 
ure which exceeds by about 1,400 tons the more recent estimates 
made by the Geological Survey. This difference is probably due in 
part to the fact that actual production during October, November, 
and December, 1918, was not as great as had been expected by the 
producers. The returns, moreover, fail to include potash extracted 
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from molasses-distillery waste, of which 2,846 tons were produced in 

1917 and 3,322 tons in 1918, according to the Geological Survey 
estimates. When this quantity is added to the above total, the pro- 
duction appears to have been about 57,000 tons. It seems likely, 
therefore, that the total production for the year fell not less than 
3,000 tons, and probably over 5,000 tons, below the estimate of 
60,000 tons current during the year. It will be seen that more than 
four-fifths of the potash is derived from mineral sources and that 
among these sources lake brines alone account for considerably over 
two-thirds of the potash. The next most important source in 1918 
was kelp, the giant seaweed of the Pacific coast, from which over 
5,000 tons of K,O was derived during the year. Some of the other 
important sources are alunite, beet-sugar factory waste, cement dust, 
and tobacco waste. 

With the signing of the armistice and the aneneon of hostilities 
the question arose whether the American potash industry which was 
created by ‘the war emergency will be able to survive under normal 
conditions. In prewar years the United States consumed about 
250,000 tons of potash a year, practically all of which was imported 
from Germany. When the German supply was cut off in 1914, the 
United States turned its attention to domestic production, which has 
increased from year to year, reaching during 1918 the figure of 53,000 
tons, or about one-fifth of the annual prewar consumption. Some 
crops probably have suffered during this period from a lack of potash, 
but the main needs of the country were supplied in spite of this tem- 
porary decline in the consumption of potash. The price of potash 
rose from between 75 cents and $1 a unit to between $4 and $5 a unit, 

and even more, and with this great increase in price the domestic 
manufacturers entered the field of production. Whether they will 
be able permanently to compete with European potash is an open 
question. 

PRODUCTION OF MIXED FERTILIZERS, 

Table X shows the production of mixed fertilizer during 1917 and 
1918. It also shows the CRRE EG of acid phosphate and other ingre- 
dients sold as such. 

TaBLE X.—Production of mixed fertilizer and fertilizer materials sold as such reported by 
fertilizer manufacturers. 

[2,000-pound tons.] 

Kind of material. 1917 1918 Kind of material. | 1917 | 1918 

Mixed fertilizer produced..| 4,442,528 | 4,957,799 peaBEaee Se dma vce m 2 tate ee: 8,114 -37, 827 
Materials sold as such: BlOGd 2 hes. sack woe 3, 126 2,304 

Acid phosphate........ 2,097,232 | 2,024,574 || Fishscrap..............-.. 1,749 1, 889 
Phosphate rock........ 393 542 || Cottonseed meal........... 6, 682 7, 987 

ones: Natural guano..........--- 1,152 6, 266 
Raw bones.....-.- 10, 023 7,532 || Nitrate ofsoda......-...-- 7, 241 1, 334 
Steamed bones.... 698 3, 249 || Ammonium sulphate. ...-.- 531 2,334 
Raw bone meal.... 11, 379 15, 707 || Cyanamid............--.--- 117 4 
Steamed bonemeal 683 1, 336 
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Of the 2,000,000 tons of acid phosphate reported sold as such, a con- 
siderable quantity was sold to dry mixers who used it in preparing the 
final product. The quantity of acid phosphate used by dry mixers in 
1917 was 494,261 tons, leaving about 1,500,000 tons of acid phos- 
phate sold for direct application-to the soil. The quantity of mixed 
fertilizer produced was 4,443,000 tons in 1917 and 4,958,000 tons 
during 1918. Certain quantities of bone, tankage, blood, fish scrap, 
and cottonseed meal were’sold in their original state; also some 
nitrate of soda, but beginning with July, 1918, practically no nitrate 
of soda was sold as such. 
Brands.—Kach fertilizer manufacturer was asked to give the quan- 

tity of each grade of fertilizer he produced during the periods referred 
to in the schedule; also the names of such fertilizers and the crops 
for which they were recommended. Table XI ‘gives the quantities 
of each of the principal grades produced in 1917. 

TaBLE X1I.—Distribution of fertilizer produced in 1917, by grades. 

roduced| ° | Cumul | are Pet | ¢ 
Pe. ae centage Cries & PD yee centage itive 

Grade. D of total Grade. ¥ of total 
pou produc- oa ae d | produc-| , Pe 
ons) | tion, | centage. ons) im tion, | centage. 

Total goods for Total goods for 
which grade which grade : 

was reported. 3, 179, 1385 LOO Ss. BSS was reported. 3, 179, 135 100 ee evetevee 

NHz |) P2Os | K20 NHz | P20s | K,0 
2 10 0 | 340, 664 10.71 10.71 2 9 2 13, 356 42 73.17 
3 9 0 } 193, 468 6. 08 16.79 1 12 1 12, 640 .39 - 73.56 
2 12 0 | 164, 830 5.18 21.97 4 8 3 12,549 .39 73.95 
2 8 2 163, 756 §.15 27.12 1 7 1 11, 605 .30 74.31 
4 8 0 | 187, 737 4.33 31.45 3 9 1 “11,381 .30 74. 66 
3 8 QO | 126,192 3.96 35. 41 3t 9 0 11,199 .30 75.01 
2 10 2 91, 618 2.88 38. 29 3 11 0 11, 100 34 | 75.35 
4 10 0 79, 749 2.50 40.79 1 8 2 10, 956 .34 75.69 
5 10 0 74, 289 2.33 43.12 3 12 9 10, 938 34 76.03 
1 10. 0 | 72)879 2.29 45.41 1 9 O |} 10,511 .33 76.36 
3 8 2 66, 830 2.10 47.51 3 5 0 10, 419 .32 76. 63 
3 10 0 54, 585 1.71 49,22 14 9 1 10, 340 Bary 77.00 
1 Saal 54, 331 1.70 50. 92 1.65 10 0 10,116 .3l 77.31 
3 8 3 47, 546 1.49 52.41 4 8 1 9, 956 -31 77.62 
2 9 1 43,977 1.38 53.79 4 ll 1 9, 894 -31 77.93 
5 8 0 39, 042 1,22 55.01 1 11 0 9,217 28 78.21 
7 8 0 34, 307 1.07 56.08 14 10 0 9, 207 . 28 78.49 
24 8 1 | 34,277 1.07 57,15 1 2 14] 9,198 .28 78.77 
A 12 0 30, 964 97 58.12 2 ll 1 8, 814 27 79.04 
2 11 0 30, 491 .95 59. 07 4 ll 4 8, 560 . 26 79.30 
24 8 0 | 30,491 95 60. 02 4 L2H 8 8, 500 .26 79.56 
4 6 0 | 27,957 .87 60.89 Af ee eal 8, 336 .26 79, 82 
0 16 3. 27,769 87 61.76 7 9 0 8, 296 . 26 80.08 
3 12 0 27, 499 . 86 62. 62 4 12 0 7, 960 .25 80.33 

3 8 1 26,992 . 84 63. 46 4 10 0 7, 952 .20 80.58 
14 10 0 24,352 - 16 64. 22 4 Tk 0 7, 604 23 80. 81 
4 8 2 | 24137 75 64.97 32/10 «(0 7,412 i) 81.04 
4 8 4 21,955 . 69 65. 66 2 27 0 7,377 . 23 81.27 
1 10 1 21,915 . 68 66.34 0 10 2 7,273 ~22 81.49 
2 8 0 21, 796 . 68 67.02 13 7 0 7, 162 .22 81.71 
1 8 0 20, 390 -64 67. 66 1.65 ll 0 6, 931 21 81.92 
2 10 1 19,755 . 62 68. 28 1 8 3 6,798 21 82.13 
23 9 2 19, 222 . 60 68.88 3 9 2 6,614 . 20 82.33 
1 9 1 | 16,960 53 69. 41 5 S15 23 6, 389 . 20 82.53 
22 8} 13] 15,906 .50 69. 91 4 9 0 6, 327 19 82.72 
2 9 0 15, 897 .50 70.41 25 10 0 6, 107 .19 82.91 
6 7 0 15, 816 -49 70.90 4 10 1 5, 997 18 83.09 
3 ‘24 0 15, 637 -49 71.39 6 10 0 5, 888 -18 83. 27 

von 3 1 15, 000 47 71.86 2 113 0 5, 689 17 $3. 44 
2 8 1 14,719 - 46 72.32 2 8 3 5, 559 -17 83. 61 
5 7 0 13, 949 -43 72.75 1 10 I 5, 484 17 83.77 

ES ——— Se 

ee re 
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TaBLeE X1I.—Distribution of fertilizer produced in 1917, by grades—Continued. 

Quantity Pee Quantity Bors 
produced Cumula- preduced Cumu- 
(2 centage | “ tive (2,000- | Centage! jative 

Grade. 2 of total Grade. 2 of total 
yous roduc-| , Pet pound | produc-| Pe 
tons) in pee centage. tons) in 1G ia centage. 

1917. a 1917. 

Total goods for Total goods for 
which grade Which grade 

was reported. 3, 179, 135. OOH Pe 155 SS was reported. 3, 179, 135 100) 212-1 2ea32 

NHz | P205 | KO NH | P205| K,0 
4 8 1 5, 423 ails 83.95 |{ 10.09 9.05 0 2,009 06 90.70 
4 8 0 5,419 Ait 84.12 0 12 2 2,005 -06 90.76 

5 6 0 5, 298 -16 84.28 4 10 3 2,003 -06 90. 82 
6 12 0 5, 082 -16 84.43 4 5 0 1,989 06 90. 88 
2 12 4 5,015 28) 84.58 2 10 4 1, 959 06 90. 94 
1 10 5 4,790 AG 84.73 2 8 3 1,945 06 91.00 
3 8 3 4,761 14 84.87 4 «230 0 1,917 -06 91.06 

3 9 3 4,717 14 85.01 1 11 4 1,913 -06 91.12 
2 7 2 4,711 14 85.15 1 10.18 1 1,891 -05 91.17 
43 9 5 4,685 .14 85.29 7 7 1 1,838 05 91.22 
6 8 0 4,629 14 85.43 44 oO) 0 1, 823 -05 91.27 
1 1305520 4,493 14 85.57 1 15 1 1,815 -05 91.32 
2 9 3 4,522 .14 85.71 4 8 4 1,812 -05 91.37 
23% 12 0 4,391 13 85. 84 64 30 0 1,775 -05 91.42 
1G 4 | 4,357 .13 85.97 0 ee i 1,764 .05 91.47 
Pye 163 1 4,294 .13 86. 10 5 OF er0 1,751 -05 91.52 

4 7 1 4, 254 13 86. 23 4 7 0 1,704 05 91. 57 
2 27 0 4,214 -13 86.36 uu 13 0 1, 682 -05 91.62 
4 au 3 4,130 212 86.48 2 11 4 1,661 -05 91.67 
3 10 1 4,049 212 86.60 % 50 4 1,655 05 91.72 
14. «19 0 3,979 12 86.72 5 8 4 1,637 -05 91.77 

1.65 12 0 3,930 12 86. 84 12 9 0 1,620 -05 91.82 
2 3 1 3,776 11 86.95 3 15 0 1,617 05 91.87 
3 23 0 3, 704 BL 87.06 z 14 0 1,588 04 91.91 
Zi AO 3 3, 662 -ll 87.17 ies 12 0 1,585 - 04 91.95 
3 15 0 3, 655 sal 87.28 di 8 1 1,578 -04 91.99 
5 8 2 3, 569 ll 87.39 4. 10 0 1, 564 04 92.03 
1 “4 0 3,496 -10 87.49 4 7 4| 1,562 .04 92. 07 
5 7 3 3,377 10 87.59 2 of 13 1, 554 04 92.11 
12 20 0 3,345 10 87.69 1.65 1 4 1, 553 04 92.15 
5 7 1 3, 343 -10 87.79 1j 7 1 1, 544 04 92.19 
u 8 0 3,317 10 87.89 64 7 3 1,543 04 92. 23 
1 8 4| 3,275 -10 87.99 5.5 a) 1,524 . 04 92. 27 
1 13 0 3, 242 -10 88.09 2 14 0 1,512 04 92.31 
7 7 0 3,172 .09 88. 18 1.65 BW 1, 506 04 92.35 
4 11 0 3, 074 09 88. 27 8 8% 0 1, 462 04 92.39 
2 28 0 3, 047 -09 88.36 34 20 0 1, 453 04 92. 43 
if 23 0 3, 002 -09 88.45 5 7 4 1,449 04 92. 47 
14 12 0 2,942 -09 88. 54 2 20 0 1, 443 .04 92. 51 
5 8 1 2,913 09 88. 63 2 8h 14 1,441 04 92. 55 
4 6.07 5 2, 850 . 08 88.71 2 6 3 1, 416 -04 92. 59 
1 20 0 2,815 - 08 88.79 4 8 2 1,395 . 04 92.63 
14 10 1 2,771 - 08 88. 87 3 10 12 1, 392 . 04 92. 67 
3 8 4 2,762 . 08 88. 95 12 9.55 0 1,382 . 04 92.71 

2.9 8 2 2, 583 .08 89. 03 44 D4 0 1,378 04 92.75 
7 a 3 2,517 -07 89.10 4 13 Z 1,373 04 92.79 
4 9 1 2,508 -07 89.17 4 9 2 1,348 - 04 92. 83 
5 6 3 2,507 .07 89. 24 1 29 0 1,322 04 92. 87 
5 7 5 2, 499 -07 89.31 44 104% 0 1,310 . 04 92.91 
1 9 2 2,485 07 89.38 54 7 0 1, 296 -04 92.95 
2 8 4 2,469 -07 89.43 ok 16 -3 1, 239 - 03 92.98 
24 8 2 2,432 .07 89.52 4 1s 1 1, 239 03 93.01 
3 9 3 2,386 -07 89.59 i 9 1 1, 235 03 93. 04 
4 6 3 2,382 -07 89.66 3 12 1 1,212 .03 93.07 
1 2 10 2,366 .07 89.73 1.21 9 1 1, 204 . 03 93.10 
6 7 2 2,361 .07 89.80 5 6 3 1,197 03 93.13 
43 8 1 2,310 -07 89.87 4 10 4 1,176 -03 93.16 
4 6 1 2,306 .07 89.94 8 8 0 1,175 02 93.19 
4 9 4 2, 299 -07 90.01 24 13 0 1,150 03 93. 22 

6 6 0 2,289 .07 90. 08 1 12 3 1,096 03 93. 25 
A 10 1 2; 267 -07 90.15 6.07 HORS 1,068 -03 93. 28 

1 10 2, 248 -07 90. 22 4 19} 3B} 1,054 03 93.31 
1 9 0 2,187 -06 90. 28 i 10 1 1,052 -03 93.34 
440° «2B 0 2,119 - 06 90.34 1 10 1 1,045 03 93.37 
4 6 2 2,118 - 06 90. 40 5 5 0 1,027 -03 93. 40 
2 12 1 2, 104 06 90. 46 Yo Paley 0 1,000 .03 93. 43 
2 16 0 2,104 06 90. 52 1. 22 10 0 1,000 03 93.46 
2k 9 0 2,031 - 06 90.58 || All other grades (724! 
= 0 2,013 .06 90. 64 grades)........... 132, 125 EEN aaa seme 
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The reports by grades were satisfactory for a total of over three 
million tons of mixed fertilizer, or about two-thirds of the total 
reported as manufactured during 1917. These figures may be con- 
sidered sufficiently complete to be indicative of the general situa- 
tion. Table XI shows that 218 grades were manufactured in quanti- 
ties of 1,000 tons or more. These 218 grades comprised over 95 per 
cent of the total mixed fertilizer produced, while the remaining 4 and a 
fraction per cent of the mixed fertilizer was distributed in small 
quantities among 724 grades. Thirteen grades carried about one- 
half of the fertilizer business, the leading ones being 2—10-0, 3-9-0, 
2-12-0,3-8 2ea=8 0. 3-8-0, 2-10-98 410-0, 5 kee, 110-0, 3=e-2. 
3-10-0, and 1-8-1. It will be noted that only four of this list contain 
any potash, namely, grades, 2-8-2, 2—10-2, 3-8-2, and 1-8-1, which 
had only 1 or 2 units of potash. This condition was primarily due 
to the scarcity and high price of potash. 

The most significant fact brought out by the tabulation is that 
the number of grades in the market could be reduced to less than one- 
fourth of the present number without cutting down the production by - 
more than 4 per cent of its present quantity. 

There is a strong feeling in the industry that it would be helpful 
if the number of grades manufactured were restricted in some way. 
A trade agreement along that line would be advantageous, not only to 
the fertilizer manufacturers, but also to the farmers. A large number 
of different grades of fertilizer are produced which differ so slightly 
from each other that no perceptible difference in their effect on 
plants can be expected. 

STOCKS. 

The schedule sent to fertilizer manufacturers included a question 
referring to stocks of different materials on hand on January 1, 1917, 
January 1, 1918, and June 30, 1918. This information was asked 
for when the end of the war was not in sight and when it was pro- 
posed to have a periodical inquiry every three months or every six 
months. The main purpose of the inquiry was to ascertain whether 
the stocks of any ingredient were getting low, in order to take measure 
to avoid the shortage, and, on the other hand, to see whether any 
materials were being unduly hoarded by some firms at the expense 
of other firms. Since there is no immediate prospect of continuing 
the periodical reports, the information on stocks loses much of its 
value. It is, however, appended here (Table XII) because it may be 
of some interest to the users of this bulletin. 

The stocks on hand on June 30, 1918, were much lower in nearly 
every case than they were on January 1 of either of the years 1917 
and 1918, a natural result of the fact that most of the production and 
sales of fertilizer take place in the first half of the year and that, 
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therefore, the stocks on June 30 are at a low ebb. One of the items 
worth noting in connection with the stocks is the increase in the stock 
of potash in 1918 as compared with 1917. The production of potash 
in this country had increased decidedly and the stocks on hand were 
much larger than a year earlier. The stocks of sodium nitrate were 
greater in January, 1918, than in January, 1917, but the stocks of 
ammonium sulphate had declined and the stock of cyanamid was very 
low owing to the fact that cyanamid was practically all requisitioned 
by the Ordnance Department. The supply of tankage and of dried 
blood was lower in 1918 than in 1917, owing to the great demand for 
these materials as feed. On the other hand, cottonseed meal was 
represented by a larger stock in 1918 than in 1917. 

TaBLe XII.—Stocks of mixed fertilizer and of fertilizer materials reported by fertilizer 
manufacturers. 

[2,000-pound tons.] 

4 A Jan. 1, Jan. 1 June 30, ra : Jan. 1 Jan.1, | June 30, 
eee | tony.” Il 191s.” |} 1918) ".||aeens OF Material) “1077. lyeiel@tss lgalOree 

| 

Mixed fertilizer. ...-- 654,217 | 644,453 270,327 || Nitrogenous 
IPAVTIL ES eee sates cisi~ a= 238,085 | 233,251 | 203,070 materials: 
Sulphuric acid. ..... 79, 566 97,323 99, 712 Sodium nitrate... 55, 782 104, 818 47, 488 
SHIDHU To ontin conn 11,357 47,393 45,147 Ammonium sul- 
Agricultural lime-... 6, 834 8, 086 6, 336 DPHAte sso -cese eee 24,591 22, 880 32,786 
Agricultural salt....| 1,260 411 679 || Cyanamid.......-- 19, 272 5, 730 1,525 
Phosphatie materi- Nitrate of Lune. Pee 129 348 4 

als: Ammonium phos- 
Acid phosphate ...|1, 207,171 |1, 434,900 | 742,929 sphate..... p S000 1,911 1,507 2,606 
Phosphate rock ...} 230,905 | 315,175 | 271,012 Tankage— 
Steamed ground Animal tankage 
ones nea: 15,047 | 18,970] 24,260 (highgrade).-.| 67,954] 43,993] 44,090 

Raw bone....-..--- 20,001 17,625 16,172 Animal tankage 
Basicslag...----.. 673 261 235 (low grade)...| 35,131] 26,650] 18,540 
Bone black. ....-- 393 134 163 Garbage tank- 
Bone ash...-....-- 43 33 33 CER sss aS aS 21,051 18, 407 18,380 
Other phosphatic Tankage(n.0.s.). 2,212 1,343 664 

materials -.--..- 21 153 109 Dried blood ......- 17, 499 15,353 10, 821 
Potash materials: Cottonseed meal...| 62,446} 107,266 60, 093 
Potassium sul- Fish scrap 
Mie gusescbene 3, 785 9,734 5, 668 (ried) eee 22,456 | 16,649. 6,517 

Potassium muri- Fish scrap 
AID ie as 5,026] 11,274 8, 767 (acidulated).....| 10,753 7, 857 5,949 

Potassium nitrate. 2,900 5,794 1,022 Castor bean |- 
Potassium car- (DOMACOs eee ee 5,671 12,095 4,471 

SOHALC] = .0-25<5- 1,365 1, 452 1,129 BIN oe ec cicceceee 1,782 3,395 2,635 
UG ase aere 2,183 540 105 Hoof meal......--- 1,470 2,466 2,042 
Manuresalts....-. 2,001 260 8 Hoofs and horns... 342 442 335 
Nebraska potash. - 2,344 9,376 7,166 Hidescraps. ...-.- 163 541 413 
Cement dust...... 1,657 3,859 4,820 Leather scrap or 
Furnace and flue MOA ee ste some 2,171 16, 028 24, 606 
GuStqeecccs< <= 5 893 1,920 995 Wool waste. -.....- 13 1, 490 6, 847 

Alunite*--.:-....- 89 2, 804 1,155 Tartar pomace....| 2,421 985 "904 
Kelp dried ........ 991 1,744 1,956 Peat(dry).-.-..-- 23 12300) [Ease ee 
Kelpjash .-....-.. 635 1,551 1, 454 Peat (wet)........ 1,000 500 500 
Kelp char -........ 5 222 132 neat (MkOS.) hoe. sacs eoeees 357 274 
Tobacco waste....| 16,672 19, 511 13,533 Peanut meal...-_. 211 1,079 219 
Wood ash and Natural guano..... 23,941 23,116 15,100 

other plant ash. 2, 881 2,509 3,519 Base goods........ 179, 283 230, 464 89, 162 
Manureash....... 637 1,356 551 Other nitrogen- ; : 
Meldspars-------- 73 713 707 ous materials. ... 8,777 9,174 5, 451 
Sugar factory Millers (252 eae 12,937| 16,909] 12,641 
o waste Beat: pee 708 1,169 2,132 || Other materials (n. ; ; 

er potas OD Wecsdoceoncosse 2,889 i 
materials........ , 600 9,087] 12,835 ) | ae pes 

127491°—19—Bull. 
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Heh te AND EXPORTS OF FERTILIZER INGREDIENTS OF IMPORTANCE 
IN FOREIGN TRADE. 

Exports of phosphate rock, ground or unground, not acidulated. 

HIGH-GRADE, HARD ROCK. 

[2,240-pound tons.] 

Destination. 1913 1914 1915 1916 1917 1918 

Europe: Tons. Tons. Tons. Tons. Tons. Tons. 
Austria-Hungary................-- | 36,679 23 4OGU | Meee iors cote | Mans tcrate lateral | eieyete seine imel | Stas areata 
Belevam es Ae see lite AS ee 17,603 19 40S sco abs 28 Fo Leek otis ches d aa coal pene 
(Deniarkie eos ene hee le ORM | es 6, 000 19, 200 5,302 A AQO I Mastek eae ale teeraterne rs 
HAT ATI COS yeas yh em Reel a yaad 8,400 SALOON eens hase cs es eS Srpers epeore lic unceass e 
Germany eee ee ese ae nee 259, 421 241,560 TUZfagte ate | Maer eno ath eel nl a cote 
YT aa REO ee ak aria 8,775 AKU OA GY | peer este amare Ne Sac WO cs NN Va sp 
Netherlands 2/20) 20S) e See ee 76,630 98,623 SD OOSE ese cree cael eee eer oaremteen ese 
TINT fase UE RE NIE Sly Grea ara Ie ekae ce Se na es Shs | ae eo ony oes 3,104 8,356 
Portman ten 4,800 760 56635 e-- nse = eee 
AEE OULTIA ATA a RRR Stee A ee ek CPSU at Pee ie a fal Ma ag ie eed ae Pa da PR MAR ed nl 
FSF OL West eee ey ON Soa rete a 12,399 20,493 3,421 HU 920 RAR ale ea eee 
SIG iets eee a ee Cae, | 23,495 14, 720 9,566 28,195 11, 559 13,551 
United Kingdom— 

1 Mhra ved Fema bea OU 5 Beer a ey aa ee | 20,388 3,950 LOO) | aire eres) | ee eres 1,850 
Scotlands... 2seseses sees et 4, 320 9,708 ge eerie ere ieised eeeipmiceseicil leeaeereiecicics 
Trelande se ase ew hehe ee 13,765 GROOO Nee ee eee Se aeee | ae Cee ellie ele 

North America: ”* ; 
MS TUTLS Hy ELOTIEUIRAS epee oe Ween aun ep al a ene | ReaD Bie aan eatrome| Saree erne 
(OPN TVEYG IRR AU Sioa ORCAS Derk ee A 2 [tee tere oar race eye 147 300 235 
MOKA COS erase Boy june ere Ms amet pale ata aE Tac es Ac MRS aU I tae ale on are 10 
West) Indies—Cuba:.). 0.4 AALS ee AO TOME AB IS oe ee A SS De es Se 45 

TOG ALES Hk. Ne SES ee oh a 494, 200 475,335 46,005 44,330 14, 963 24,047 

Recapitulation 
ULOPO Mies aD eee 494,175 475,335 46, 005 44,178 14, 663 23, 757 

North America...............-..--- Iara doo Ter eas Ee ace 152 300 290 

Europe Dollars Dollars Dollars Dollars Dollars. | Dollars 
Austria-Hungary...............-.-- 366, 790 234,660 fe oo. 8 ae. 3a a a 
Belgium........ py AE ee A 2 ca 176, 030 TOA ROSO Ik Se te OM RSE es Pat ate eg A ERE 
Denmark. 3.82 Gees se VS 60, 000 “192,000 53, 020 44" 000} | eer PIE SEBS 
Mraneesee Se! 2.) WA BE. ob | 84, 000 BZ, OOO i eae 2 tl Ge I eee! 
Germany 3556485) ee 2,594,210 | 2,415, 600 178,380.) eee aoe fev ee eee 
Thali ease BG oe SS Ve a 87, 750 BOD STOO eae CANE ot RNC eae Sl OR cL 
Netherlands: 2 2 ese ke ps aaa 766, 300 986, 230 BOKOSO MW E52) Ses So ee a ee 
Be) aL 213/25 eyes SAS ES RS ENP aL) CC 3 U2 | or a || ee 31,040 61, 210 
Portales ee SES ee oh a aye Sn linen Siar Fe 48,000 7,600 56,630) 2 Sau eer 
ARVOUMANIAs sos fee ee ee GEEOOO) Nae eT er ANE MSN ee Aare Sh oe a RI 
S Pa Ca PN ON La oa 123,990 204,930 | 34,210 59 200s aro ercevcee fe aes 
Swedenees aie a ae 234° 950 147, 200 95, 660 267; 753 | 115,858 99,677 
United Kingdom: : 

England...........- ati 2 ee, a 203,880 | - 39,500 AG; 000 1) re Sa EEE 9, 250 
Scotland...........-- eu 43, 200 97, 080 SO ROOM Se cscs See RR eet 2 
Treland..... YEN A SUA ID 2S BYE) GOO00: 18 Soe A. 2c a ee re cae ets I oe 

North America: 
Britishiondurasis=! 22 8. 2 -SAS eee rE 2 | a lial. ha 5Qs boc ee Se 
ren TSVG Faia OME (Ar a Gan rai 250°| Rea eae sees 1,497 3,607 3,513 

IMORICO Lo ee ee Uae iaccs ih ape i agmpin Rie aig || es 10 RS SN Acne a UN IIb eh eae 108 
IWesthimdies*=Ctbaw. #258 a Sin Ce eepege so) Sa SOE CRs SoU eee ee One 615 

a lotaleee see teeeee--------2---.| 4,942,000 | 4,753,350 460, 050 429,130 | 150,505 | 174,373 

Recapitulation: : 
WMULOPOsMe steele es 5 WS ee 4,941, oN 4,753,350 | . 460,050 427,583 | 146,898} 170,137 
North America geo 2 oP lee ane 250) | Up Saeaeg ek ee Paell 1,547 3,607 4, 236 

Eee 

Deities ek 

eet 
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Destination. 

Ae et 

United Kingdom— 
MNP aN tres srr ete ee seese te 
Scotlands. 25s 2 2222... See ses 

West Indies—Cuba........--------- 
EAGT GY 0 RE See ee ee tore yee 
Oceania—British—aA ustralia.......---.. 

Recapitulation: 
WHTOPCSa = 25-25 tose soc aeicceeaesce 
eNorthyAmerica. 222-2255 <5 5-022 

Europe: 
Austria-Hungary. -..-..--.-22-2.--- 
Belgium 

Englan 
Sern bt (6 (ee eee anon eee eet teed Dd 

Exports of phosphate rock, ground or unground, not acidulated. 

LAND PEBBLE. 

[2,240-pound tons.] 

1913 1914 1915 1916 1917 1918 

Tons. Tons. Tons. Tons. Tons. Tons. 
Neat sae 3 ae ii Sek oe a le ee 

106,098] ean 537 |=. 11: 8001 Less) see 4,769 
15, 950 6, 9) 000) | eee: ieee ec eS 

113,014 | 159,927 5,900 |  14,537| 14,536] 10,438 
104,470 | 122/316 ERGs Fc Sia eee» eae age del be 29 
78,172} 1147601 22) 055 2, 864 6, 069 1, 440 
77,293 | 124, 579 15, 084 45,289 |  28°686 |......... 

i aerecatea 4 BAe 8 Se Sie Sa Nee Ee We 
54,599 | 53,998] 51,839)  75,987| 61,897 | 32,359 
18, 960 SEAGOS Nf Te 23,280 | 17,867 4) 357 

83,584} 104,840 49, 642 34,656 | 16,794] 28,115 
30, 800 13, 980 10, 070 19, 876 4,699 5,100 
22; 300 40, 400 33, 400 31,483 | 17,540 4’ 000 

4,366 118 3,000 3, 734 4,004 5, 545 
ge me OE PS 8 SAN NO ie alas 6,002 | 14,786 

67, 392 ESIC 7A (2 SS Se iE ae i Be 
DR RE ON. ae LAR TeoT  ee Pideiae  ae S8 

777,898 | 1,000,630 | 222,472 | 255,206 | 178,094 | 110,909 

706,140| 912,508| 214,340] 251,472] 168,088] 90,578 
4, 366 118 : 3,734 | 10,006] 20,331 

67,392 SHRORS IE Mek eR ao ge Cee | co ae 
aieraaee | ae Gio eee | as AMD GL a” 8 

Dollars Doers. Dollars Dollars. | Dollars. | Dollars 
eee 1 pe) aR ED] esas papa Ee 

641,985 | 765,210] 67,300 |.....-..... 1 ee ee 16, 930 
95, 800 37, 200 AS TODO Se eee ete clea 

674,284 | 943, 603 35, 400 52,977 | 38,648 | 41,774 
607,224 | 694, 146 30 ADDF Ses co te = eet Te eae 
451,160 | 669,556] 122° 030 17,184 | 16,387 4,320 
451,558 | 731,780 — 83,907 | 254-454} 130,779-|-........ 

pee DBERAD |e 6 Ao ea Se DION yee Lk eae 
317,554 | 313,968 | 307,640 | 412,662 | 263,022 | 151, 467 
113, 760 | . -206, 400 |........... 123,012 | 88,261} 247055 

493,111] 621,740] 293,622| 172,244]  47,765| 119,502 
181,800 | 83,880 58, 800 97,040} 20,300] 18,337 
119,100 | 219,600] 186,100] 154,037] 63,531 | 15,000 

26,274 562} 18,000]  20,267| 15,229]. 21,511 
ee oon ns | ME Ce eee esl Ee 21,329 | 43) 487 

ASTRA Se ee eae eee 
Oceania—British—A ustralia...........- 

Year. Quantity. 

; - Tons. 
1909 5 se JS es 2s. toe oe 329, 124 
IG LS SSeS 538, 119 
pC ee Re ee 528, 435 
1912s es eS ok 475, 560 
TY es a eee a a 573, 778 

4,577, 962 | 5, 857, 969 

4,147, 336 | 5,333, 883 
26; 274 ” 562 

404, 352 523, 524 

1,304, 610 
20, 267 

Value. Year. Quantity. Value. 

Dollars. Tons. Dollars. 
115206, 083s POtaee on GO wat ee 561,209 | 17,808, 763 
165225, 206) ||SI9t pes coe 5 oe ey ee 577,120 | 16,355,595 
16, 244° S12 aS TG ee ae oe SS i 067; 005 | 31,911,384 

15193, NOM POR As ot eS 1,261,659 | 447 231/240 
19,942; 4191 pIGIS@ as eS ee 1, 606, 498 | 70; 103, 459 
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GOVERNMENT PUBLICATIONS PERTAINING TO FERTILIZERS. 

Notr.—The following publications were all issued by the United States Department of Agriculture 

unless otherwise indicated. 

GENERAL. 

Agricultural production for 1919. Secretary Cire. 125. 27 p. 1919. ‘‘Fertilizers,’’ 

p. 23. 

Beavers, J. C. Farm practice in use of commercial fertilizers in South Atlantic 

states. Farmers’ Bul. 398. 24p. 1910. 

Commercial stocks of fertilizer and fertilizer materials in the United States as re- 
ported for October 1, 1917, Secretary Cire. 104. 12p. 1918. 

Farm fertilizers. Plant Industry. B.P.1.631. No. “‘A’’-72. 8p. 1911. 
Farm fertilizers. Plant Industry. B.P.1.692. No. ‘‘A’-77. 14p. 1911. 
Fertilizer. War Industries Board. Price fixing bulletin, no. 8. Mimeographed. 

33 p. November, 1918. 

Fry, William H. Identification of commercial fertilizer materials. Dept. Bul. 97. 

"13s, 19148 
Gardner, F. D. Fertility of soils as affected by manures. Soils Bul. 48. 50p. 1908. 

Gardner, F. D. Manurial requirements of Leonardtown loam soil of St. Mary County, 

Maryland... Soils Cire. 15. 13 p. 1905. 

Gardner, F. D., and Bonsteel, F. E. Manurial requirements of the Cecil silt loam of - 

Lancaster County, South Carolina. Soils Cire. 16. 7p. 1905. 

Gardner, F. D., and Bonsteel, F. E. Manurial requirements of the Portsmouth sandy 

loam of the Darlington Area, South Carolina. Soils Cire. 17. 10p. 1905. 

Loew, Oscar. The physiological réle of mineral nutrients in plants. Plant Industry 
Bul. 45. 70 p. 1903. 

McBryde, J. M, Fertilizers for cotton. Farmers’ Bul. 14. 31 p. 1894. 

Mercier, W. B.,and Savely, H. E. Farm manures and fertilizers. States Relations 
Service. S.R.S. Doc.30. 14p. 1916. 

Pogue, Joseph E. The mineral industries of the United States: fertilizers: an inter- 
pretation of the situation in the United States. Smithsonian Institution, Bul. 
102, pt.2. 22p. 1917. 

Report on fertilizer industry, 1916. Federal Trade Commission. xx+269 p., 10 pl. 

1916. (Same issued as S. Doc. 551, 64th Cong., Ist sess.) 

Ross, William H. Fertilizers from industrial wastes. Yearbook 1917, p. 253-263. 

Sep. 728. 

Ross, William H. The use of radioactive substances as fertilizers. Dept. Bul. 149. 
14p. 1914. 

Schroeder, J. P. Fertilizer value of city waste. Part I1, Utilization of garbage waste. 

Reprint from the Journal of industrial and engineering chemistry, v. 9, no. 5, p. 

513. May, 1917. 
Skinner, J. J., and Beattie, J. H. City street sweepings as a fertilizer. Soils Circ. 66. 

8p. 1912. 
Turrentine, J. W. Preparation of fertilizer from municipal waste. Yearbook 1914, 

p. 295-310. 2 fig. Sep. 643. 
Voorhees, Edward B. Commercial fertilizers, composition and use. Farmers’ Bul. 

44, rev.ed. 3837p. 1906. 

White, H. C. Manuring of cotton. Farmers’ Bul. 48. 16 p. 1897. 

Whitney, Milton. Fertilizers for corn soils. Soils Bul. 64. 31 p. 1910. 

Whitney, Milton. Fertilizers for cotton soils. Soils Bul. 62. 24 p. 1909. 
Whitney, Milton. Fertilizers for potato soils. Soils Bul. 65. 19 p. 1910. 

Whitney, Milton. Fertilizers for wheat soils. Soils Bul. 66. 48 p. 1910. 
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Whitney, Milton. Fertilizers on soils used for oats, hay, and miscellaneous crops. 
Soils Bul. 67. 73p. 1910. 

Woods, A.F. Fertilizers for special crops. Yearbook 1902, p. 553-572. 
Woods, A. F. The relation of nutrition to the health of plants. Yearbook 1901, p. 

155-176. pl. II-VIII. Sep. 225. 

AMMONIA. 

‘Boykin, E. B. Comparative value of whole cotton seed and cottonseed meal in ferti- 

lizing cotton. Farmers’ Bul. 286. 14 p. 1907. 
Brown, Frederick W. The sources of our nitrogenous fertilizers. Yearbook 1917. p. 

139-146. Sep. 729. 
Gale, H. S. Our mineral supplies—nitrates. U.S. Geol. Surv. Bul. 666-Z. 4 p. 

[1917.] 
Gilbert, Chester G. Sources of nitrogen compounds in the United States. Smith- 

sonian Institution, Pub. 2421. [2]+12p. 1916. 

Lathrop, Elbert C. The nitrogen of processed fertilizers. Dept. Bul. 158. 14 p. 
1914. 

Method of sale of nitrate of soda to farmers by the United States Government. Sec. 

Circ. 78. 11 p. 1918. 

Schreiner, Oswald, and Skinner, J. J. Nitrogenous soil constituents and their bear- 
ing on soil fertility. Soils Bul. 87. 84p. 1912. 

Scott, Ernest Kilburn. The manufacture of nitrates from the atmosphere. Smith- 
sonian Institution Pub. 2291. [1]+359-384 p., il., 1pl.,2p.ofpl. 1914. (From 
Report, 1913.) 

Stuntz, 8. C., comp. Reference list of electric fixation of atmospheric nitrogen and 

use of calcium cyanamid and nitrate on soils. Soils Bul. 63. 89 p. 1910. 
Turrentine, J. W. Nitrogenous fertilizers obtainable in the United States. Dept. 

Bmesm 12 p: 1913: 
Turrentine, J. W. The fish-scrap fertilizer industry of the Atlantic Coast. Dept. 

Bul 22°50 p. “6 pl. 1913. . 
Turrentine, J. W. Utilization of fish waste of the Pacific Coast for fertilizer. Dept. 

Bul. 150. 7lp. 6pl. 1915. 
LIME. 

Loew, Oscar, and May, D. W. The relation of lime and magnesia to plant growth. 
Plant Industry Bul.1. 53p. 3pl. 1901. 

Loughlin, G. F. Lime in 1916. U.S. Geol. Surv., Mineral resources of the United 

States, 1916, pt., 2:4, p. 433-462. 
Loughlin, G. H. Our mineral supplies—limestone and lime. U.S. Geol. Surv. Bul. 

666-R. 6p. [1917]. 
Shorey, Edmund C. The principles of the liming of soils. Farmers’ Bul. 921. 30 p. 

5 fig. 1918. 

Stone, R.W. Ourmineral supplies—gypsum. U.S. Geol. Surv. Bul. 666-E. [1917]. 

3p. 

Wheeler, H.J. The liming of soils. Farmers’ Bul. 77 . Rev. ed. 23 p. 1905. 

MANGANESE. 

Hewett, D. F. Our mineral supplies—manganese. U.S. Geol. Surv. Bul. 666-C. 

[1917]. 12 p. 
Skinner, J. J., and Reid, F.R. The action of maganese under acid and neutral soil 

conditions. Dept. Bul. 441. 12 p. 1916. 
Sullivan, M. X., and Robinson, W. O. Manganese as a fertilizer. Soils Cire. 75. 

3p. 1913. 
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MANURE. 

Beal, W. H. Barnyard manure. Farmers’ Bul. 192. 32p. 1904. 
Brodie, D. A. Handling barnyard manure in eastern Pennsylvania. Farmers’ Bul. 

978. 24p. 4fig. 1918 
White, H. C. Barnyard manure. Farmers’ Bul. 192. 16 p. 1897. 

PEAT. 

Turp, James 8S. Peat in 1915. U.S. Geol. Surv., Mineral resources of the United 

States, 1915, pt. 2:34. 4p. 

PHOSPHORUS. 

Stone, Ralph W. Phosphate rock in 1917 with notes on phosphorus. U. S. Geol. 

Surv., Mineral resources of the United States, 1917, pt. 2:3, p. 7-18. 

Stone, R. W. Our mineral supplies—phosphate rock. U. 8. Geol. Surv. Bul. 

666-J. [1917] 4p. 
Waggaman, W. H., and Wagner, C. R. Analysis of experimental work with ground 

raw rock phosphate as a fertilizer. Dept. Bul. 699. 119 p. 1918. 

Waggaman, William H. The manufacture of acid phosphate. Dept. Bul. 144. 28 p., 

5pl. 1914. 
Waggaman, William H., and Fry, William H. Phosphate rock and methods proposed 

for its utilization as a fertilizer. Dept. Bul. 312. 37 p. 1915. ; 
Waggaman, William H. Phosphate rock our greatest fertilizer asset. Yearbook 

1917, p. 177-183. Sep. 730. 

Waggaman, William H. The production and fertilizer value of citric-soluble phos- 
phoric acid and potash. Dept. Bul. 143. 12p. 1914. 

Waggaman, William H. A report of the natural phosphates of Tennessee, Kentucky, 
and Arkansas. Soils Bul. 81. 36p. 4pl. 1912. 

Waggaman, William H. Report on phosphate fields of South Carolina. Dept. Bul. 

18. 12 p., 3.pl.. 1 fig., 1914. 

Waggaman, W.H. Review of phosphate fields of Florida. Soils Bul.76. 23p. 1911. 
Waggaman, W. H. A review of phosphate fields of Idaho, Utah and Wyoming. 

Soils Bul. 69. 48 p. 1910. 

Waggaman, William H. The utilization of acid and basic slags in the manufacture 
of fertilizer. Soils Bul. 95. 18 p. 1913. 

POTASH. 

Brown, Frederick W. Importance of developing our natural resources of potash. 

Yearbook 1916, p. 301-310. 3 fig. Sep. 717. 

Cameron, Frank K. Possible sources of potash in United States. Yearbook 1912, 

p. 523-536. Sep. 611. 
Cameron, Frank K. Potash from kelp. U.S. Dept. Agr. Rpt. 100. 122 p., xl pl. 

1915. Atlas of 69 maps 1914. 

Cushman, Allerton S. The use of feldspathic rocks as fertilizers. Plant Industry 
Bul. 104. 32 p. 1907. 

Free, E.E. Aninvestigation of the Otero Basin, New Mexico, for potash salts. Soils 

Cire. 61. 7p. 1912. 
Gale, Hoyt S. Our mineral supplies—potash. U.S. Geol. Surv. Bul. 666-N [1917] 

4p. 

Mid-year statistics on production of potash. U.S. Geol. Surv., Press Bul. 379, p. 4. 

Sept. 1918. 
Phalen, W. C. Potash salts 1915 with bibliography by W. C. Phalen, with simple 

tests for potash by W. B. Hicks. U. S. Geol. Surv., Mineral resources of the 

United States, 1915, pt. 2, p. 95-133. 
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Potash from kelp and alunite, sugar manufacture, cement, etc. U. S. Geol. Surv., 
Press Bul. 366, p. 3-4. May, 1918. 

Potash, Domestic Production of, in 1918. U.S. Geol. Surv., Press Bul. 399, p. 1. 
February, 1919. 

Ross, W. H. The extraction of potash from silicate rocks. Soils Cire. 71.10 p. 1912. 
Ross, William H., Merz, Albert R., and Wagner, C. R. The recovery of potash as a 

by-product from the cement industry. Dept. Bul. 572. 23 p.. 1917. 

Skinner, J. J., and Jackson, A. M. Alunite and kelp as potash fertilizers. Soils 

Cire, 7/6, 5p. (1913. 

Stockett, A.W. The potash situation, Bureau of Mines, War Minerals Investigations - 

Series No. 2. 13 p. 1918. 
Turrentine, J. W. The occurrence of potassium salts in the salines of the United 

States. Soils Bul. 94. 96 p. 1913. 

Waggaman, William H. Alunite asasource of potash. Soils Circ. 70. 4p. 1912. 
Waggaman, William H. The production and fertilizer value of citric-soluble phos- 

phoric acid and potash. Dept. Bul. 143. 12p. 1914. 
Waggaman, W. H., and Cullen, J. A. The recovery of potash from alunite. Dept. 

Bul. 415. 14p. 1 fig. 1916. 

Young, G.J. Potash salts and other salines in the Great Basin region. Dept. Bul. 61. 
96p. Sfig. 1914. 

SULPHUR. 

Smith, Philip S. Our mineral supplies—sulphur. U. 8. Geol. Surv. Bul. 666-B. 

[1917] p. 7-10. ; 
Smith, Philip S. Sulphur, pyrite and sulphuric acid in 1916. U. S. Geol. Surv., 

Mineral resources of the United States, 1916, pt. 2:28, p. 403-432; 1917, pt. 2:4, 

p. 19-62. 
Stone, R. W. Our mineral supplies—gypsum. U. 8S. Geol. Surv. Bul. 666-E. 

[1917] 3 p. 
Waggaman, William H. The production of sulphuric acid and the proposed new 

method of manufacture. Dept. Bul. 283. 39 p. Ilfig. 1915. 
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ASTUDY OF THE ROTS OF WESTERN WHITE PINE. 

By James R. Weir, Forest Pathologist, and ERNEsT EH. Husert, Scientific As- 

sistant, Office of Investigations in Forest Pathology, Bureau of Plant 

Industry, Missoula, Mont. 
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LOSSES DUE TO FUNGI. 

The estimated stand of western white pine (Pinus monticola) in 
British Columbia, Oregon, Washington, Idaho, and Montana is about 
23,685 million feet B. M., valued at approximately $102,875,000. 
The average loss due to the activities of fungi in western white pine 
for the entire white-pine belt, based on data from logging operations 
in northern Idaho, is 1,658 million feet B. M.1 This figure, 
on a basis of the above given valuation, shows a loss of $7,201,250 
from this cause alone. These figures, taken as.an average condition 
throughout the merchantable range of the species, indicate the loss 
from decay to be enormous. The limited area occupied by 
merchantable white pine, the adaptability of its wood to a wide 
range of uses, and the ease with which it is worked so establish its 
value as a timber tree that it becomes imperative to investigate any 
cause of financial loss in the species, the amount of this loss, the 

1 Based on the reeorded data, which give 6.9 as the average rot percentage for the 

entire area upon which the data were collected. The actual loss due to rot would no 
doubt be greater if figured on a basis of cull percentage or actual volume discarded, 

according to scalers’ practice. 

128265°—19—Buli. 799———1 
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relation of various factors to the rots, and the means by which the 
loss may be reduced. This, in short, states the purpose of this 
bulletin. 

LOCAL PATHOLOGY OF WESTERN WHITE PINE. 

With the exception of the principal fungus (Z'chinodontium tinc- 
torium) attacking western hemlock and grand fir, all fungi occur- 
ring on other trees of the western white-pine type attack white pine 
to a greater or lesser degree. Until it is determined that the inter- 
relations of these fungi vary with different species of trees the con- 
ditions for fungous development may be considered very favorable. 
The western white-pine type of forest is described as having western 
white pine as the key tree and forming approximately 15 per cent 

or more of the stand. In some parts of its range (northern Idaho) in 
young stands western white pine forms as much as 50 per cent or 
more of the-stand. The other species in the mixture are grand fir 
and western red cedar, the predominant trees of the type, and Doug- - 
las fir, western larch, western yellow pine, and lodgepole pine. In 

many of the mixtures of the western white-pine type, the white pine, 
although intermediate as to tolerance, very rapidly gains on its asso- 
ciates and eventually overtops them or may even drive them from 
the stand. One of the results of this suppression of associate species 
is to promote the activities of fungi in the associate species, which 
in turn react on the white pine. Fully stocked or even pure stands 
of western white pine may be found extensively attacked. In the 
fully stocked stands the trees do not prune readily, causing the de- 
velopment of larger and older dead branches which are open to 
breakage and infection at an earlier age and also affecting the grade 
of lumber of the tree. In the pure stands, much suppression naturally 
results and fungous diseases are just as prevalent as in a mixed stand. 
Suppression in white pine is not always brought about by overcrowd- 
ing or by adverse conditions on sites having little protection. Needle 
fungi may cause retardation by destroying the needles. Lophoder- 
mium pinastri, in its ascigerous stage and also in its pyenidial stage 
(Leptostroma), is a very common needle fungus throughout the 
white-pine type and is a factor to be considered in suppression. 
Mistletoes rarely attack white pine within its merchantable range 
and may be overlooked as a cause of suppression. 

The three main wood-destroying fungi! for the areas studied are 
Trametes pini, Polyporus schweinitett, and Fomes annosus. The first- 
named fungus, as the most important, is particularly active in west- 
ern white pine throughout its merchantable range. 

1 Weir, J. R., and Hubert, E. HE. Forest disease surveys. U. S. Dept. Agr. Rul. 658, 
23 p., illus. 1918. 
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The sporophore (conk) of 7rametes pint (ring-scale fungus) is 
brown, woody, usually stratified, and varies in shape and thickness. 
The usual form in the Northwest is a thin shell or scallop shaped 
structure, but it may become hoof shaped or resupinate, depending 
upon the position of the substratum or point of exit. Owing to the 
tendency of the mycelium to spread more rapidly vertically than hori- 
zontally in individual annual rings, a cross section of an infected 
tree shows the decay in the form known as ring-rot. The wood when 
first invaded by the mycelium of Trametes pint assumes a deeper 
reddish brown than when normal. It first becomes visibly character- 
istic with the appearance of pits in the wood lined with cellulose 
fibers. This is the well-known “honeycomb” stage and is the most 
characteristic stage of the rot. The decay, as indicated above, is not 
uniformly distributed in the heartwood, but the rot column may vary 
in location within the tree. This is also due to the fact that several 
separate infections may occur in the same tree, the diseased areas 
being separated by sound wood. As a butt rot, the general form of 
the rot column is conical, tapering at the upper limits. In the upper 
parts of the tree the rot column may be conical in both directions 
from the area of greater decay or from the point of first infection. The 
range of the vertical extent of the rot column in the tree may be from 
a few feet to the entire length of the tree when acting as a trunk rot 
and from 5 to 6 feet as a typical butt rot. External signs of the 
decay are the fruiting bodies, swellings of the trunk in a region of 
earlier infections, especially at branch whorls, due to the tendency of 
the tree to heal the old “ punk knots,” resin flow at swelled whorls 
or other points on the upper trunk, brownish punky material in old 
branch knots from which old sporophores have fallen, hollowness or 
punkiness indicated by soundings on the trunk, and the presence of 

various injuries. 
Polyporus schweinitzti (velvet-top fungus) is usually not as con- 

spicuous as the ring-scale fungus, owing to the fact that the sporo- 
phore rarely appears on the trunk but usually develops on the 
roots near by, and it may be partly obscured by the forest mold. 
Tt often appears a considerable distance away from the base of the 
tree. The fruiting body is in most cases stalked, the segments of 
the top incurving and colored a deep, rich brown. The margins 
when in a growing condition are of a lighter color. It sometimes 
appears from old wounds on the trunk in the form of brackets with 
or without a lateral stalk. The under side of the pileus is yellow- 
ish green, which turns reddish if injured. The fungus usually pro- 
duces a uniform heart-rot of the butt of the tree. It enters the roots 
and decays the heartwood and may travel in this manner from root 
to root to neighboring trees. The decay produced is a light reddish 
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brown in early stages, but in its typical stage it becomes reddish 
brown, brittle and crumbly when dry, with a tendency to break 
into cubical blocks. The rot has sometimes the characteristic odor 
of turpentine. The rotted wood is carbonized by the action of the 
fungus and the cellulose is reduced. 

The rot caused by Trametes pint is characterized by the delignifi- 
cation of the wood cells attacked. White patches of unreduced 
cellulose are left. The decay produced by Polyporus schweinitzti 

seldom advances beyond the first. log and is usually not more than 5 

to 6 feet up. The form of the rot column is conical from the base 
of the tree upward. 

Fomes annosus (root Fomes) on the areas studied was least im- 
portant. The sporophores of this fungus are generally found close 
under the surface attached to the roots and hidden by the forest 
mold. They are brown above, with a white spore surface and usually 
very irregular in outline. The early stages of decay range in color 
from lilac to reddish. In the typical stages the annual layers are sep- 
arated by the more rapid decay of the summer wood. In a radial 
section white-pitted areas with black centers may be -prominent. 
Finally the wood is converted into a spongy mass. The fungus 
causes a resin flow from the base of the tree and the roots. <A fine 
felty mycelium is present under the bark in the early stages of decay. 
The rot column is uniformly circular in advanced stages and may 
extend from 6 to 8 feet into the first log. 

FIELD STUDIES OF THE ROTS IN WESTERN WHITE PINE. 

Field studies of the principal rots of a particular species of tree 
which aim to develop results of practical importance must neces- 
sarily be based on data taken from a large number of felled trees. 
Tt was decided that 100 trees of each age class for each of the two 
types of site would be a sufficiently large number to insure the best 
results. Seven age classes were determined upon as follows: 41 to 
60, 61 to 80, 81 to 100, 101 to 120, 121 to 160, 161-to 200, and 201+ 
years. These are the age-class divisions used by the Forest Service 
in silvicultural practice in district 1. The two types of site, slope and 
bottom, were used, under each of which the seven age classes were 
ranged. Figuring 100 trees per age class and 7 age classes for each 
of the two types of site gives a total of 1,400 trees upon which 
accurate data on each tree are required in order to be fairly certain 
of the results. 

Previous to the opening of the summer logging operations, all 
information relative to the age classes, sites, and locations of the 
various sale areas scheduled for cutting in the western white-pine 
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type in northern Idaho and western Montana during the field season 
‘of 1916 were secured. With this information plans were outlined 
and arrangements made to secure data on as many of the areas as 
Were necessary in order to comply with the outline previously given. - 
Thanks are due to the officers of the Coeur d’Alene National—Forest 
for their helpful cooperation throughout the season. 

In all, seven separate sale areas and one private cutting were 
covered in the study, and data were secured from each. The Lind- 
berg, Honeysuckle, and Cathcart chances, or sale areas, are located 
within the drainage of the Little North Fork River. The Tent, 
Silver, and Boro Creeks sale areas are located in the drainage of the 
main Coeur d’Alene River, near Nelson, Idaho. The Bennett-Miner 
chance is located on the slopes adjacent to the North Fork of the 

Ceeur d’Alene River, 20 miles above Prichard, Idaho. The private 

cutting is located near Priest River, Idaho, and is on the Humbird 
Lumber Company’s land. All of the sale areas, with the exception 
of the private cutting on the Priest River, are located within the 
general drainage of the Coeur d’Alene River in the Ceeur d’Alene 
National Forest of Idaho. All the areas studied are typical of the 
western white-pine type of forest. 

Data were secured on the trees soon after the trees had been 
felled and before any of the logs had been removed by the skidding 
teams. In this manner it was possible to obtain data on a large 
number of trees each day. The entire tree was always available, and 
references to all the trees cut on that portion of the sale area included 

within the study were covered by the data. No selection of in- 
_ dividual trees or groups of trees was practiced, the aim being to 
record accurate information on the general run of the stand according 
to age class and site. The sawing of the trees into standard log 
lengths of 8, 12, 14, and 16 feet by the logging crews offered splendid 

opportunities to obtain the rot dimensions and other data. The in- 

fected culled logs of merchantable size were opened up sufficiently 
to disclose the rotted area. The top portions of the tree beyond the 
merchantable limit were cut open by the data crew to determine the 
exact extent of the rot in cases where the rot ran into the top. 

Cooperation with the logging contractors and foremen aided greatly 
in keeping ahead of the skidding teams. 

For data on the younger age classes not found on the sale areas, 

special permission was obtained to cut certain small areas of the 
younger trees on adjacent areas. 

The trees on both the sale areas and the young age-class plats were 
numbered consecutively as they were measured and recorded, the 

number being placed on the stump, so that no duplication of trees 

occurred. Similar extensive and intensive data were obtained for 
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the white-pine study as were secured for:the hemlock study,' and all 
available factors were taken into consideration in the final results. 
Forest descriptions were written for each sale area, and notes were 
made of the moisture and shade conditions existing on each. 

The data obtained from a total of 1,417 trees, of which 1385 were 
grand fir (Abzes grandis), were first arranged according to site and 
age class. While in the field it was found that the number of trees 
needed in the two youngest age classes could be considerably reduced 
from the 100-tree standard. It was found that the trees on the 41 
to 60 age class in both types of sites, slope and bottom, were uni- 
formly free from visible decay. Owing to this condition and to the 
fact that young white pines of this age class are too small to be 
merchantable and should not be cut needlessly, it was decided to 
reduce the number of trees required. In the 61 to 80 age class it 
was found that the rots were in the beginning stages, and 60 trees 
per age class for each type of site were considered sufficient. In all 
the other age classes the number of trees was either above or but 
shghtly below the 100 mark, except in the 121 to 160 age class on 
the slope sites, where the number was doubled in order to make a 
comparison between a similar age class and site for two widely 
separated sale areas, and in the 201+ age class, where it was impos- 
sible to find more than the recorded number of trees. There was, 
fortunately, one sale area which furnished a fairly large number 
of trees of the very old age class (201-1). 

Tables were prepared from the data collected, and these will be 
presented in the order of their consideration in the text. The 
volumes were figured by means of the Smalian formula. In these 
tables the word “ Infected” as used at the head of certain columns 
is intended to cover all trees visibly infected. Early stages ot 
infection not determinable by field observations and not measur- 
able as recognized cull are not included. 

RELATION BETWEEN ROT AND VARIOUS FACTORS. 

AGE. 

In Table I are found the data which show the relation between the 
rot volume and the age class of the stand. These data are separated 
under heads of “ Bottom sites” (upper part of table) and “Slope 
sites” (lower part of table), and the data under each head are 
grouped according of the seven principal age classes. 

Trunk-rot, indicated in the table by the initials T. R., represents 
mainly Trametes pint. Butt-rot, indicated by the initials B. R., 
represents Trametes pint when acting as a typical butt-rot, but in- 

1 Weir, J. R., and Hubert, E. E. A study of heart-rot in western hemlock. U. S. 

Dept. Agr. Bul. 722, 39 p., illus. 1918. 
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cludes Polyporus schweinitzii and Fomes annosus as well, and Armil- 
laria mellea is sparingly represented. 

In comparing the slope sites with the bottom sites it is well to keep 
in mind that the differences in these comparisons are made even more 
striking by the fact that the average age of the slope type of sites 
is greater by 14 years than that of the bottom type. 

In Table I the average total volume per age class shows a steady 
increase for both types of site. The trunk-rot for both types also 
shows a definite increase from the 41 to 60 to the 201-++ age class, the 
bottom sites indicating a greater percentage of rot than the slope 
sites. The bottom sites for the 61 to 80 age class show 0.8 cubic feet 
as the average volume of rot and 85 cubic feet for the 201+ age class, 
as compared to the slope sites, which have 0.055 cubic feet for the 
61 to 80 age and 72 cubic feet for the 201-++ class. The figures for the 
average rot volume for the butt rots on the two types of site vary 

considerably and do not show any consistent increase between the 
youngest and the oldest age classes. The 161 to 200 age class on the 
bottom sites runs extremely high, which may be due to the fact that 
the site from which these trees were taken was very favorable to 
butt-rot and supported a great deal of Polyporus schweinitzti. On 
the slope sites the average is less for the 161 to 200 age than for the 
class preceding it. This again must be accounted for by the local 
environmental differences present in the various areas upon which the 
trees included in this study were found growing. ‘This is especially 
true of the 201+ age class on the bottom sites, in which no butt-rot is 
recorded and where the rot is almost entirely due to Trametes pini 
acting as a distinct trunk-rot. 

The “ T. R. + B. R.” column gives figures for the combined rots, 
and in general indicates an increase in rot volume and in rot per- 
centage with increased age. 

Table I shows computations of the average annual increase in rot 
volume between the age classes per infected tree. These figures are 
intended to serve as an approximation of the rate of increase in rot 
volume during the life of the stand and are used later to determine 

_ the infection age. 
A study of the relation between sound and infected trees reveals 

the fact that as the age increased, the percentage of infected trees in- 
creased at a quite rapid rate. The bottom sites show the more rapid 
increase of the two types of site. It is significant to note that the 
proportions of trees infected for the bottom and slope sites are almost 

identical, being 55 per cent and 55.3 per cent, respectively. If, in 
order to remove to a certain extent the source of error due to the 
larger percentage of trees of the older age class on the slope sites, 
the averages of the percentages for the different age classes are com- 
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pared, it is found that the bottom sites show a greater tendency to- 
vard favoring fungous development. The average percentage of 

infected trees for the bottom sites by this method is 52, and for the 
slope sites 47. On the bottom sites the rot percentage is 7.8, and on 
the slope sites 6.1. These figures indicate that although a shghtly 
larger percentage of trees was infected (55.3) and although the trees 
were considerably older on an average on the slope sites, the bottom 
sites carry the larger rot percentage. Considering the various areas 
upon which data were taken as a unit, the total volume of rot was 
found to be 13,359 cubic feet and the total volume of the stand 

193,432 cubic feet. This gives a rot percentage of 6.9, or 7.0 figured 
on a basis of 1,282 sound and infected trees, ranging from the 40 
years’ growth to the veterans of 450 and more years. 

TasLE I.—Relation of rots to age classes in western white pine on sites of the 
bottom and slope types. 

[Abbreviations: T. R.=trunk-rot: B. R.=butt-rot.] 
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SITE. 

The western white pine is found in situations which supply suffi- 
cient moisture and shade to fill the requirements of the tree. Mois- 
ture plays an important part in its establishment and development, 
and this is emphasized by the fact that the western white pine attains 
L its best growth in the regions where rainfall is plentiful. 

| 
| 
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In order to get a first-hand impression of the characteristics of 
western white pine from the point of view of the logger, question- 
naires were sent to a large number of lumber and logging concerns 
operating in the Northwestern States. Out of the total answers re- 
ceived 18 were selected in which the replies to the questions were — 
‘complete. Most of these answers were received from companies oper- 
ating in the States of Oregon, Washington, Idaho, and Montana. 

In respect to site, most of these answers state that the rot is 
greatest in trees occurring on flat, low, and poorly drained land, and 
that the best sites, where trees are freer from rot, are well-drained 
‘slopes or benches. Altitudes ranging from 1,500 to 7,500 feet are 
given as most favorable to healthy stands, and conversely the greatest 
proportion of rot is found in stands at altitudes below 1,500 feet. 

In Table I it is seen that the proportion of rot on the bottom sites 
(7.8 per cent) is somewhat greater than on the slope sites (6.1 per 
cent). Apparently, this difference is directly due to the site and 
corroborates what has already been said in reference to environment 
favorable to fungous development. The above comparison of rot 
percentages for the two types of site is made more exclusive when 
the figures for the percentage of infected trees for each type are 
considered. The difference, presumably, would have been still 
greater if the proportion of the trees on sites of the slope type in 
certain of the older age classes had not been so much greater than 
for sites of the bottom type. In Table II a comparison is made be- 

_ tween two sale areas in the same forest but separated by a consider- 
able distance. The trees occurring on the slope sites only were used, 
and these were restricted to the age class of 121 to 160 years. A 
glance at Table II will show that the trees from the Honeysuckle 
sale area averaged 132 years and those of the Silver Creek sale area 
142 years, a difference of 10 years. 

TaBLe Il.—Comparison of two sale areas of western white pine of the 121 to 
160 age class growing on slope sites, showing the relation of rots to site. 

[T. R.=trunk-rot, B. R.=butt-rot.] 

Volume of rot 
Total volume (cubic feet). Number of trees (basis). (per cent). 

Average 
Caigaren: age Rot. Infected. 

(years) a TR. SS 
Stand. TR. TR.) BR. + Total. | Sound. TR. | Per- 

TRE BORA B.R. + | cent 
15), 18? B. R. | age 

Honeysuckle. 132 | 22,172 | 323.5 | 96.1 419.5 | 1.45 | 0.43 1.89 122 36 86 70.5 
Silver Creek. 142 | 18,095 | 536.6 1.6 538.3 | 2.96 - OL 2.97 106 24 82 77.3 

128265°—19—Bull. 7992 
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This indicates a greater number of the older trees of the 121 to 
160 age class on the Silver Creek sale area than on the Honeysuckle 
area. Continuing the inspection of the data in the table it is seen 
that the total volume of rot, the rot percentage, and the precentage 
of infected trees for the combined rots are all greater in the case of 
the Silver Creek area. The difference of 10 years between the average 
age for the two areas is apparently responsible for the difference in 
the rot activity just noted and gives further evidence that, the site 
being similar, the age of the stand affects the amount and percentage 
of rot as well as the number of trees infected. Eliminating the 
difference in the average ages between the two sale areas, the slope 
sites of the two areas should yield more nearly equal values for total 
volume of rot, rot percentage, and percentage of infected trees. 

Another interesting point brought out in Table IT is the variation 
in the amount of butt-rot for the two areas. Very little butt-rot 
is found upon the Silver Creek area (1.6 cubic feet) in comparison 
to that found on the Honeysuckle area (96.1 cubic feet). ; 

In Table III comparisons are made between the rot percentages of 
trees occurring on the slope and bottom sites of the same sale areas. 
This method of comparison removes all possible variations which 
might be due to comparisons of plats occurring upon widely separated 
areas. In general, the figures show a higher rot percentage in trees 
occurring on the bottom sites than in those growing on the slopes. 
On the Bennett-Miner sale area plat 1 was laid out upon the slopes 

and plat 2 on the bottoms. The bottom sites have a greater average 
by 38 years and also a greater rot percentage by 6 than the slope sites. 

In comparing the slope and bottom sites of the Silver Creek plat 1 
area it is seen that the difference in average age is only 4 years, 
while the difference in rot percentage is approximately 5. Again, in 
comparing the Honeysuckle ae 1 with the Honeysuckle plat 4 area 
the difference in average age is 7 years and that of the rot percentage 
4.5. The greatest difference in rot percentage is found in comparing 
the ebird area with the Tent Creek area, between which are found 
differences of 39 years in average age and 7 per cent in the rot. This 
last comparison is not as dependable as the ones preceding, since the 
slope and bottom areas compared were taken from two widely sepa- 
rated sale areas. Similar criticism also applies to the comparison 
of the Honeysuckle plat 3 with the Silver Creek plat 2 area, which 
comparison indicates the possibility that the difference in average 
age may not be entirely responsible for the small rot percentage in 
the Honeysuckle plat 3 area. Comparing the same Honeysuckle plat 
3 area with the Honeysuckle plat 1@ area it is seen that a difference 
in rot percentage of 0.538 is more than balanced by a difference of 50 
years, which latter is no doubt accountable for the larger rot percent- 
age found on the slope sites. 
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Table I shows that for each type of site the rot percentage gradu- 

ally increases from the youngest to the oldest age class, reaching 18 
per cent in the bottom sites and 14.7 per cent on the slope sites. 
Comparing similar age classes of the two types of sites, the figures 
for rot percentage on the bottom sites run consistently higher than 
those of the slope sites. 

Taste JII.—Comparison of bottom and slope sites of different sale areas of 
western white pine, showing the relation of rots to site, independent of age 
classes. 

Bottom sites. Slope sites. 

Sale area. Num-|,— Sale area. Num- 
Plat | ber of [Average] Rot Plat | ber of |4Verase| Rot 
No. | trees |, 28¢ , | (per No. | trees |, 28¢ , | (per 

: (basis). (years).|cent). (basis). (years).|cent). 

Bennett-Miner......... 2 15 | 379.1 |20.53 | Bennett-Miner......-- 1 71 | 340.6 | 14.62 
Silver Creek.........--- 1 18 | 146.4 | 8.01 | Silver Creek ohare Mae 1 100 | 142. 2 2. 98 

m7 Silver Creek..........- 2 149 79. - 63 
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In comparing the average volume of rot for the two types of site 
in Table I a striking contrast is found between the butt-rot volumes. 
The average butt-rot volume on the bottom sites is found to greatly. 
exceed the average volume for the slope sites, the average volume of 
trunk-rot is approximately equal, while the average volume of com- 
bined rots is shown to be somewhat larger on the bottom sites. 

INFECTION AGE. 

The average infection age, as defined in a previous work,’ repre- 
sents the average age of the youngest trees in the stand open to first 
infection by fungous enemies. It is the average age at which the 
stand is most liable to first infection and below which infection 
rarely occurs. Subsequent to this age infection is to be guarded 
against, as the chances of infection, up to a certain point, will con- 
tinue to increase with the increase in age, number of injuries, etc. 

In this bulletin the term age of earliest infection is used in place 

of “average infection age.” It is believed the newer term will more 
accurately convey the meaning intended. 

On the bottom sites, Table IV, the age of the earliest infection for 

the combined trunk and butt rots can be placed approximately in 
the 61 to 70 age class, since the first tree with visible decay is found 
in the 71 to 80 age class and is 73 years old. It must be remembered 
that actual infection is,.expected to take place some time before visible 

1 Weir, J. R., and Hubert, HE. H. A study of heart-rot in western hemlock. U. S. 

Dept. Agr. Bul. 722, 39 p., illus. 1918. 
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decay is present in the tree examined, and this fact would tend to 
place the age of earliest infection somewhat below the age of the 
tree at the time visible decay is noted. 

TABLE LV.—Relation of rot to age classes, with reference to the infection age 
of western white pine on sites of the bottom and slope types. 

Bottom sites. Slope sites. 

Number of trees (basis). | A ver- Number of trees (basis). | A ver- 

Age class. age rot eee ee eee er ob 
Average per in- | Average per in- 

age a i pied ( age ) z Boe tele? 
(years). n- |centage| tree | (years). - |centage! tree 

Total. fected. in- cubic Total. fected. in- (cubie 
fected. | feet). fected. | feet). 

41 to 50 years.....-. 48 16 0 0 0 45 33 0 0 0 
51 to 60 years...... 56 21 0 0 0 56 17 0 0 0 
61 to 70 years...... 66 21 0 0 0 63 48 2 4 035 
71 to 80 years..-.-- 80 41 4 10 -79 74 12 2 17 075 
81 to 90 years..-...- 85 80 26 33 1.78 85 46 10 22 213 
91 to 100 years...-. 94 36 1 47 1.38 95 52 13 25 145 

if 

In Table IV the youngest trees found visibly infected on the slope 
site are in the 61 to 70 age class, and the age of the earliest infection 
would be found in the 51 to 60 age class. The youngest tree on the 
slope sites found to have visible decay is 61 years old. From these 
data it appears that the age of the earliest infection would be found 
between the ages of 50 and 60 years, and to be reasonably safe it may 
be placed at approximately 50 years. 

Most of the answers received from the logging companies in refer- 
ence to the question of the age at which western white pine is first 
infected give 50 years as the approximate age below which very 
little infection occurs. 

It is apparent that factors other than that of site influence the per- 
centage of infections as expressed by the figures in Table I. On the 
bottom site (Table I), the 61 to 80 age class, with an average age of 
73 years, has only 6 per cent of the total trees infected, as 
compared to 7 per cent on sites of the slope type for a similar 
age class with an average age of 65 years. Density of stand and in- 
juries such as fire scars could well be responsible for the increased 
infection of the trees on the slope sites. Farther along in the table it 
is found that for the bottom sites in the 81 to 100 age class, averag- 
ing 88 years, the percentage of infected trees is 87 as compared to 24 
for the slope sites with a similar age class, averaging 91 years, 

On both the slope and bottom types of site it is found that the 41 
to 60 age class is entirely free from visible infection; that is, no 
measurable rot recognizable to the naked eye was found in these 
trees. This fact alone would indicate that an age of earliest infec- 
tion placed at 50 years would be as nearly correct as the practical ap- 
plication of such an age demands. The site, apparently, is not the 
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determining factor as to the earliest age when infection may take 
place. The earliest visible infection for the groups of trees included 
in this study was found in a tree on the slope type of site, 61 years 
old. Table I shows that in the 61 to 80 age class the greater percen- 
tage of infected trees is found on the slope sites, while the bottom 
sites have the larger rot percentage. 

INJURIES. 

Since injuries play the principal réle in the infection of living 
trees, it is important to consider them in relation to the various fac- 
tors such as age and site and especially in relation to the rot volume. 
In Table V are given the data for bottom and slope sites, respec- 
tively, showing the relation of injuries to age class and to site, as 
well as indicating the percentage of infection traced to the various 
kinds of injury. The determination of the particular injury which 
was primarily responsible for the initial infection of the tree was 
most difficult in many cases, and no doubt a few of the individual 
decisions may be classed as doubtful. In the main such factors as the 
appearance of sporophores and the location of the largest ones, the 
region of greatest decay within the trunk, and the overwhelming oc- 
currence of butt-rot in trees having large fire scars at the base give 
substantial evidence for the determination of most of the injuries 
responsible for infection. 

The basis for the determination of the degree of injury rests on 

the following standard: 

0 = No injuries. 

x = 1 to 60 dead branches, no frost cracks, and very few miscellaneous in- 

juries (less than 2). 

xx = 61 to 120 dead branches, one frost crack, and a superficial blaze, logging 

scar, or other slight injury. 

Xxx = 121 to 180 dead branches, not more than 2 frost cracks, deep blazes, log- 

ging scars, or fire scars; slight lightning injury. 

Xxxx = 181 to 250 and more dead branches, more than 2 frost cracks, and heavy 

injuries (injured and broken top, severe lightning, and other in- 

juries) 

Dead branches were considered of prime importance in determin- 
ing the degree of injury for individual trees. Fire scars proved an 
exception in a certain group of trees where the fire had caused in- 
juries at the base, and these injuries were believed to be primarily 
responsible for the entrance of the fungus. These trees were of an 
age class bearing many dead branches. The younger trees had fewer 
dead branches than the older ones. Frost cracks were entirely ab- 
sent in the younger age classes, so that no difficulty was experienced 
such as would arise in case a tree was found having only 60 dead 
branches and bearing 2 frost cracks. The older trees bore the few 
frost cracks found, and these trees had numerous dead branches. 



14 BULLETIN 799, U. S. DEPARTMENT OF AGRICULTURE. 

In rating the averages for the various age classes x was given the 
valuation of 1, xx of 2, etc. In this manner averages such as 0.32 
and 2.9 were computed (see Table V), indicating the average degree 
of injury. 

TABLE V.—Relation of injuries to age and to total stand of western white pine 
on sites of the bottom and slope types. 

Infection traced to— Total trees 

with in- 
ne joni do De- | Total 

ire scars whic gree | num- 
Amadines pene ee runoSy and other | infection of ber 

BoC ass. : BS: ‘ injuries. | wastraced.| in- of 
; jury. | trees 

Num-| Per |Num-) Per |Num-| Per |Num-|} Per |Num-}| Per 
ber. jcent.2| ber. |cent.2} ber. |cent.2} ber. |cent.2| ber. |cent.3 

Bottom sites: ; 
41 to 60 years........--- 0; 0 0 0 0; 0 0; 0 0/0 0. 32 | 37 
GI to s0syears= say. = 6 3 | 75.0 0 0 0 0 1 | 25.0 4) 6.5 1.74 62 
81 to 100 years... -%<.---- 23 | 53.5 0 0 0; 0 20 | 46.5 43 |37.1 | 2.09 116 
101 to 120 years.....-.-- 50 | 70.4 0 0 0] 0 21 | 29.6 71 164.0 | 2.6 lll 
121 to 160 years.....-... 68 | 79.1 0 0 Tle Reale 17 | 19.7 86 |66.7 | 2.9 129 
161 to 200 years....-.--- 65 | 90.3 0 0 Die258 5} 6.9 72 \94.7 | 2.6 76 
201+ years....----2---- 32 | 84.2 0 0 Oh |W 53.33 4} 10.5 38 197. 4 | 3.0 39 

Oba caee AR eek ek 241 | 76.7 0 0 Bele 68 | 21.7} 314 |55.0 | 2.4 570 

Slope sites: | | 
41 to 60 years... ..---.-- 0; 0 0 0 0; 0 0| 0 0/0 0 50 
61°to 80 years--2- 345-2. 3 | 75.0 0 0 0 0 1 | 25.0 4 | 6.66 16 60 
81 to 100 years......-.--- 15 | 62.5 0 0 0 0 9 | 37.5 24 |24.4 a 98 
101 to 120 years..-.----. 26 | 63.4 0 0 0] Oo 15 | 36.6 41 /41.0 | 1.41 100 
P2UTON60 years=---5---- 137 | 78.7 0 0 1 -6 36 | 20.7 174 |74.0 2a 235 
161 to 200 years.-...--.-- 47 | 57.3 0 0 3 3.6 32 | 39.0 82 {82.8 2. 68 99 
2014- years. .-----5----- 67 | 97.1 0 0 0 0 2 2.9 69 |98.6 3.77 70 

Alta) #2) Lea ee ae 295 | 74.8 0 0 4 1.0 95 | 24.1 394 155.3 1.9 712 

1 Percentage of total trees (infected and sound) bearing injuries to total trees in stand = 70. 

SEG Slee ae 

Table V shows certain interesting results. On both types of site 
the infections traced to branch stubs bear the largest percentage 
over infections traced to other injuries, with 77 per cent for the 
bottom sites and 75 per cent for the slope sites. Broken tops as 
sources of original infection were not found, although a considerable 
number of broken-top trees were recorded and some of these trees 
gave evidence that a certain amount of infection took place through 

the exposed tip. In nearly every case it was found that infection 
in the lower part of the trunk had taken place some time previous 
to the breakage of the top, as indicated by the difference in the stage 
of development of the two rotted areas. On the bottom sites ap- 
proximately 2 per cent of the infections were traced to frost cracks 
and 22 per cent to miscellaneous injuries, which latter included fire 
scars, blazes, windfall scars, ete. On the slope sites only 1 per cent 
of the infections were traced to frost cracks and 24 per cent to 
miscellaneous injuries. On the slope sites a larger percentage of 
infection traced to miscellaneous injuries is found than is recorded 

———-— ee ee 
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for the bottom sites. This is due principally to the larger number of 
basal fire scars recorded for the trees on the slopes. On both types 
of site a steady increase of the total number of trees with injuries is 
recorded, ranging on the bottom sites from 0 in the 41 to 60 age class 
to 97 per cent in the 201+ class. On the slope sites the percentage 
ranges from 0 in the 41 to 60 age class to 99 per cent in the 201+ 
class. Comparing the entire stand of each type of site it is seen that 
the percentage of total trees infected is 55 on the bottom sites and 
55.3 on the slope sites. A more correct comparison of the amount of 
injury found in the stands of each type of site is made by con- 
trasting the percentages of total trees, both sound and infected, bear- 
ing injuries. For the bottom sites this percentage is 90 and for ‘the 
slope sites 70, indicating that a larger number of trees on the bottom 
sites bore injuries. This difference may be partly due to the presence 
of a larger number of branch stubs on the trees ofthe bottom sites. 
These data clearly indicate the increasing danger of infection through 
injuries with the increase in age for both sites. 
From a study of Table V it appears that frost cracks as sources of 

infection are more common in the older age classes and not present 
at all in the younger. The recorded field data show that frost cracks 
were more frequent in the older trees, which accounts for the pre- 
ceding statement. 

The degree of injury for the two types of site shows a fairly steady 
increase with increased age and a slight difference in degree of injury 
for the total stand of the two types of site. The bottom sites have 
but a few tenths greater degree of injury. 

Table V shows that 10 to 30 per cent of the trees are without in- 
juries. These trees are principally in the youngest age classes and 
bear no dead branches. 

SPOROPHORES. 

Most cf the sporophores encountered in the western white-pine study 
were those of Zrametes pint. Very few sporophores of Polyporus 
schweinitati or of Fomes annosus were found attached to the trees. 
Most of the Polyporus schweinitzi fruiting bodies developed on the 
ground at the base or near the host, and the logging operations 
nearly always disturbed these from their original positions. A very 
few sporophores of Polyporus schweinitzii were found attached di- 
rectly to the base of the tree. The data in Table VI, therefore, are 
principally from field notes on one fungus, 7rametes pint. In this 
table it will be noted that the 41 to 60 age class is omitted, since no 
rot and therefore no sporophores were present on the trees of this 
class. On the bottom sites out of a total of 533 trees approximately 
30 per cent were found bearing sporophores. On these sporophore- 
bearing trees a total of 604 sporophores were recorded, of which 561, 
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or practically 98 per cent (92.8), were alive and 43, or over 7 per 
cent (7.2), were dead, giving an average of 35 sporophores to every 
10 trees for the live sporophores, 8 to every 10 trees for the dead 
sporophores, and an average of 38 sporophores both dead and alive 
for every 10 trees. An average of 11 sporophores both dead and 
alive for every 10 trees is found when all the trees of the six age 
classes are considered. Of the largest sporophores, which varied in 
size up to 6 by 6 by 8 inches, 92 per cent were found alive and 8 per 
cent dead. The average of the ages of the largest sporophores is 
approximately 15 years, and the average height on the trunk is 5.1 
feet. 

ee ee a ee ee 
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In classifying the sporophores according to the positions occu- 
pied on the trunk of the host it was found that the largest percentage 
of them (28 per cent) developed on the west side of the tree, with 
the smallest percentage (38.8) on the southeast side. Most of the 
largest ones were found near the upper end of the group on each tree. 

On the slope sites, out of a total of 662 trees 22 per cent were 
found bearing sporophores. In this connection it must be remem- 
bered that a much higher percentage of the trees on the slope sites 
was in the 120 to 160 age class, which bore the maximum number of 
sporophores. The sporophore-bearing trees carried a total of 531 
sporophores both dead and alive, of which 495, or over 93 per cent 
(93.2), were alive and 36, or nearly 7 per cent (6.8), were dead. 
These figures give an average for the total stand of 34 live sporo- 
phores to every 10 trees, 2.5 dead sporophores to every 10 trees, and - 
36 live and dead sporophores to every 10 trees. Considering all of 
the trees of the six age classes given and not limiting the figures to 
sporophore-bearing trees alone, an average of eight sporophores both 
dead and alive was found for every 10 trees. Of the largest sporo- 
phores, which varied in size from 1 by 1 by 1 to 6 by 10 by 10 inches, 
94 per cent were found alive and 6 per cent dead. The average of the 
ages of the largest sporophores is recorded as approximately 12 
years and the average height on the trunk was 5.5 feet. Most of the 
sporophores on this site were found grouped on the north side of the 
trunks, 21 per cent being on the north side and the smallest, or 5 per > 
cent, on the southeast side. Most of the largest ones were found at 

about the middle of each group of sporophores. 
In comparing the two types of site some interesting figures are 

disclosed. The bottom sites, to begin with, have a larger percentage 
of sporophore-bearing trees and a slightly larger average number 
both of living and of dead sporophores per sporophore-bearing tree. 
In the 81 to 100 age class the bottom sites have 22 per cent of the 
total trees bearing sporophores, while for the slope site there are 
none. In the 101 to 120 age class on the bottom sites 41 per cent of 
the total trees were found bearing sporophores, with only 7 per cent 
in the slope sites. In the 121 to 160 age class are found the maximum 
figures. In this age class for the bottom sites 43 per cent of the total 
trees bore sporophores and for the slope sites 45 per cent. The aver- 
age of the ages of the largest sporophores is also greater on these sites. 
On the other hand, the slope sites have a greater percentage of the 
larger sporophores alive than the bottom sites. It is very interesting 
to find that the percentage of live and dead sporophores to the total 
number of sporophores is practically the same for both types of 
site. This would seem to indicate that site does not appreciably 
affect the vitality of the sporophore, although it apparently affects 
the number of sporophores produced. 
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On the bottom sites it is observed that sporophores are recorded for 
all the age classes, including that of 61 to 80 years. In the slope sites 
both the 61 to 80 and the 81 to 100 age classes have no sporophores 
recorded. The first sporophores appear in the 101 to 120 age class. 
They increase in number in the 121 to 160 age class and decline in the 
161 to 200 and the 201+ age classes. The column indicating the 
average number of sporophores per tree indicates this very clearly. 
The column recording the number of sporophore-bearing trees shows 
a similar increase, reaching a maximum in the 121 to 160 age class, 
and a rapid decline is noted in the two succeeding age classes. These 
data indicate a maximum of sporophore production attained in 
the 121 to 160 age class and show the rapidly decreasing numbers of 
sporophores present on the trees of the two oldest age classes. Two 
factors are responsible for the decline—first, the fact that the fungus 
in the tree has reached and passed its maximum development and so 
produced fewer new sporophores, and second, the fact that in the 

old-age classes the old sporophores are observed to have died, be- 
come loosened from the trunk, and dropped off. The relation of rot 
percentage to sporophores is evident when compared on a basis of 
site. On the bottom sites the rot percentage is nearly 8 (7.8, Table I), 
and an average of 1.1 sporophore per tree or 11 sporophores to every 
10 trees is recorded. In the slope site the rot percentage is over 6 
(6.1, Table I), and the average number of sporophores per tree is 
0.8 or 8 sporophores to every 10 trees. The bottom sites show a 
greater rot percentage and a greater average number of sporophores 

per tree. 

Another interesting point brought out by the table is the fact that 
on both types of site the smallest groupings of sporophores were 

found on the southeast side of the trees. 

DISCUSSION OF RESULTS. 

From the foregoing data it appears that age is the important factor 
in determining the amount of rot to be expected in a western white- 
pine stand. -This factor of age is significant in the application of 
proper silvicultural methods to the care and disposal of the timber. 
From the forester’s point of view two things stand out in consider- 
ing the stand in relation to rots. The one is the age of earliest infec- 
tion of the stand, or the period when infection by fungi can first be 
expected. This is undoubtedly controlled by the formation of heart- 
wood and the appearance of injuries susceptible to infection. This 
infection age is found to be approximately 50 years for western white 
pine, and it indicates the period when the young stand is in need of 
the utmost protection against infection by fungous spores. Infection 
takes place in this tree earlier than at 50 years in certain individuals, 
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and, of course, infection continues to take place in all stands after the 
50-year period is reached, and no doubt at an increased rate. 

The other consideration of importance to the.forester is the period 
in the age of the stand at which the net increment of sound material 
passes its maximum. This period is more or less indefinite and diffi- — 
cult to express in actual age figures. It depends primarily upon 
what the forester considers the dividing line between a stand having 
sufficient sound material to pay a profit for logging and one having 
so much rot that logging would not be profitable or the profit a small 
one, all factors considered. From the viewpoint of annual incre- 
ment the forester has determined that a rotation of 100 to 120 years 
for western white pine gives a maximum yield.t If this holds true, 
then it also appears that this will mean the cutting of the stand when 
the average rot percentage for the bottom sites is 1.7 and for the 
slope sites 0.5. Glancing at Table I it is seen that for both types 
of site an appreciable increase in the average annual increase in 
rot volume is recorded between the 101 to 120 and the 121 to 160 
age classes. 

In the sporophore summaries (Table VI) an apparent maximum 
point is reached in the 121 to 160 age class in respect to the number 
of sporophore-bearing trees and to the number of sporphores pro- 
duced. The 101 to 120 age class would, therefore, represent the age 
class having, on the average, a stage of development of the rot below 
the maximum stage for sporophore production. These facts point 
to the 101 to 120 age class as a possible felling age from the patho- 
logical point of view, and it remains to discover whether an average 
rot percentage of 1.7 on the bottom sites and 0.5 per cent in the slope 
sites conforms to the most economical logging or whether a higher 
rot or cull percentage is possible without a sacrifice in the returns 
on the operation. The next higher age class (121 to 160) records 
a rot percentage of 3.1 for the bottom sites and 2.3 for the slope sites. 

In the relation of age to injuries the data have shown that with 
increased age comes a greater degree of injury. This is evident for 
both types of site in all the age classes excepting the 161 to 200, 
which drops shghtly below the preceding age class in degree of in- 
jury. It is so well understood that increased age brings cumulative 
risks of greater injury that a discussion seems unnecessary. 
A steady increase in the number of trees with injuries to which 

infection was traced is noted with increase in age for both the bot- 
tom and slope types of site. 

It is readily seen that age up to a certain limit has a definite re- 
lation to the sporophore production of a stand. If rot increases with 

1Mason, D. T. Management of western white pine. Jn Proc. Soc. Amer. Foresters, 

v. 9, no. 1, p. 61. 1914. 
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age, then it follows that the production of sporophores will also in- 

erease as the decay develops to that stage where fruiting bodies 
are produced. It is also to be expected that when the period of 
maximum sporophore production is passed there will be a gradual 
decline in the numbers produced and also in the numbers retained 
upon the trunk. Fewer new sporophores are produced in the old- 
aged trees of the stand, and of the old sporophores already on the 
tree many die, become loosened from the trunk, and drop off. The 
data show for both types of site that there is an increase in the 
number of trees bearing sporophores and in the average number of 
sporophores per tree, from the 61 to 80 to the 121 to 160 age classes, 
inclusive, while a decrease is noted for the 161 to 200 and the 201 
age classes. This indicates a maximum sporophore production in 
the 121 to 160 age class and a declining production for the age 
classes following. 

Figures have been given which show that site plays an important 
part in the development of rot in a stand. The consensus of opinion 
among practical loggers is that low, flat, and poorly drained sites 
bear stands having the greatest amount of rot and that the sites 
where trees are freest from rot or where the rot percentage is small 
are well-drained slopes or benches. The comparison of slope and 

bottom sites in respect to rot percentage, both for age classes and 
for the total stand, indicates that a greater amount of rot is preva- 
lent on the bottom sites. A comparison between trees taken from 
similar sites upon widely separated areas and having a difference 
in average age of 10 years shows a difference of 1 per cent in rot be- 
tween these two areas. The percentage is greater on the area having 
the greater average age. The same indication is given by the figures 
for the percentage of infected trees. These data also furnish evi- 
dence of the influence of age upon the amount of rot to be found 
in a stand. Further comparisons of trees occurring on slope and 
bottom sites on the same sale areas also indicate that the trees on 
the bottom sites bear a greater percentage of rot than those on the 
slopes. 

In respect to the influence of site upon degree of injury the data 
do not show conclusively that a greater degree of injury exists upon 
bottom sites. The bottom sites with 2.4 and the slope sites with 1.9 
(Table V) leave too small a difference to attribute them to the in- 
fluence of site. Apparently greater percentages of infections are 
traced to branch stubs on the bottom sites than on the slopes. This 
may be due to the formation of a larger number of dead branches 
on the bottom sites as a result of greater shade. Light more easily 
reaches the lower branches of trees growing on a slope than of trees 
growing on the bottom sites, providing the densities are about equal. 
This might be a possible explanation of the formation of a greater 
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number of dead branches on trees of the bottom sites. Site is ap- 
parently responsible for a greater percentage of sporophores de- 
veloping on the trees of the bottom sites. An average for the bot- 
tom sites gives a distribution of 11 sporophores to every 10 trees, 
while the slope sites have 8 sporophores to every 10 trees. The pro- 
portion of live and dead sporophores to the total sporophores is 
about equal on each type of site, 93 per cent alive and 7 per cent 
dead. The proportion of live and dead sporophores to the total, in 
the case of the largest sporophores, shows a percentage approaching 
that already given, also showing very little variation in respect to 
site. A greater number of sporophore-bearing trees are found upon 
the bottom sites. 

METHODS OF CONTROL. 

From the study of the data presented, it appears that the control 
of diseases in western white pine under the present stage of forestry 
in the Northwestern States will be a difficult matter and subject to_ 

extensive rather than intensive methods. The high economic value 
of the tree and the large amount of loss due to’ rot are two important 
factors which make it imperative that steps be taken at least to 
check the diseases and that attempts be made to reduce the annual 
loss of sound material brought about by the spread of the casual 
organisms. : 

There are two methods of control which present themselves as 
practicable under the present methods of forest management. These 
two methods work hand in hand. The first method is primarily 
based upon the rotation of the stand or the felling age. It is evident 
from a study of the data presented that if the stand is cut before any 
sporophores are produced, or before they are produced in any great 
numbers, the spread of the diseases will be effectively checked. The 
data show that a certain age class represents the period in the stand 
which develops a maximum of sporophores. This period in western 
white pine is represented by the 121 to 160 age class. This age 
class has 48 per cent of the total trees bearing sporophores for the 
bottom sites and 45 per cent for the slope sites. Both the next lower 
and the next higher age classes have smaller percentages for the two 
types of site than the 121 to 160 age class. If the felling age of west- 
ern white pine is kept within the 101 to 120 age class there is every 
reason to believe that the infected trees will be cut down before they 
reach the age of maximum sporophore production. Most of them 
will no doubt be cut down before any fruiting bodies whatever 
appear. This is the most desirable result and is particularly true 
for the slope sites. 

The second method is fundamentally concerned in the strict appli- 
cation of proper pathological marking rules and the consequent re- 
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moval of all infected slash on the sale areas. The marking rules 
should provide definite instructions to fit each distinct sale area and 

should include the consideration of the classification of stands in 
the western white-pine type and the methods of cutting employed on 
each. The pathological marking rules should specify the cutting of 
all diseased trees on a sale area where selection cutting is employed 
and the retention on clean-cut areas of seed trees free from all root, 

butt, and trunk rots, as well as from rust and mistletoe. These two 
recommendations will insure a healthier second growth in the case 
of selection or improvement cuttings, and in the case of clean-cut 
areas will insure the reserved seed trees against windfall and wind- 
break due to fungous activity.t. In the case of the clean-cut area 
the retention of sound seed trees will also prevent distribution of 
diseases by these trees. If seed trees other than western white pine 
are reserved, the selection of sound trees will prevent infection of 
young growth by the rust? and mistletoe* diseases which are pe- 
culiar to certain tree species, such as Engelmann spruce and western 
larch, found in stands of the western white-pine type. The removal 
of all infected slash left on a sale area after logging is an important 
part of the successful control of fungous diseases. In order to pre- 
vent the spread of the diseases which have caused rot in the trees of 
the stand all infected slash liable to develop sporophores should be 
disposed of in such a manner as to check the development of the 
fungus and thus prevent subsequent sporophore production, or it 

should be destroyed outright in some manner consistent with eco- 
nomic requirements. 

SUMMARY. 

Data obtained in a study of the rots of western white pine show 
the following conclusions as presented in this bulletin: 

The three main wood-destroying fungi in the order of their im- 
portance are Z'rametes pini, Polyporus schweinitzii, and Fomes an- 

nosus. Most of the rot found in the tree is traceable to 7. pini. 
rametes pini atta i : x, acting in som T tes pini attacks all portions of the trunk, acting in some 

cases as a typical butt-rot. Polyporus schweinitzii is found to pro- 
duce a typical butt-rot, and Homes annosus is chiefly confined to the 
roots and butt of the tree. 

1 Hubert, E. E. Fungi as contributory causes of windfall in the Northwest. Jn Jour. 

Forestry, v. 16, no. 6, pp. 696-714. 1918. Bibliography, pp. 713-714. 

2 Weir, J. R., and Hubert, E. H. Notes on forest-tree rusts. In Phytopathology, v. 8, 

no. 3, pp. 114-118. 1918. 

i Notes on the overwintering of forest-tree rusts. In Phytopathology, 

v. 8, no. 2, pp. 55-59. 1918. 

2 Weir, J. R. Larch mistletoe: Some economic considerations of its injurous effects. 

U. S. Dept. Agr. Bul. 317, 25 p. 1916. 
Some suggestions on the control of mistletoe in the national forests of the 

Northwest. Jn Forestry Quart., v. 14, no. 4, pp. 567-577. 1916. 
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It is found that an average rot percentage of 7 represents the 
proportion of sound wood rotted by these agencies in the stands of 
timber classified under the western white-pine type. This represents 
a loss of $7,201,250, or 1,658 million feet B. M., in the forests of 
British Columbia, Oregon, Washington, Idaho, and Montana. 

The data indicate that the factor of age is prominent in deter- 
mining the amount and stage of decay in a stand. The age of 
earliest infection was found to be approximately 50 years for the. 
trees in general for the Coeur d’Alene region of Idaho. ; 

Site is found to have a bearing upon the rot in the stand. The 
bottom site, in general, is found to be more favorable to the devel- 
opment of fungous diseases. Site, apparently, has no great effect 
upon the percentage of trees infected, both sites showing approxi- 
mately the same percentage. A larger percentage of the slope trees 
were in the heavier infected age classes. This was not the case for . 
the bottom sites, and therefore a direct comparison of the total 
percentage of trees infected gives figures which are higher for the- 
slope sites than would otherwise be true. In general, a greater rot 
percentage, a greater percentage of infected trees, a greater amount 
of butt-rot, a greater degree of injury, and a larger average num- 
ber of sporophores per tree are recorded for the bottom sites than 
for the slopes. This indicates that the bottom sites are more favor- 

able to the development of fungous diseases. 
With increased age up to a certain point comes an increase in the 

number of sporophore-bearing trees and an increase in the degree 
of injury. 

The maximum production of sporophores is found to occur in the 
121 to 160 age class. The 101 to 120 age class presents, in so far as 
the rot data show, favorable figures upon which to determine a 
pathological felling age. 

The high economic value of the tree coupled with the large amount 
of loss annually sustained through heart-rotting fungi makes it 
highly necessary to attempt control methods. 

The loss due to rots may be reduced by the application of control 
methods aiming to prevent the spread of the organisms causing 
decay. | 

Proper pathological marking rules and practical methods for the 
disposal of infected slash on sale areas are recommended as methods 
of control. 
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PART I.—INTRODUCTION. 

HISTORICAL SUMMARY AND REVIEW OF LITERATURE. 

The literature relating to Asclepias galioides as a poisonous plant 
is confined to three publications. Glover and Robbins, in 1915, 
published statements that cattle in western Colorado had been re- 

ported as being killed by a plant which they called A. verticiilata, 
but that experiments with rabbits had failed to produce results. 
Glover, in 1917, published the results of some experiments with 
rabbits, from which he inferred that the plant was not poisonous 
either when dry or green, but added that cases reported warrant 
the suspicion that “the whorled milkweed may be a very danger- 
ous poison weed for sheep and cattle.” In July, 1918, Glover, New- 
som, and Robbins published a somewhat detailed account of the 
plant and its distribution, gave the history of some cases of sheep 

end of the paper. 
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poisoning in western Colorado, and described experiments in feed- 
ing sheep and rabbits which demonstrated the poisonous character 
of the plant.* 

In preceding years, however, the Department of Agriculture had 
received many reports of losses of live stock from milkweed. In 
most cases the species of plant which caused the trouble was not 
indicated and the reports were so indefinite that the evidence was 
not considered strong enough to warrant the addition of the plant 
to the list of stock-poisoning plants. The reports came from not 
only Colorado but also from New Mexico, Arizona, California, and 
Oregon. In 1902, J. C. Johnson, of Higbee, Colo., reported the loss 
of horses from Asclepias verticillata. 

In October, 1909, Dr. W. E. Howe, inspector in charge of the 
Denver district, received from Dr. 8. C. Babson details of heavy 
losses of sheep in the neighborhood of Montrose, Colo. The losses 
were said to have been due to Asclepias verticillata, inasmuch as the 
animals had fed extensively on the plant and it was found in abun- 
dance in the stomach contents. Post-mortem examinations were 
made, and he reported as the only lesion “ pale heart muscles, ex- 
cessive amount of pericardial fluid, and acute inflammation of the 
outer covering of the surfaces of the brain.” 
A similar report was made by Dr. Babson to the chief of grazing, 

Forest Service, Denver, Colo. He said that the plant grew on the 
banks of irrigation ditches and that it had been traced from the 
beginning of the Montrose and Delta Canal to the California mesa. 
He stated, however, that the plant had leaves 3 or 4 inches long 
and in pairs. From the description it was assumed that the plant 

had been wrongly determined and that probably the species he had 
in mind was Asclepias speciosa. Some experimental work was under- 
taken in regard to Asclepias speciosa without any definite results. 

The attention of the Washington office was again called to the 
matter by a letter from L. F. Kneipp, district forester, who reported 
losses of stock from Asclepias subulata near Diamond Valley on the 
Dixie National Forest and asked for an investigation. A package 
of the plant, which was said to have killed a great number of cattle 
on the Dixie Forest, was sent to the Bureau of Plant Industry for 
investigation, but on account of the small quantity of material it 
was impossible to determine whether the plant was poisonous. . The 
accounts of the losses of animals on the Dixie Forest, however, were 
so definite that it was planned to make a more thorough field ex- 
amination. Meantime, in 1910, Mr. Balthis, supervisor of the Alame 
National Forest, sent in specimens from Alamogordo, N. Mex., 

1In the Amer. Jour. of Vet. Med., Vol. XIV, pp. 135-136, Dr. L. H. Pammel, in ad- 

dition to a review of the bulletin by Glover, Newsom, and Robbins, reports the treatment 

used by a local veterinarian on sheep poisoned by whorled milkweed near Hotchkiss, 
Cole. 
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which were identified as Asclepias galioides or Asclepias verticillata. 
He stated that it was known in that region as the “ beeweed” and 
that it was regarded as very poisonous to stock. 
A statement was sent to the department from the Coconino Na- 

tional Forest, Arizona, which indicated that considerable numbers 
of sheep were lost in that locality from poisoning by “ milkweed.” 
Assistant Botanist Eggleston, while at Mount Carmel, southern 
Utah, in 1914, was told by Bishop Sorenson that he had seen calves 
poisoned by the whorled milkweed. 
A trip was made by the senior author in 1916 to New Harmony, 

Utah, on the edge of the Dixie Forest, where losses were said to 
occur from Asclepias subulata.t Stockmen in the neighborhood of 
New Harmony gave somewhat detailed accounts of the deaths of 
both sheep and cattle from this milkweed, which grows in abun- 
dance near the irrigated lands. Arrangements were made with some 
of them to send a quantity of the milkweed to the experiment station 
at Salina, Utah, for experimental work. The material failed to 
arrive, and consequently the experimental work was not undertaken 
so early as had been planned. 

In the fall of 1917 some Came papers gave detailed accounts 
of the loss of 800 sheep in the neighborhood of Dolores and it was 
stated that the place where the animals died had been known as a 
“death patch.” From the Montezuma National Forest details were 
obtained of the losses, which, it appeared, did not occur in Dolores 
but just east of Cortez. It seems that losses had occurred there in 
preceding years, but at that time, December 7, 736 head out of 1,000 
died and it was supposed that the milkweed was the cause. The 
locality was visited by the senior author in October, 1918, and a 
careful examination of the region was made in company with Gordon 
Parker, supervisor of the Montezuma National Forest, and County 
Agent Newsom. It was found that the place where the loss occurred 
in 1917 was an area a short distance from Cortez, in which Asclepias 
galioides grows in great abundance. Mr. Newsom said that deaths 
had occurred repeatedly on this area and that within 3 or 4 years 
from $35,000 to $45,000 worth of sheep had been lost. This case was 
reported also by Glover, Newsom, and Robbins. It was found that 
there were thick patches of the weed in other localities near Cortez, 
and that there had been other cases of poisoning. From stockmen it 
was learned also that there had been serious losses near Dolores. 

The Grand Junction (Colo.) Daily Sentinel of March 20, 1918, 
reported that about 60 head of sheep near Whitewater, Cole., had 
been poisoned by hay which contained milkweed. The case was 
investigated in the following May by a member of the department’s 

1It may be noted that systematic botanists have determined that the milkweed of ihat 

locality is A. galioides, not A. subulata. 
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force engaged in investigating poisonous plants. It was found that 
during lambing the sheep were fed Gunnison Valley hay which 
contained a considerable quantity of Asclepias galioides. One hun- 
dred and twenty were said to have been fed, and of that number 
between 50 and 60 died. The symptoms, as described by the vet- 
erinarian who was called in, comprised convulsions, rapid pulse 
and respiration. Nausea and considerable salivation were present. 
No bloating was noticed. In the autopsy the only lesion reported 
was hemorrhagic spots on the heart and lungs. These cases, it 
should be noticed, were due to the dry plant in the hay. 

About the middle of June, 1918, a letter was received from Assistant 
District Forester Hatton referring to a heavy loss of sheep near 
Hotchkiss, Colo., with the suggestion that the matter might be worth 
more careful investigation. Hotchkiss was reached on June 14 by 
the senior author, and the next day, in company with Mr. Bennett, 
who owned the sheep, Mr. Kreutzer, the supervisor of the Gunnison 
National Forest, and Fred Hotchkiss, of Hotchkiss, he made an ex- 
amination of the locality. It was found that 1,600 sheep had been 
kept on a pasture of about 40 acres in the “ Midway ” region for a 
day with no feed except that which could be grazed in the pasture. 
An examination of the pasture showed that the vegetation was largely 
sagebrush, alfilaria, and Asclepias galioides. A part of the pasture 
was an abandoned orchard in which milkweed was abundant. 

The deaths of the sheep had occurred between 2 and 3 weeks before, 
and in consequence it was somewhat difficult to determine to what 
extent the milkweed had been grazed. A careful examination, how- 
ever, showed that it had been eaten in many places, and as there 
was little else in the pasture it was assumed that the animals had 
eaten the weed, and that it was the cause of the loss. At that time 
the weed was from 8 to 15 inches high, and was in bud but with 
no flowers. Jt was stated that the animals did not die in the pasture 
but that symptoms began to appear 2 or 3 hours after they left it. 
Some of them lived 12 hours after symptoms appeared. The prin- 
cipal symptoms, according to Mr. Bennett, were violent convulsions, 
and it was said that the animals would pound their heads upon 
the ground. Some of the animals became sick as late as 1 o’clock 
the next day. The total loss was about 400. or about half of those 
that were sick. 

The weed was found in some other localities between Hotchkiss 
and Paonia, and Mr. Hotchkiss remarked that he had noticed that 
when hungry sheep fed upon it many of the sheep died, and that 
when they avoided the milkweed he lost no sheep, so he felt positive 
that the milkweed was the cause of the loss. The evidence pointed 
so strongly to the milkweed that it was deemed probable that it was 
the real cause of the losses. 



Bul. 800, U. S. Dept. of Agriculture. PLATE I. 

ASCLEPIAS GALIOIDES. MATURE PLANT FROM HOTCHKISS, COLO., SHOWING 
FLOWERS AND FRUIT. 
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ASCLEPIAS GALIOIDES. PLANT FROM HIGH ROLLS, N. MExX., IN FLOWER, WITH 
Root SYSTEM. 
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ASCLEPIAS GALIOIDES. YOUNG PLANT FROM PAONIA, COLO., IN BLOSSOM, 

SHOWING LONG ROOT. 
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A considerable quantity of the plant was collected and sent to the 

Salina experiment station, where experiments, which were imme- 
diately undertaken, proved it to be extremely toxic. 

Assistant Botanist Eggleston spent most of July, August, and 
September, 1918, in investigating the distribution and habits of the 
whorled milkweed in Colorado, Utah, and New Mexico. 

DESCRIPTION GF ASCLEPIAS GALIOIDES. 

Asclepias galioides, whorled milkweed. The stems are erect, sin- 
gle, or several, sometimes branching, “near woody ” at base, and from 
1 to 5 feet high; the main roots are horizontal, often branching, with 
adventitious buds producing new stems; the leaves are in whorls, from 
2 to 6, narrowly linear, from 2 to 4 inches long; the flowers are in um- 
bels from one-half to 1 inch across, at the ends of branches or in the 
axils of leaves; the 5 greenish-white sepals are ovate, reflexed, and 
persistent; the petals are united; there is a crown of cornucopialike 
segments with horns attached between the corolla and stamens; the 
stamens are 5 in number, and the pollen coheres in a waxy mass 
which is removed bodily by insects; the pods are from 1 to 3 inches © 
long, narrow, hairy, splitting on the sides; the seeds are flat, reddish- 
brown, with a tuft of long, silky hairs at summit. It flowers in June 
and July, the blooms often continuing until September. 

Plate I illustrates the mature plant, showing both flowers and fruit. 
Plate II shows also the root, and Plate III shows the extended root 
system of even small plants. Plate IV, figure 1, shows the plant 
growing in an abandoned orchard. 

There seems to have been some confusion in regard to the sys- 
tematic position of the whorled milkweed. Glover, 1917, and Glover, 
Newsom, and Robbins, 1918, call it A. verticillata. The plant col- 
lected in southern Utah, as stated on page 3, was known as A. subu- 
lata. A special study of the subject was made by Mr. Eggleston with 
the following result: 

The whorled milkweeds were named by Dr. Gray, 1886, as follows: 

Asclepias mexicana. 

Asclepias verticillata. 

var. subverticillata. 

var. pumila. 

A. galioides was first described by Humboldt, Bonpland, and 
Kunth, 1818, from the State of Michoacan, Mexico. 

Miss Anna M. Vail, 1898, separated the group into 7 species. 
Wooton and Standley, 1915, considered A. galioides the common 

New Mexico species of whorled milkweed and then reached the fol- 
lowing conclusions in regard to other species: 

Our specimens may include A. verticillata, but we have been unable to sepa- 

rate them definitely. They also include specimens cited by various authors as 
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A. subverticillata, In our opinion there is only one species of this type in New 

Mexico. 

The study of fresh specimens in New Mexico, Colorado, Utah, and 
the examination of dried specimens in the herbaria leads to the con- 
clusion that A. verticillata does not occur in the Rocky Mountain 
country, but is a species of the Atlantic Plains and the Mississippi 
Valley. 

A. mexicana grows from 3 to 5 feet high, and has wider leaves and 
shorter horns than other species of the whorled-milkweed group. It 
ranges from southern Mexico through western Arizona, California, 
and western Nevada to the Columbia and Snake River valleys in 
Washington and eastern Idaho. 

A. pumila (A. verticillata var. pumila) is a low, tuited plant with 
leaves irregularly crowded on the stem. The plant, if it proves to be 
only a variety, belongs with A. galioides. It ranges from South Da- 
kota to Colorado, western Nebraska, and New Mexico. 

A. galioides was included by Dr. Gray in A. verticillata. Recent 
authors have tried to distinguish the two species by the shape of their 
hoods, describing those of A. verticillata as entire from a rear view, 
and those of A. galioides as hastate-sagittate. 

All the whorled-milkweed flowers seen in the summer of 1918 had 
entire hoods. Examination of these specimens after drying shows the 
hoods hastate-sagittate. A study of herbarium specimens indicates 
that hoods of both A. verticillata and A. galioides are often hastate- 
sagittate when dried. ‘These species, however, differ in two respects. 
A. verticillata has a Bunch of long, fibrous roots and smooth pods; 
A. galioides has horizontal main roots and hairy pods, and in these 
characters agrees with A. pumila and A. mexicana. In flower the 
species appear to be nearly identical. 

There appears to be no doubt that the plant which has been respon- 
sible for the cases of poisoning in Colorado, Utah, Arizona, and New 
Mexico is A. galioides. 

DISTRIBUTION AND HABITS OF THE PLANT. 

The plant ranges northward from Central America through Ari- 
zona and New Mexico to central Utah and central Colorado. 

Tt has been found in Utah as far north as Beaver County (eccord- 
ing to Esplin) and the foothills of the Uinta Mountains (according 
to Jones). In western Colorado it has been seen on Grand River as 
far up as Glenwood Springs, on the North Fork of the Gunnison 
River as far as Bowie, and on the Gunnison River to the Black 
Canyon. 

Tn eastern Colorado it has not been observed north of the Arkansas 
watershed, but occurs on that river as far as Parkdale, just above 
the Royal Gorge. Figure 1 shows, in a general way, its distribution. 
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The natural habitat of Asclepias galioides is dry plains and foot- 
hills. In the foothills of Colorado and New Mexico it seems best at 
home in the bottoms of draws. In southern Utah it occurs frequently 
in sandy, rolling plains. In New Mexico it reaches an altitude of 
about 7,500 feet and in southern Colorado 7,000 feet. 

Its downy seeds are adapted to wind dispersal, but in the irrigated 
orchards and fields, where whorled milkweed is becoming abundant, 
the rapid increase has been due largely to water transportation of 
seeds. The irrigating ditches have proved to be ideal for the trans- 
portation, germination, and development of seeds. Wherever ditches 
have been dug in the neighborhood of whorled milkweed young plants 
have developed along the water line and spread by means of hori- 
zontal roots and seeds. The main ditches carry seeds into the 
laterals and thence into the open fields. Fortunately the milkweed is 

a sun-loving plant and does not germinate or grow well in the shade. 
There is little evi- 
dence that it estab- 
lishes itself in fields 
with heavy cover 
crops like alfalfa, 
but a poorly seeded 
field may be just the 
place for it to get a 
strong foothold. In 
old orchards where 
the milkweed gets a 

.start it runs riot, 
often forming a Be oe Cee pine ee 
Palienat bet woen Fic. 1.—Distribution of eee galioides in the United 

the trees. 
The rapidity with which the plant spreads along the ditches is 

amazing. The orchard country at Grand Junction, Colo., has been 
ditched by various projects, the last and uppermost of which is the 
United States Reclamation Service ditch. Lateral ditches from this 
main ditch, dug in new ground but three years ago, are fringed 
with milkweed. 

In the Grand Junction region much of the stock poisoning is caused 
by milkweed in the hay. The trees in many milkweed-infested or- 
chards there have been removed and the land sown to alfalfa. 

Another orchard country, on the North Fork of Gunnison River, in 
Delta County, Colo., has no milkweed in its hay, but heavy losses 
ef stock are reported at the time the animals are trailed to and from 
the summer ranges in the mountains. Ditches and fence rows along 
these trails often have quantities of milkweed which the stock eat 
when forage becomes scarce. 
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Many areas in southern Utah are given up to corn raising by dry- 
land farming and afford another poison-milkweed problem. Some of 
the fields are in the natural habitat of the milkweed; cultivated soil 
forms a better seed bed than the undisturbed soil; cultivation breaks 
up the horizontal roots and propagates new plants rapidly. Areas 
of this type may be seen between Kanarraville and New Harmony, 
Utah. . 

On some of the overgrazed ranges whorled milkweed has become 
a menace to stock. The range country in Long Valley on the Virgin 
River near Mount Carmel, Utah, appears, to be an overgrazed range 

of that sort. Arizona and New Mexico also have the same range 
trouble. 

PART IIl.—EXPERIMENTAL WORK. 

Although both cattle and horses are killed by the milkweed, the 
greater part of the experimental feeding work was done with sheep, 
since most of the heavy losses are of sheep, and, moreover, it did 
uot seem wise to kill cattle and horses unless it was distinctly neces- 
sary. Enough was done with cattle and horses to demonstrate the 
toxicity of the plant for those animals and to show that the results 
obtained from the sheep experiments could be applied to other ani- 
mals. Table 1 gives a summary of the experiments. 
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1 THE WHORLED MILKWEED AS A POISONOUS PLANT. 
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HORSE EXPERIMENTS. 

Only one horse, No. 126, a 5-year-old gelding weighing 1,020 

pounds and in fine condition, was used for experimental feeding. 
At 3.36 p. m. July 30, 1918, the animal was given 1,020 grams, equal 
to 0.22 pound per hundred weight of animal, of Asclepias galioides 
which had been shipped from Hotchkiss, Colo. The plant was mixed 
with 5 pounds of alfalfa hay. The feeding was entirely eaten by 
5.15 p. m. of the same day. The horse was kept under observation 
until 10.30 p. m. and during that time no symptoms appeared. It 
was seen again the following morning, July 31 at 7.45 a. m., when 
it seemed slightly paralyzed in its hind legs and while being driven 
from one pen to another, fell down. At 8 a. m., its pupils were di- 
lated and it was moving uncertainly about the corrals, evidently not 
having entire control of its legs. When hurried it fell. At 8.30 a. m. 
it was staggering about the corral; would walk a few steps, tremble, 
spread its legs apart and fall. As it went down its head was bent 
toward its breast and its lips were drawn back from its teeth. It 
perspired freely and the pupils were dilated. These motions were 
repeated again and again. The animal rose from the reclining pos- 
ture with difficulty and in its attempt to move about the corral was 
uncertain in its movements and staggered from side to side. It could 
stand for only an extremely short time and then would fall and 
again attempt to rise. 

Plate V, figures 1, 2, 3, 4, 5, and 6, show its attitude at various times 
between 8.25 and 8.45 a.m. Figure 1 shows the attitude assumed 
during the spasms. The head is extended rather rigidly and the 
legs drawn close to the body. In figure 2 the animal is shown in 
a brief period of rest before attempting to rise. Figure 3 shows the 
characteristic staggering as it attempted to move about the corral. 
In figure 4 its head is drawn close to the breast, an attitude frequently 
assumed in the spasms. In figure 5 the horse is attempting to rise. 
It was noticed in these attempts that it had less control of the hind 
legs than of the fore legs. These motions were repeated every 2 to 
5 minutes and it was noticed that in falling the animal almost in- 
variably fell upon its right side, the head sometimes striking the 
ground with great violence. Figure 6 shows the animal just as it is 
attempting to raise its head from the ground. 

Plate Va, figure 1, taken at 8.57 a. m., shows the horse in one of 
its attitudes when attempting to stand. As stated, the animal would 
fall upon its right side and roll upon its belly and then attempt, 

-with greater or less success, to rise. During this time it breathed 
with forcible expirations, frequently accompanied with grunts. Fig- 
ure 2 of the same plate shows the animal again in one of its attempts 
to get upon its feet. These motions were repeated frequently, the 
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animal being unable to get upon its feet between about 9 o’clock 
and 11.30 a.m. Figure 3, taken at 10.30 a. m., shows the horse in 

the midst of ene of its spasms. Figure 4, taken at 11.24 a. m., shows 
a very characteristic attitude in which the horse draws its head back, 
baring its teeth. Generally speaking, in the spasms the head was 
drawn back in the position of opisthotonos, or the head was 
drawn close to the breast. The animal was not quiet more than 5 
or 10 minutes at any time. At 11.39 a. m., it got upon its feet, moved 
a short distance, and then fell again. This was repeated a number 
of times before 12 o’clock and. at 12.17 it. was again able to get upon 
its feet and staggered across the corral, but immediately fell, going 
dewn with considerable violence. This was repeated two or three 
times before 1 o’clock p.m. Figure 5, taken at 1.03 p. m., shows 
the animal in one of these brief intervals when he was upon his feet. 
At 1.35 p. m. it was noticed that the walking movements, which 
were seen very markedly in sheep, were noticeable and later be- 
came more rapid, so that between 2 and 3 o’clock the movements of- 
the legs were much like those made by an animal in running. Dur- 
ing this time the animal, when down, was always on its right side 
and moved its head back and forth upon the ground with such vio- 
lence as to result eventually in the loss of sight in the right eye. 

The condition of the horse remained practically the same through 
the remainder of the afternoon and evening. The last cbservation 
was made at 10.45 p.m. At 2.30, 3.10, and 4.40 one grain of arecolin 
was given subcutaneously. It was noticed at the last observation in 
the evening that it would attempt to eat hay which was placed before 
it. The first observation on August 1 was at 7.15 a. m., and at that 
time the horse was in practically the same position as when left the 
night before. When disturbed it rolled upon its belly, but had great 
difficulty in maintaining that position. At 7.25 it was found standing, 
being especially weak in the hind legs. At 8 o’clock it walked into 
the next corral and drank water copiously. 

Plate Va, figure 6, taken at 8.45, shows the general attitude of the 
animal when standing. It continued to improve and remained on 
its feet during the day, gradually reaching almost complete re- 
covery. Jt was noticed, however, that at different times, a month 
later, when he was being driven, he would suddenly fall with con- 
siderable violence. It was thought at the time that these falls were 
partly due to defective eyesight, as he was practically blind in the 
right eye. As it is possible that a permanent systemic injury was 
produced by the Asclepias poisoning, the animal was kept under ob- 
servation another year. Whether the arecolin had any marked effect 
in aiding in recovery is a matter of doubt. It is a fact, however, 
that the animal was very sick, and the experience with other animals 
shows that most cases end fatally. It is possible, therefore, that the 
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arecolin had some value. This horse was fed Asclepias galwoides 
again on September 20, and received 0.14 pound per hundredweight 
of animal. This was given at 2.05 p. m., and the animal was kept 
under observation during that and the three succeeding days, but 
showed no symptoms during that time. 

In the fall the horse was taken from the station to a pasture near 
Salina, where it was kept during the winter. It was reported by the 
forest ranger who drove the animals down that No. 126 whirled 
around a number of times, drew its head down and fell, but soon got 
up and went along. It was also reported that it acted queerly at 
various times during the winter. It was driven to the station again 
May 28, 1919, when it was in very good condition. During June and 
the first half of July, it was repeatedly observed to stop suddenly, 
whirl about one or more times, draw the head toward the breast, and 
fall. These fits seemed to come suddenly when the animal was run- 
ning or excited. In the latter part of July it was fed another 
species of Asclepias with no effect, and from August 20 to 25 an at- 
tempt was made to have it eat Asclepias galioides, but with no success. 

On September 15, 1919, within about 7 hours, it ate 0.507 pound 
of dry Asclepias galioides, which is equivalent to 0.161 pound of green 
plant per hundredweight of animal. The. material fed consisted of 
leaves only and was mixed with chopped alfalfa. As shown else- 
where (p. 37) it has been found that the leaves of Asclepias galioides 
are much more toxic than the stems, so that this quantity, 0.161 pound, 
was really a much heavier dose than that of the preceding year, 0.22 
pound, which consisted of stems as well as leaves. The feeding was 
given at 10.50 a. m. and the above-mentioned amount had been con- 
sumed at 5.23 p.m. At that time there were symptoms of intoxica- 
tion, weakness in the hind legs being especially noticeable. These 
symptoms gradually became more pronounced until at 7.13 the animal 
went into a spasm. After that the spasms followed one another at 
exceedingly short intervals and it exhibited all the symptoms seen 
in its case the preceding year. It was kept under constant ob- 
servation until death, which occurred at 12.28 p. m., September 16. 

The autopsy was made immediately after death. The stomach was 
greatly distended with gas, and parts of the wall were deeply con- 
gested. There were congested areas in the jejunum, ileum, and 
cecum. The spleen and pancreas exhibited some congestion. The 
brain and spinal cord were congested, there were areas of hemor- 
rhage between the medulla and cerebrum, and minute hemorrhagic 
areas on the surface of the cord. The heart was in diastole; it was 
unusually large and the walls were flabby. 

CATTLE EXPERIMENTS. 

Two head of cattle were used in the feeding experiments. No. 815 
was ied four times; August 1 it received 0.163 pound of Asclepias 
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galioides per hundredweight of animal; August 8, 0.22 pound; Au- 
gust 13, 0.242 pound, and August 17, 0.294 pound. None of these 

feedings took effect. 
No. 750 also was fed four times. It was a steer that was locoed in 

1917, but under continued treatment was practically cured, although 
not quite in full flesh. The animal would be considered in fair con- 

dition. On August 22 this animal received 0.22 pound per hundred- 
weight of animal, which produced no effect. On August 25 it re- 
ceived 0.626 pound per hundredweight of animal, again with no re- 
sult. In the feeding of August 22 the material was eaten within 4 
hours; in the feeding of August 25 it was eaten in about 24 hours. 
On August 26 the animal received 0.848 pound per hundredweight 
of animal, but unfortunately no note was made as to whether all was 
consumed. Nosymptoms appeared during the day. On the next day, 
however, August 27, at 9.13 a. m., it was noticed that the muscles of 

the fore legs'and the neck were quivering in an abnormel manner. 
At 12.01 noon the animal fell upon its stomach, throwing the head - 

back and kicking spasmodically with its fore legs. It then lay upon 
its belly with the forefeet doubled under the thorax and hind legs 
stretched out, in a position as shown in Plate VI, figure 2. Figure 1 
shows the animal just before it fell. It then got up and moved about, 
staggering and trembling, with its hind legs far apart. At 12.10 it 
was found moving in an unsteady way with shoulders twitching 
violently and breathing with grunts. Saliva was dripping from its 
mouth. Figure 3 shows the attitude at that time. It moved about 
in a weak way, sometimes turning toward the right, and soon went 
down again. Figures 4, 5, and 6 show the attitudes which it assumed 
while attempting to stand. At 12.35 it went down, pushing forward 
with great violence. Plate VIA, figure 1, shows its attitude as it came 
down upon the ground. It turned over upon its left side, then back 
upon its belly with the hind legs extended, but at 12.37 it was again 
on its feet. Figure 2 shows the animal on its feet again at 12.40. 
Figure 3 shows hew it attempted to move rapidly and had difficulty 
in maintaining itself. At 12.44 (fig. 4) it started to run and went 
against the wall of the corral, fell down upon the right side with legs 
stiffly extended, but rose in a few seconds, and at 12.45 was down 
again, but at 12.46 was on its feet. At 12.50 it fell, rolled over on its 
stomach, and then dragged itself along, in its attempts to rise. This 
position is shown very clearly in figure 5. Figure 6 shows its posi- 
tion at 12.52 p.m. These movements were repeated again and again. 
Tt ordinarily remained on its feet not more than 10 or 15 minutes at 
a time. 

At 1.35 p. m., however, the animal seemed quite strong and when 
made to run around the corral for two or three minutes did not fall, 

although it still staggered. At 1.57 after being run about it ran into 



Bul. 800, U. S. Dept. of Agriculture. PLATE IV. 

Fiac. I.—ASCLEPIAS GALIOIDES GROWING IN AN ABANDONED ORCHARD. 

Fia. 2.—A YOUNG PLANT OF ASCLEPIAS GALIOIDES 
GROWING FROM A PIECE OF ROOT ABOUT ONE= 
FOURTH INCH LONG. 



Bul. 800, U. S. Dept. of Agriculture. PLATE V. 

Fig. 1.—Horse 126 at 8.25 a. m., July 31, ina Fig. 2.—Horse 126 at 8.30 a, m., July 31. 
spasm. 

Fic. 3.—Horse 126 at 8.32a. m., July 31, attempt- Tq. 4.—Horse 126 at 8.45 a. m., July 31, showing 
ing to stand. the position with head drawn to the breast. 

Fic. 5.—Horse 126 at 8.45 a. m., July 31, attempt- Fig. 6.—Horse 126 at 8.54 a.m., July 31, attempt- 
ing to rise. ing to recover from a prostrate position. 



Bul. 800, U. S. Dept. of Agriculture. PLATE V-A. 

Fia. 5.—Horse 126 at 1.03 p. m., July 31, when Fie. 6.—Horse 126 at 8.45 a. m., August 1, when 
able to get upon his feet for a minute or two. tauproned sufficiently to remain upon his 

eet. 



Bul. 800, U. S. Dept. of Agriculture. PLATE VI. 

Fig. 1.—Steer 750 at noon. Fic. 2.Steer 750 at 12.01 p. m., showing its 
position after falling. 

Fic. 3.—Steer 750 at 12.10 p. m., when moving Fic. 4.—Steer 750 at 12.12 p.m. 
unsteadily. 

Fig. 5.—Steer 750 at 12.14 p. m. Fic. 6.—Steer 759 at 12.34 p. m. 



Bul. 800, U. S. Dept. of Agriculture. PLATE VI-A. 

Fic. 1.—Steer 750 at 12.35 p. m., after falling Fic. 2.Steer 750 at 12.40 p. m., when upon its 
forward. feet again. 

Fic. 3.—Steer 750 at 12.43 p. m., when stagger- Fic. 4.—Steer 750 at 12.44 p. m., after falling. 
ing. 

Fig. 5.—Steer 750 at 12.50 p. m., dragging itself Fig. 6.—Steer 750 at 12.52 p. m. 
along after falling. 
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the wall of the corral and fell. This was repeated two or three times, 
and it was noticed that before falling the head was drawn toward 
the body in somewhat the same attitude as that assumed by Horse 
126. After 2 p. m. the steer was considered on the road to recovery 
and was able to remain upon its feet. It was kept in the corral until 
5.80, August 28, when it was turned into the pasture. At that time, 
while it had recovered, it seemed somewhat weak and staggered when 
driven. Thereafter its recovery seemed to be complete. 
On September 22, at 10.45 a. m., it was given 450 grams of dried 

plant, which was equivalent to 0.551 pound of green plant per 
hundredweight of animal. This animal was fed with about 5 pounds 
of alfalfa hay, and it was expected that this quantity might be sufli- 
cient to produce fatal results. By noon all but 2 pounds of the mix- 
ture had been eaten, and while no note was made of the completion 
of the feeding, it is supposed that the remainder was eaten during 
the afternoon. 

At 7.15 a. m., September 23, the animal was found lying on the 
right side, and evidently had been lying and kicking for a consider- 
able period. An unusual noise was heard in the corral that morning 
at 3.45 but was not investigated and it was presumed that the animal 
was down at that time. The pupils were dilated and the jaw 
moved constantly as if it were chewing. From that time until death, 
at 3.85 p. m., the animal was upon the ground most of the time and 

_there were almost continuous spasms. It was considerably bloated 
and frequently breathed with groans. Considerable gas was belched 
from the stomach, which may have relieved the bloating to some ex- 
tent. During the spasms the pupils were dilated and it was evident 
that the animal had salivated considerably. 

Sometimes it bellowed loudly as though in pain and most of the 
time the spasms were so frequent that the motion of the legs was 
nearly continuous in a walking or running movement. In the spasms 
the head was sometimes drawn back in the position of opisthotonos, 
while at others it was drawn to the breast. This condition continued 
until death. 

Immediately after death an autopsy was made. The body was con- 
siderably bloated, the gas being especially evident in the first and 
second stomachs. The blood vessels of the ileum were unusually full. 
The only other abnormal condition was the fullness of the blood ves- 
sels in the meninges of the brain and of the spinal cord. 

SHEEP EXPERIMENTS. 

Twenty-nine different experiments were made with sheep during 
the season of 1918. Of these 2 were sick and recovered and 10 died. 
Thirty-seven experiments with sheep were made in 1919. Of these 
4 exhibited symptoms, 4 were sick, and 3 died. A general summary 
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of these cases is given in Table 1. In three of the experiments the 
plant, mixed with hay, was fed to the animals. In all other cases 
the feeding was by the balling gun, so that the animals received the 
material in a very short time. It does not seem necessary to give the 
details of all these cases, as they were very simple. Two cases that 
were fairly typical have been selected for an extended account. 

SHEEP 478. 

This animal was an old ewe, in fair condition, weighing 100.5 
pounds. On June 19 at 10.30 a. m. its temperature was 102.8° F., 
pulse 108, and respiration 39. Between 10.38 and 10.40 a. m. it was 
given, with the balling gun, for each hundredweight of animal, 0.165 
pound of Asclepias galioides from Hotchkiss, Colo. The animal was 
kept under observation during that and succeeding days and showed no 
symptoms of poisoning. The highest temperature reached was 103.4° 
F., at 11 a.m, June 19. The animal, then weighing 114 pounds, was 
brought in August 19, 1918, for another experiment with the plant. - 
At 10.03 a. m. its temperature was 102.1° F., its pulse 90, and respira- 
tion 48. At 11.09 it was given, for each hundredweight of animal, 
0.11 pound of green Asclepias galioides which had been collected near 
High Rolls, N. Mex. There was no result from this feeding. 

On August 28, when the animal weighed 111 pounds, another ex- 
periment was made. At 9.50 a. m. its temperature was 100.9° F., 
pulse 60, and respiration 36. At 11.35 a. m., for each hundredweight 
of animal it was given 0.188 pound of green plant of Asclepias 
galioides which had been collected near Paonia, Colo. From this 
feeding there was no result. On the next day, August 29, at 10.23 
a. m., for each hundredweight of animal 0.138 pound of green plant 
of Asclepias galioides was given. This experiment, too, was without 
effect. On September 2 it was given 0.147 pound of green plant 
per hundredweight of animal, again without effect. On September 
5 at 2.30 p. m, it received 0.167 pound of green plant per hundred- 
weight of animal, the material having been collected near Paonia, 

Colo. The animal was kept under observation and no symptoms 
were noticed until 11.35 a. m. September 6. At that time it went 
down on its knees and lay stretched out upon the stomach. A sub- 
cutaneous injection of one-fourth grain of arecolin was given at 
11.57. At 11.59 it was attempting to get up, but was unable to do so. 
The head was thrown back in the position of opisthotonos and then 
at times drawn to the breast. The respiration was labored. 

Plate VII, figure 1, shows the attitude assumed by the animal at 
11.57 and figure 2 at 11.58. Figure 2 is a characteristic attitude 
when the animal was kicking about, with its head thrown far back. 
At 12.02 p. m. the sheep was placed upon its feet but was unable to 
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Fig. 1.—Sheep 478 at 11.57 a. m. Fig. 2.—Sheep 478 at 11.58 a. m. A character- 
istic attitude when in a spasm. 

Fig. 3.—Sheep 478 at 12.24 p. m., when attempt- Fig. 4.—Sheep 478 at 12.41 p. m., after falling 
ing to rise. forward. 

Fig. 5.—Sheep 478 at 12.45 p. m., in one of the Fic. 6.—Sheep 478 at 1.05 p. m., when recoyer- 
intervals between spasms. ing. 



yea. ; acy Latha 

Ate HN 



THE WHORLED MILKWEED AS A POISONOUS PLANT. 19 

stand. The respiration continued deep and labored. At 12.14 it 
got upon its feet, ran across the pen and fell down. This was re- 
peated two or three times. At 12.25 it was able to stand for a few 
seconds, but fell forward again. At 12.31 it got up, fell twice, then 

got upon its feet and fell forward across the pen. Figure 3, taken 
at 12.24 p. m., shows its attitude when attempting to rise. Figure 4, 
taken at 12.41 p. m., shows the attitude as it fell forward in crossing 
the pen. Figure 5, taken at 12.45 p. m., shows the attitude when 
lying more quietly. At 12.45 p. m., 1t was given another dose of 
one-fourth grain of arecolin. In the spasms the eyes were dilated. 
and the head was either drawn to the breast or thrown far back. 
At1 p.m. the animal seemed somewhat stronger, and it was taken out 
of the pen. It was then able to hold its head erect. Figure 6 shows 
the attitude assumed by the animal. After this the spasms were less 
frequent and it seemed to be gaining in strength. At 2.14 p. m. it 
was able to walk about 25 feet and a little later seemed to walk quite 
normally. It continued to gain in strength until about 4.40 p. m., 
when the condition seemed fairly normal. From that time it gained 
steadily. 

The temperature was taken at intervals during this illness. At 
6.35 p. m., September 5, it was 102.2° F., at 10.08 a. m., September 6, 
1002°, at 12.06 p. m., 103.7°, at 12.25, 104.4°, at 6.19 p. m., 103.3°, 

and the next morning, September 7, at 8.13-a. m., 100.9° F. 

SHEEP 476. 

Sheep 476 was an old ewe, weighing 81.5 pounds at the time of 
experiment. On June 20 at 12.22 p. m. it was given 0.27 pound 
of Asclepias galioides per hundred pounds of animal. This was 
given by the balling gun, and the feeding was finished in about three 
minutes. The temperature at 2.20-p. m. was 101.9° F., pulse 102, 
and respiration 30. At 3.45 the temperature was 102.6°, pulse 150, 
and respiration 24. The respirations were deep and labored but 
regular. The sheep was down on its side with the head thrown 
back, and immediately went into a series of spasms. The legs were 
extended and stiff. At 3.55 p. m., while lying up its side, it was 
moving the legs as if running. The respiration was labored and 

the expiration forced. ‘The heart was beating nearly 200 times 
a minute. The movements of the legs at times were slow and at 
other times very rapid. At 4.07 p. m. there was frothing at the 
mouth, bloating, and some gas was belched. These actions were 
repeated every 2 to 5 minutes during the afternoon. The bloating 
was very marked. At times the animal was trembling. In the 

-spasms the head was drawn back and brought to the breast, and 
during that time the temperature went up to 105° F. The respira- 
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tion was never rapid and was labored during the full period. The 
spasms were repeated with very great frequency between 6.57 p. m. 
and 7.17 p.m. <A record of the number of the spasms was taken 
and it was found that 59 occurred during the period. At 7.20 p. m. 
there was a violent spasm. The animal straightened out its legs, 
the heart stopped beating, and gas bubbled up through the throat 

and mouth. 
In the autopsy upon this animal very little was noticed that was 

abnormal; in fact, this autopsy should hardly be considered typical. 
In the summarized account of the autopsies on page 28 is given 
a statement in regard to the general appearances of the internal 
organs of the animal after death. 

CHEMICAL EXAMINATION. 

No analysis of Asclepias galioides appears to have been made be- 
fore this investigation and, although the present chemical examina- 
tion has not been completed, it appears to be desirable to record the 

definite results already obtained. . 
The plant material used for the chemical work was taken from the 

same stock lots as that used in the feeding experiments and was 
consequently identical with it. Most of it was carefully dried and 
ground in a drug mill. One portion of green plant was, however, 
examined, but was found to contain nothing of a toxic nature which 
is not present also in the dried plant. 

No attempt was made to determine all the constituents of the 
plant by a routine phytochemical analysis, since for this investiga- 
tion, the substances responsible for range poisoning were alone 
important. On that account the chemical procedure was conducted 
primarily to yield knowledge of them. 
A portion of the dried plant was extracted with petroleum ether 

and the extract was found to contain a large quantity of caoutchouc 
with coumarin and fatty matters. Several portions were exhausted 
with alcohol, which removed all the toxic substances. This extract 
was partly soluble in water and both the solution and the residue 
were toxic. The aqueous solution contained a very small quantity 
of a nontoxic alkaloidal substance corresponding to less than 0.01 
per cent of the weight of the dry plant, two glucosids which may be 
separated from each other by their different solubility in chloro- 
form, and sugars which appear to consist of maltose and a sugar 
which yields dextrosazone. Both of the glucosids are toxic and 
produce narcosis. 

The water-insoluble portion of the alcohol extract contains fats, 
an orange-red coloring matter, a phytosterol, nontoxic resin acids, 
toxic glucosids which are probably identical with those found in 
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the water-soluble fraction, and the substance which causes the spas- 
modic symptoms observed in animals. After a complicated manipu- 
lation the last substance was obtained as a colorless, brittle, resinous 
mass which has not yet yielded anything of a crystalline nature. It 
melts indefinitely at about 60° C., is insoluble in water, aqueous acids, 
and alkalies, is very soluble in alcohol, amyl alcohol, glacial acetic 
acid, acetone, chloroform, ether, benzol, acetic ether, and pyridine. 
Tt does not appear to be glucosidal. Further investigation, with the 
object of determining its precise chemical nature, is in progress. 
: This substance has been thoroughly tested upon guinea pigs and 
produces the characteristic symptoms observed on the range, with the 
typical lesions. 
Fresh samples of the plant were tested for the presence of volatile 

poisons and toxic saponins, with negative results. 

PHARMACOLOGICAL RESULTS. 

The pharmacological work was conducted according to the follow- 
ing plan: Each of the various fractions resulting from the chemical 
treatment of the plant extracts was administered through the mouth 
to an animal. Extracts which contained much matter insoluble in 
water were emulsified in that liquid with either acacia or mucilage of 
Irish moss; soluble extracts were given in water solution. Frequent 
control animals served to exclude accident. 
The animals used were sheep and guinea pigs. The larger propor- 

tion of the testing was done with the latter animals, which were 
found to react excellently and characteristically to the toxins of the 
plant, duplicating the symptoms observed in the experimental sheep 
almost to the most minute detail. In indefinite cases the tests were 
repeated upon several animals; 126 experiments in all were con- 
ducted. As criteria in the work upon the guinea pigs were taken 
the symptoms and pathological lesions exhibited by the experi- 
mental sheep. By following this plan it was found possible to 
exclude many of the plant constituents as innocuous or as not factors 
in range poisoning and to locate definitely the fractions which con- 
tain toxic substances. 

Three general and distinct types of intoxication were observed in 
guinea pigs which were drenched with toxic fractions of extracts 
from this plant. 

The first type closely resembles the typical cases of range poisoning 
which follow the ingestion of the whole plant. This type of intoxt- 
cation is produced by the resinous substance described above; it com- 
mences with a general weakness, the animal appears disinclined to 
move about, and is soon narcotized. After an interval convulsions 
appear, with the characteristic running movements in many cases 
and the peculiar tendency to fall and lie always on the same side of 
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the body. Clonic spasms, often with the typical drawing of the head 
to the thorax, are observed some time after the general convulsions 
have commenced. When resting between spasms the animal usually 
lies stretched out with the head in opisthotonos. All the animals 
which exhibited spasms eventually died. The autopsy showed, in 
general, heart-in diastole with surface vessels full, lungs normal, 

liver, spleen, and kidneys usually normal, digestive tract normal, 
often containing much gas, central nervous system congested. This 
is similar to the typical picture in cases of range poisoning. 
A second general type of cases is produced by the glucosid that 

was isolated from the water-soluble fraction of the alcohol ex- 

tract by chloroform after making the solution alkaline. This type 
of case is not observed on the range because the quantity of the 
causative agent contained in a toxic dose of the plant is too small 
to assert itself over the spasmodic substance. Animals drenched with 
solutions of this glucosid are completely narcotized within a few 
minutes of the administration of the dose; they fall upon the side 
and are indifferent to stimuli. The respiration is deep and regular 
and the heart beat is normal. Animals remain in this condition for 
several hours and finally die with symptoms of respiratory paralysis. 
On autopsy these animals frequently show congestion of the digestive 
tract and of the central nervous system, but in some cases the brain 
and cord appeared normal. 

The third general type of poisoning is produced by the glucosid 
which is not extracted from the aqueous solution of the alcoholic 
extract by chloroform. In these cases the animal shows no marked 
symptoms for several hours after the administration of the dose. 
Then there is evidence of weakness which contmues, the animal 

loses weight rapidly, finally goes down upon the belly with the legs 
sprawled out, and dies in from 5 to 7 days after the drench. The 
autopsy in these cases does not furnish typical lesions; usually all 
the organs appear normal, but occasionally there is fullness in the 
central nervous system. Range cases do not show this type of intoxi- 
cation for the same reason adduced in the case of the second type. 

EXPERIMENTAL. 

The following account of some typical experiments furnishes an 
indication of the general methods employed in the chemical investi- 
gation, leaving the more extended and detailed description for future 
publication. 

Moisture, ash, and extract determination—The material used for 
these determinations was dried Asclepias galioides collected in July, 
1918,-at Paonia, Colo., and reduced to a No. 60 powder. 

Per cent. 

Moisture 
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Fifty grams were extracted in a Soxhlet apparatus with various 
solvents in succession: 

Grams. Percent. 

Petroleum ether extracted _____________________ 2. 461 4,92 

ESTO) eam ea ONES SO Wire st ON UN Ft Pee 1, 293 2. 58 

SAE (STR Me Sea neces PN Pt ell ae rss 2p eames 0. 274 0. 54 

Chorelorit sss) se 9 ives COLEL UY “RES EAS BY 5 0. 636 1. 27 

PN GE tA OS S25 ev tre. Wes 21 70 2 eee SS weteapheS 2 eal SG6O 2,73 

ESICE. 0) 270) eae Bio OE i we edie ep ee ee a er ys Ua 5. 460 10. 92 

Total Sst wl te ey ah en A lo By tlh aly Mel biged alles 22. 96 

Each of these fractions was tested upon guinea pigs. The petro- 
leum ether, acetone, and alcohol extracts were nontoxic; the benzol 
fraction produced the characteristic spasmodic type of intoxication 
observed on the range, and the autopsy exhibited the typical patho- 
logic picture. The chloroform and ether extracts were toxic, pro- 
ducing narcosis. 
Alkaloids —Twenty-five grams of fresh plant were cut into small 

pieces and macerated for 24 hours in excess of 1 per cent hydro- 
chloric acid. The yellowish extract, after filtration, reacted with 
the ordinary alkaloidal reagents, giving evidence of a minute quan- 
tity of basic substance. The base was not precipitated from its aque- 
ous solutions by potassium hydroxid or ammonia. 

Volatile poisons.—A total of 912 grams of the dried leaves and 
blossoms of Asclepias galioides collected at Paonia, Colo., in July, 
1918, was mixed with 45 grams of barium hydroxid and 15 liters of 
water and allowed.to stand overnight. The following morning the 
solution was tested and found to be alkaline to litmus. The mass was 
then distilled. This irregular procedure was necessary because the 
experiment was made in the field under conditions which did not per- 
mit of the most refined manipulation. There were obtained 2,400 mils 
of distillate, with an odor of tea. This was not alkaline and gave no 
pricipitate with Mayer’s solution in the presence of hydrochloric 
acid. On standing, a minute quantity of oil collected on the surface. 
One thousand two hundred mils of this distillate, representing the 
volatile constituents of 456 grams of dried leaves and blossoms, were 
drenched into Sheep 491, weighing 130 pounds, without producing 
any effect. 
Saponins.—F our hundred grams (about 20 toxic doses) of dried and 

ground Asclepias from Hotchkiss, Colo., were mixed with 4 liters of 
alcohol, allowed to stand 24 hours, and heated to boiling. The mass 
was maintained at the boiling temperature for an hour and then was 
filtered hot. The filtrate was a bright, full green. On cooling and 
standing, a smal] quantity of green waxy material separated, which 
was collected on a filter and washed with alcohol. It was insoluble 
in water and cold alcohol, was completely soluble in chloroform, and 
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gave no reaction with ferric chlorid. Two half-gram portions of it 
were suspended in water and drenched into a guinea pig without 
effect. 

Alcohol extract—Four thousand three hundred grams of the dried 
whole plant were extracted with alcohol, the solvent removed, and the 
residue treated with hot water, which dissolved a large quantity of it 
and left a resinous mass undissolved. Both the water solution and the 
residue were toxic; the solution produced a peculiar narcosis and the 
resin caused the characteristic spasmodic symptoms observed in range 
poisoning. 

The resin.—This was divided into 4 fractions by treatment with 
petroleum ether, benzol, and alcohol in succession, when a small resi- 
due remained which was insoluble in the ordinary organic solvents, 
but dissolved in dilute sodium-carbonate solution and was nontoxic. 
The petroleum-ether fraction was nontoxic; the benzol fraction pro- 

duced the-spasmodic type of intoxication; the alcohol fraction wa 
narcotic. ; 

The aqueous solution.—A portion of this solution was investigated 
for the presence of toxic saponins, by treatment with barium hy- 
droxid, and testing the various fractions obtained on guinea pigs. 
Nothing in the nature of a saponin was detected. 

The main portion was made alkaline and extracted with chloro- 
form. This treatment yielded a small quantity of a nontoxic alkaloid 
and a glucosidal substance which has strong narcotic properties. The 
aqueous liquid which remained after the chloroform extraction was 
still toxic, producing narcosis in experimental animals, and from it a 
second toxic glucosidal substance has been isolated. 

The marce.—The mare remaining after the alcohol percolation was 
then extracted with boiling alcohol and this extract was kept separate 
from the first. The mare remaining after this treatment was thor- 
oughly dried to free it from alcohol and tested for toxicity. On 
August 2, 1918, 48.5 grams of mare (60 grams of dried plant) were 
forced fed to Sheep 479, weight 93 pounds. This feeding produced 
no apparent effect, and on August 4 the same sheep received 87 grams 
of the dried marc, also without effect. On August 6 a further quan- 
tity of 174 grams of marc were forced fed to the same sheep, again 
without effect. On August 7, 269 grams of the mare were forced fed 
to Sheep 497, weight 81.5 pounds, and produced no effect. The marc 
evidently did not contain toxic matter responsible for the cases ob- 
served on the range. 

SUMMARY OF CHEMICAL EXAMINATION. 

The plant material used was identical with that employed in the 
feeding experiments. The fresh green plant and the dried plant were 
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examined and the fractions into which the extracts were divided were 
tested for pharmacological activity. 

The investigation has yielded the following preliminary results: 
Asclepias galioides appears to contain several toxic compounds, some 
of which are glucosidal in nature. The substance which is respon- 
sible for the symptoms observed in range poisoning may be extracted 
from the plant with cold alcohol and is insoluble in hot or cold water. 
The plant yields water-soluble toxins, probably glucosids, which cause 
narcosis in experimental animals without congestion of the central 
heryous system. 

In addition, the plant contains less than 0.01 per cent of an alkaloid 
which does not appear to be toxic and certainly does not influence the 
range cases. Attempts to discover toxic saponins in the plant were 
unsuccessful. | 

PART IIt.— GENERAL DISCUSSION AND CONCLUSIONS. 

SYMPTOMS. : 

Generally speaking, the first evidence of intoxication is the loss 

of control of the muscles. The animal staggers when walking and 
eventually falls and is unable to rise. Sometimes it is found down 
before any other symptons appear. At this time there is, in most 
cases, salivation and there may be marked trembling. 
The horse was in profuse perspiration. The loss of muscular con- 

trol is most marked in the posterior part of the animal. The perioJ 
during which the animal can remain upon its feet is generally very 
short. When down it generally makes strenuous efforts to rise but 
falls back with a good deal of violence. This feature was very 
marked in the case of the horse. It may be noted that in the range 
eases the animals are said to knock their heads on the ground. Soon 

there commences a series of clonic spasms. It is shown by the au- 
topsies that the stomachs are greatly distended with gas, which is 
also true, to some extent, of the intestines. The formation of the gas 

continues during the period of intoxication, with some relief by 
belching and the spasms are correlated with the gas formation. 

The bloat caused by the gas was one of the most noticeable features 
in the poisoned sheep. Vomiting occurred in one case, but was not a 
usual symptom. In the spasms the pupils are widely dilated. The 
spasms may become more or less tetanic in character. Ordinarily the 
animal throws itself repeatedly into a position of opisthotonos, as 
shown in Plate VII, figures 2 and 3, and this may be followed by a 
position close to emprosthotonos. Very characteristic is the posi- 
tion shown in Plate V, figures 1 and 4, in which the chin is brought 
down to the breast in a tetanic spasm. This was shown with especial 
clearness in Horse 126. Generally in this position the feet were drawn 
up to the body as shown in Plate V, figure 1. The spasms are some- 
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times very violent and apparently accompanied with a good deal 
of pain. When attempting to rise the animal repeatedly falls, and, 
because of the inability to raise its head from the ground frequently 
ruins the sight of the eye on the under side as its head is moved 
back and forth. It sometimes groans, and the respir ation is commonly 
labored, with forced expiration. The pulse is rapid and weak, but 
the respiration is not much faster than normal; the spasms are fre- 
quently accompanied with convulsive movements of the jaw. 

No series of temperatures were taken in the cases of the horse and 
steer. Several series were taken of the sheep and with fairly uniform 
results. Generally speaking there was a marked elevation in temper- 
ature soon after the first symptoms appeared. In some cases this high 
temperature appears for nn a very short an while in others, 
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-Fic, 2.—Temperature curve of Sheep 461. 

as in Sheep 492, it continues for several hours. In all cases it 
becomes lower before death. Figure 2 shows the curve of tempera- 
ture in Sheep 461, figure 3 in Sheep 483, and figure 4 in Sheep 492. 
In Sheep 461 it ran up to 110.6° F., the highest temperature observed. 
The increase in temperature, however, was not so marked in all cases. 
In Sheep 506 it reached only 103.4° F., but in the case of this animal 
it was distinctly an increase, and as the case continued during the 
night observations were dropped. A more complete set of observa 
tions might have shown more rise in temperature. 

Glover, Newsom, and Robbins report the temperature of one of 
their experimental sheep in which a maximum of 110° F. was 
reached. 

As the illness proceeds, in the intervals between the spasms, iene 
lying upon its side, the animal moves its legs as though walking 
these movements may become very rapid, as though the animal were 
running. These “running” movements are ficaeee characteristic 
of the milkweed Dolonme: There may be intervals of coma, but 
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more commonly the spasms continue until death. Generally the 
spasms occur at short intervals and there may be as many as 4 or 
5 ina minute. They become somewhat reduced in intensity toward 
the end. Death comes from respiratory paralysis. 
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Fic. 3.—Temperature curve of Sheep 483. 

The symptoms may be considered as falling into four more or 
less clearly marked stages: 

1. A period of partial paralysis with staggering movements and 
falling. 
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2. A short period of violent spasms. 
3. A period of spasms accompanied with running movements. 
4, A period when spasms are of less intensity until death comes 

by respiratory paralysis. 
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AUTOPSY FINDINGS. 

As noted in the description of symptoms, bloating is noticeable 
in practically all cases. This is found to be the result of the ac- 
cumulation of gas not only in the first stomach, as is usual in most 
cases of bloating, but also in other parts of the alimentary canal. 
In the steer, No. 750, the gas occurred only in the first and second 
stomachs. Five of the 11 sheep autopsied had all 4 stomachs dis- 
tended with gas. In one the gas was confined to the first and second 
stomachs and in 2 it was in the first, second, and fourth. In 3 
there were no marked accumulations of gas in any of the stomachs, 
but the animals were bloated during their illness and the gas 
largely escaped either before death or soon after. In one case, 483, 
the gas was found in the duodenum, jejunum, ileum, and cecum, as 
well as in the stomachs. The distension of the cecum was noted in 6 
cases. The presence of an abnormal quantity of gas in the alimen- 
ary canal may be considered as a condition always present in cases 
of poisoning by Asclepias galioides. 

More or less congestion was found in the walls of the fourth 
stomach, duodenum, jejunum, ileum, and cecum. The colon was 
congested in only one case, No. 506, in which there was congestion 
in, the second and third stomachs, as well as the fourth. 

The lungs were congested in 5 of the 11 cases. The kidneys were 
generally congested, and in some cases congestion appeared in the 
thymus and thyroids. The bladder was commonly contracted and 
empty. Petechia or hemorrhagic spots occurred on the heart in 
some cases but not often. 

There was usually congestion of the surface blood vessels of the 
brain and sometimes clots between the cerebrum and cerebellum, or 
in connection with the medulla. The blood vessels of the meninges 
of the spinal cord were unusually full, and in some cases clots were 
found in the cervical or lumbar region, or in both. The liver, so far 
as appeared in the autopsies, was normal. 

The outstanding conditions which may be considered as character- 
istic of poisoning by this plant are the abnormal quantity of gas in 
the alimentary canal and the lesions in the kidneys and the central 
nervous system. 

PATHOLOGY. 

Microscopic study of the various tissues from animals poisoned by 
Asclepias galioides confirms the autopsy findings and shows some 
changes not noted in the macroscopic examinations. The results of 
the studies made on tissues from 9 sheep, 1 steer, and 1 guinea pig 
show the lesions to be very uniform in character. 

The most prominent conditions found are marked capillary con- 
gestion and a cloudy swelling of certain tissue elements which modi- 
fies the appearance of congestion. The organs most noticeably 
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affected are kidney, lungs, heart, thyroid, thymus, and central ner- 
vous system, while minor changes are found in the liver, alimentary 
canal, and spleen. Thrombi occasionally occur in various organs. 

KIDNEYS. 

The lesions in the kidneys of the various animals differ some in 

detail, but in all there is pronounced albuminous degeneration of the 
epithelial cells lining the tubules, with marked swelling and disinte- 
gration of the cytoplasm. In places the swollen cells nearly fill the 
Tumina of the tubules. Degenerative changes are most marked in the 
cells of the convoluted tubules, but may be largely due to their great 
bulk of cytoplasm. In certain instances the congestion is severe and 
general, but in most cases it is confined to relatively small areas. 
Greatly distended capillaries and veins occur, accompanied with con- 
siderable diapedesis and some edema. In such regions granules of 
blood pigment are abundant, showing that there has been a certain 
degree of destruction of red blood corpuscles. In some cases, many 
glomeruli are swollen, completely filling the capsule of Bowman, 
while others are edematous. Hemorrhages have occurred in a few 
glomeruli. 

LUNGS. 

Capillary congestion with diapedesis of erythrocytes and more or 
less severe transudation of serum into the alveoli is a quite character- 
istic condition in the lungs. In some eases there is a catarrhal condi- 
tion of the bronchioles, with a marked exfoliation of the epithelium. 
In a few cases thrombi are found in some of. the smaller veins. 

HEART. 

A study has been made of the wall of the left ventricle of the heart 
in the case of three sheep and one steer. The findings in these cases 
agree very closely. In the case of two sheep there is a very marked 
capillary congestion, with accompanying edema and some diapedesis 
of red corpuscles. In both these cases there is a mild degree of cloudy 
swelling, shown by the loss of cross striation and a somewhat granu- 
lar cytoplasm. In the case of the steer and the other sheep the cloudy 
swelling has gone much farther. The muscle cells are markedly 
swollen and, except in certain restricted areas, the blood is squeezed 
out of the capillaries. 

THYROID. 

Samples of the thyroid gland were saved from 4 sheep, all of which 

showed pronounced capillary congestion. 

- 

i THYMUS. 

The thymus glands of 4 sheep and the steer were studied. All 
tissues of the glands of the sheep are very severely congested, the 
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interlobuiar connective tissue and the medullary portion of the 
lobules being more hemorrhagic than congested. The blood in these 
areas obscures the tissues of the gland. The thymus tissues of the 
steer are not congested, but have been invaded by numerous eosino- 
phile leucocytes. 

NERVOUS SYSTEM. 

The following portions of the central nervous system have been 
studied—cerebral cortex, cerebellum, hippocampus, medulla, and cer- 
vical and lumbar cords. In all parts there is a fullness of the capilla- 
ries which in some cases, especially in the spinal cord, is congestion 
rather than fullness. The varying condition found is simply one of 
degree. The most marked pathological condition found is in the 
cervical spinal cord of Sheep 492. In these sections there is pro- 
nounced capillary congestion, especially of the gray matter, with 
areas where hemorrhages have occurred. The perivascular and peri- 
cellular lymph spaces are much distended, as is the central canal. 
This condition exists in most of the sections of the central nervous 
system examined which included tissues from 4 sheep and 1 guinea 
pig. 

LIVER. 

The only change characteristic of Asclepias poisoning noted in the 
liver is a slight though well-marked cloudy swelling of the hepatic 
cells. 

ALIMENTARY CANAL. 

In the abomasum and intestines of the sheep and the steer the 
changes as a rule are not severe. They are largely vascular and in 
most cases vary from fullness to mild congestion. Here the effects 
of the high capillary pressure are well shown in the unusually full 
and prominent capillaries in the muscular layers. These vascular 
changes are perhaps most marked in the ileum, but while of the same 
general character, In some instances a well-marked congestion, with 
edema and diapedesis of red blood cells, also exists in the mucosa. 
In the mucosa of the ileum of the steer there is besides the unusual 
number of red blood cells a very pronounced invasion of eosinophile 
cells. In some cases there is a marked excess of polymorphonuclear 
leucocytes in the mucosa. 

SPLEEN. 

Changes in the spleen were not so pronounced as in the tissues 
previously mentioned. They consisted of a possible distention of a 
few cavernous veins and a few small areas of congestion and some- 
times the presence of considerable blood pigment. Guinea pig 35 
was of interest, as many of the endothelial cells show their phagocytic 
function containing one or more red blood corpuscles and indicating 
a certain degree oe blood destruction. 
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TOXIC AND LETHAL DOSES. 

Two head of cattle were treated experimentally. In determining 
the dosage the milkweed was in all cases estimated as green material. 
It was found, by experiment, that in drying, the plant lost, on the 
average, about 70 per cent of its weight, and the dosage was figured 
out on this basis. The dosage was also estimated as applying to 
a 100-pound animal. As 100 pounds may be considered the average 
weight of a sheep and 1,000 pounds the weight of a horse or steer, 
the dosage applies to the average sheep, or multiplied by 10 to the 
average horse or steer. 

Of the cattle, No. 815 received a maximum of 0.294 pound without 
effect. No. 750 received 0.626 pound without showing any symp- 
toms of intoxication. On the following day it was given 0.845 
pound and became very sick; in this case, however, there is reason 
to think that the full quantity given was not eaten. About a month 
after this experiment it was given 0.551 pound with a fatal result. 
Just why 0.551 pound produced death and 0.626 showed no effect is 
not evident, for as shown elsewhere (p. 34) it does not seem prob- 
able that repeated feedings either increase susceptibility or produce 
toleration. However, from these experiments it seems probable 
that the toxic and lethal doses for cattle are not far from one-half 
pound per 100 pounds of animal. 

Three experiments were performed with a horse. Horse 126 was 
made very sick by 0.22 pound per 100 pounds of animal, and later 
received 0.14 pound without effect. In 1919 it was killed by 0.193 
pound. This last feeding, however, was of leaves only, and these 
have been shown to be more poisonous than the other parts of the 
plant. About 0.2 pound per 100 pounds, then, may be considered the 
prebable toxic and lethal dose for a horse. 

The following table shows the dosage of sheep from which positive 
results were obtained: 

TABLE 2.—Quantities of milkweed fed to sheep, with positive results. 

Sheep. Guantity Result. Sheep. Sorae cand Result. 

1918, 1918 
No. Pound. 0. Pound. 
478 0.167 | Sickness. 509 0. 22 Death. 
506 . 148 0. 437 168 Do. 
468 .167 | Death. 1919, 
475 - 161 Do. 372 . 206 | Sickness. 
476 SPU Do. 534 191 Do. 
480 577 Do. $42 198 Do 
483 138 Do. §22 147 Do 
492 . 165 Do. §22 . 198 Do. 
506 - 184 Do. 461 w22 Death. 

The number of experimental cases of sheep was sufficiently large to 
make the figures on dosage fairly complete. There were 10 cases of 
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death and 7 of illness. Four animals were fed repeatedly, No. 509 
three times, No. 506 five times, No. 478 six times, and No. 522 
fourteen times, besides receiving feedings of marc three times. 

Tt should be noted that Sheep No. 509 received the milkweed mixed 
with hay and ate it, so that the feeding was distributed over a number 
of hours—just how many was not determined. All the other sheep 
were fed by the balling gun, so that the material was received in a 
short time. ‘There was, therefore, an opportunity for some elimina- 
tion in the case of No. 509 and it may be expected that the effective 
dosage would be somewhat greater than in the other cases; this 
animal, after receiving smaller quantities in the preceding days, ate 
0.22 pound per 100 pounds of animal between 11.10 a. m., June 22, 
and some time before 8.30-a. m. June 23. 

Disregarding No. 509, however, and comparing only those sheep 
which were. fed by the balling gun, the smallest quantity that caused 
symptoms was 0.148 pound with Sheep 506, and the largest quantity 
given without effect, except in those cases in which stems alone were 
fed, was to Sheep 522, 0.275 pound. . 

The smallest dose that produced death was 0.188 pound in the ex- 
periment with Sheep 483. It should be noticed that this lethal dose 
was somewhat smaller than the smallest toxic dose. An average of 
the fatal doses would not aid in determining the lethal dose, as an 
evident overdose was given in some cases, but 6 of the cases were 
killed by 0.184 pound or less. 
From these cases it appears that the toxic dose is between 0.138 

and 0.206 pound and that the lethal dose is from 0.138 to 0.22 pound. 
All these figures are computed on the basis of the green plant for a 
100-pound animal. | 

Tt is evident that in Asclepias galioides we have an extremely toxic 
plant with very little difference between the toxic and lethal doses; 
No. 468 was killed by the same dose from which No. 478 recovered, 
and the smallest lethal dose is less than the smallest toxic dose in these 
experiments. The fact, too, that so many of the experimental cases 
died is evidence of the slight difference between the toxic and lethal 
dosage. The same thing is indicated in the high mortality of the 
range cases. The prognosis of poisoned cases is bad. In general, it 
may be stated that a dose of anything above 0.14 pound for a 100- 
pound sheep is liable to produce sickness or death. 

Glover, Newsom, and Robbins give tentative figures for the dosage 
of 4 sheep, one of them dying on 63 grams, 0.139 pound, being prac- 
tically the same as the minimum lethal dose of the authors of this 
paper. The weight of the sheep is not stated, however, and the plant _ 
was fed with consequent wastage and inaccuracy. In the Salina ex- 
periments all sheep were weighed and with one exception, Sheep 509, 
the plant was fed by the balling gun, so that the data were quite exact. 
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- It must be remembered, too, that all these sheep were treated 
under corral conditions. It may be questioned whether the dosage 
would apply to sheep in pasture or on the range. Under the condi- 
tions which have existed in most recorded cases of poisoning, how- 
ever, it is not probable that the dosage would have been much higher 
than in the experimental animals. In these reported cases, hungry 
animals have been more or less narrowly confined to areas on which 
the main vegetation was Asclepias galioides. Under such circum- 
stances, as is well known, animals will eat large quantities in a 
very short time. Not only does their hunger make them eat rap- 
idly and greedily, but jealousy of one another leads them to eat even 
more. It may be assumed then that grazing sheep may eat rapidly 
enough to make the dosage nearly or quite as small as in the case 
of the experimental animals. In comparing Sheep 509, which ate 
the plant, with grazing animals, it should be noted that range sheep 
do not eat so readily in corrals as on the range, and it is reasonable 
to suppose that a grazing sheep would be poisoned fully as quickly 
as a corral sheep. 

' SUSCEPTIBILITY OF DIFFERENT ANIMALS. 

So far as the experiments show it appears that sheep and horses are 
about equally susceptible to poisoning from the plant. The method 
of feeding Sheep 509 and Horse 126 was the same, so that the two 
animals can be compared with each other. The lethal dose of the 
sheep was practically the same as the dose which produced violent 
illness in the horse. The dosage for Steer 750 was much greater, 
from which it seems probable that cattle are less susceptible than 
either sheep or horses. It does not follow, however, that horses are 
more liable to be poisoned than cattle, for horses are more particu- 
lar about eating and there is less probability at any time of their 
eating any considerable quantity of injurious plants. 

DELAY IN DEVELOPMENT OF SYMPTOMS. 

The following table shows the time which elapsed after the plant 
was given before the symptoms appeared: 

TABLE 3.—Time elapsed between feeding of plant and development of symptoms. 

Time 
elapsed 

Animal. Date and hour of feeding. Date and hour of symptoms. before 
symp- 
toms. 

1918. 
Flours 

Horse 126_...... Aioihy Si) BABI Ta, al, KO els io, pal ye ooo see Sally 3, 7s 5) al pa ee eee eee 14 
Steer 750.......- August 26, 12.05 p. m. to —..........- JNA HOO By aie, eae Re a 21? 
Steer 750......-- September 22,10.45 a. m. to 12 noon....- September 23, 3.45a. m-._...-- sah 153 
Sheep 468....... September allel 2ias ms - se eee eee nee September 8, dead 7.30a. m.....-- 20 
Sheep 475....-.- ATISUSt L728 pape? EN) SEU se August 18, died 6.30 a, M_...._..-. 18 
Sheep 476....... TiRED 20), WYP TO WBlocoonoor sdeoansutasese UAE OL), SCR Mile on ecoes seonee 3 
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Tasie 38.—Time elapsed between feeding of plant and development of symp- 
toms—Continued. 

Time 
elapsed 

Animal. Date and hour of feeding. Date and hour of symptoms. before 
symp- 
toms. 

1918. 
Hours 

Sheep 478..--.-- peptembeno.2-30p amos. hese eee September 6, 11.354. m--......... 21 
Sheep 480....--- June 18, 2. 58. Dp; Meee See See See June 18, 5. 15. DHS es seecee eee 24 
Sheep 483..-.-.-| August 22, sd AO Yea, drrMners OEE Dene ee Soa August. DESY EGY 11 ee nee aes ae 20 
Sheep 492.....-- September 11 AO pHma. tee ek eee eee September OOO a. De eee 15 
Sheep 506......- September 11, 451.59 cis & oe Seeks eee September 12; 90a eae, Wee 17 
Sheep 506......- September 20, SOD pe Mee Ae oe eee September 21, 3.18 p.m.....-....- 22 
Sheep 509....... June 22, 11. 102. m. to (Cie ae ee See June 23, 8. Ao aes 2S ee a 21? 
Sheep 4387....... September LOS 4-2bIp. Wore eee eae coe September 17, 7.40a.m-...-....... 15 

1919. 

Sheep 372.-...... September 10, 6 p. m..............---.-- September 11, 8.55a.m-.-..-..... 15 
Sheep 461.......| September 6, 6.15 p. m-.-......... .-| September 7, 780m ae. 13} 
Sheep 522.......| September 11, 6.55 p. m .-| September 12, 8.40a.m... Be 132 
Sheep 522.......)| September 22° 5.18 p. m -:--| September 237 (40 A Ine ese 5 Se 144 
Sheep 534.......| August 30, 6. 30 p. Ds ee Rec cee MEETS PANIES lye AOae ee eee eee 13} 
Sheep 542.......| September 3, 6.25 p. m.-.....-..-.------ September 4, 7.10a.m-..._..-.... 122 

Jt may be seen from the table that in 1918 it was about 14 hours 
after the horse had finished eating the plant before symptoms 
appeared. 

In the feeding of the horse in 1919 it is not known when the feed- 
ing was completed, but apparently the symptoms of intoxication ap- 
peared in a shorter time. 

Steer 750 was fed the first time about 12.05 p. m., and the first 
symptoms were noted about 9.13 a. m., the next day, a period of 21 
hours. No note was made, however, of the time when the steer fin- 

ished eating the plant, and it may be assumed that the period before 
evidence of intoxication was not more than 18 or 19 hours. At the 
second feeding there were symptoms in 153 hours after the feeding 
was finished. 

In the case of sheep, information is lacking in regard to the in- 
cipience of symptoms in Nos. 468 and 475; it is not known when the 
feeding of No. 509 was completed. In regard to 14 sheep, however, 
notes were taken of the time when symptoms were first manifest. In 
these cases an average of the lapse of time between the feeding and 
the symptoms is 14.1 hours. The shortest time was 2} hours, in the 
case of No. 480, and the longest was 22 hours, in the case of No. 506. 
With the exception of Nos 476 and 480 all the cases le between 15 
and 22 hours. 

One would naturally suppose that the larger doses would take 
effect in the shorter time, and an examination of the cases shows 

that this is true. 
EFFECT OF REPEATED DOSES. 

The repeated feedings which were given to several of the animals 
show significant results in regard to the questions of tolerance, in- 

‘ 
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of repeated feedings: 

TABLE 4.—List of repeated feedings and results. 

35 

Following is a tabulation 

; Date ot Quantity fed 5 Date of | Quantity fed 
Animal : per 100 pounds) Result. Animal. ‘ per 100 pounds; Result. 

feeding. |" of animal. feeding. Por animal. 

1918. Pound 1918. Pound. 
Aug: 2 22 Not sick. Sheep 470...| July 6 0. 0473 | Not sick. 

Steer 750 Aug. 25 - 626 Do. Sheep 470...| July 7 - 0473 Do. 
EE Dao bse Pe) | om ate Very sick. || Sheep 470...| July 8 -0473 | Do. 

Sept. 22 Sot Death. Sheep 470...| July 9 - 05 Do. 
H 126 {i uly 30 222 Very sick. Sheep 470...| July 10 -05 Do. 

oFse P0---1)Sept. 20.1 . 140 Not sick Sheep 470...| July 11 05 Do. 
June 19 -165 Do. Sheep 470...{ July 12 - 05 Do. 

BERL CH | Be RSE RNR] | Be Aug. 3 0. eep 470...| July 6 0. 
Sheep 478...) aug. 99 | 1138 Do. 

Sept. 2 . 147 Do. 1919. 
Sept. 5] .167 Sick. Sheep 522...) Aug. li - 142 Do. 
Aug. 26 - 132 Not sick Sheep 522...) Aug 14 oy fas) Do. 
Sept. 11 - 148 Symptoms. || Sheep 522...) Aug. 16 . 162 Do. 

Sheep 506 Sept.12] .151 Not sick. Sheep 522...) Aug. 18 169 Do. 
DoWv---\)Sept.16| .160 Do. Sheep 522...| Aug. 20 .176 Do. 

Sept. 18 172 Do. Sheep 522...| Aug. 23 ~ 183 Do. 
Sept. 20 - 184 Death. Sheep 522..-.| Aug. 25 191 Do. 
June 20 . 189 Not sick Sheep 522...| Aug. 27 - 198 Do. 

Sheep 509.../4June 21 . 22(ate 0.2) Do. Sheep 522...) Aug. 29 204 Do. 
June 22 . 22(ate 0.24)| Death. Sheep 522...) Sept. 1 - 219 Do. 

Sheep 470...| July 2 - 0473 Not sick Sheep 522..-.| Sept. 6 247 Do. 
Sheep 470...| July 3 0473 Do. Sheep 522...} Sept. 9 . 275 Do. 
Sheep 470...| July 4 0558 Do. Sheep 522...) Sept. 11 .198 | Symptoms. 
Sheep 470...| July 5 . 055 Do. Sheep 522...) Sept. 22 . 147 i 

| 

Sheep 470, from July 2 to July 14, was fed a daily ration of from 
0.05 to 0.0558 pound, receiving in the whole period a total of 0.6473 
pound, with no resulting ill effects. 

So far as cumulative effect is concerned, the 5 sheep and Steer 750 
are the only animals that would have any bearing on the question. 
Sheep 470 received in 15 days about four times the toxic dose with 
no effect. Sheep 478, in addition to the feedings of June 19 and 
August 19, received on August 28 and 29 and September 2 doses 
equal to that which proved fatal for No. 483, yet on September 5 it 
was poisoned by an average dose, which was practically like that 
given on June 19 with no result. 

In the case of Sheep 506, which on September 11 showed symptoms 
from 0.148 pound, slightly increased doses on September 12, 16, and 

.18 produced no results, and death was caused on September 20 by 
0.184 pound. 

Sheep 509, which was not affected by 0.2 pound on June 21, was 
killed the next day by 0.24 pound, which is probably close to the 
toxic or lethal dose for the plant as eaten by a sheep. 

Sheep 522, besides having received three feedings of marc, was 
given 14 feedings between August 11 and September 22 of quantities 
varying from 0.142 pound to 0.275 pound. All the feedings except 
the last were of material from Palisades, Colo., which, as shown else- 
where (p. 37), was less toxic than that from other localities. On 
September 22 it was made sick by 0.147 pound of leaves from Rock- 
ville, Utah. 
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Steer 750, after a small feeding on August 22, received August 25 
0.626 pound without effect, was poisoned on August 26 by an un- 
determined quantity, and killed September 22 by 0.551 pound. 

In none of these cases is there any clear evidence that Asclepias 
galioides should be considered a cumulative poison. Neither did the 
fact that an animal had been poisoned once increase its suscepti- 
bility to the effect of the poison. It is doubtful, too, whether we are 
justified in thinking that any marked degree of tolerance is acquired 
by repeated feeding. Sheep 478 was not affected June 19 by 0.165 
pound, but after repeated doses, ranging from 0.11 to 0.147 pound, 
was made sick on September 5 by 0.167 pound. Sheep 506 was 
given repeated doses with small increases until it was killed on 
September 20 by 0.184 pound, having shown symptoms on September 
11 from 0.148 pound. This sheep, taken by itself, may possibly be 
considered as having acquired some tolerance, yet the difference be- 
tween the fatal dose, 0.182 pound, and the toxic dose September 11 of 
0.148 pound, is not great, and in the case of Sheep 478 the difference 
between 0.165 pound, which produced no results, and 0.167 pound, 
which produced symptoms, is negligible. 

Tn the case of Steer 750 evidently no tolerance was acquired. 
The experience with Sheep 522 may be considered as conclusive evi- 

dence that neither is the plant a cumulative poison, nor is any toler- 
ance acquired by repeated feedings. 

SEASONAL VARIATIONS IN TOXICITY. 

The material from Hotchkiss, Colo., used in the experiments, con- 
sisted of young plants in bud. That obtained from Paonia, Colo., 
Rockville, Utah, and High Rolls, N. Mex., was in flower, while that 
obtained from Grand Junction, Colo., and Palisades, Colo., was 
in flower and fruit. The number of experiments was not sufficient 
to show definitely whether there is a variation in toxicity at different 
seasons or not, but so far as the work went the plant appears to be 
uniformly toxic at all ages. 

No experiments were made with the plant cured and dried stand- 
ing, but the numerous accounts of the loss of sheep when feeding 
upon the plant in this condition make it reasonably certain that it 
retains more or less of its toxicity. It follows that losses may occur 
at any time when the plant can be obtained and that hay containing 
any considerable quantity is dangerous. 

RELATIVE TOXICITY OF LEAVES AND STEMS. 

Tn the experiments of 1918 the whole plant was used. Inasmuch 
as it was desirable to know whether all parts of the plant were 
equally toxic, a number of experiments a8 feeding leaves only and 
stems only were made in 1919, 
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There were eleven feedings of stems of material collected at Pali- 
sades, Colo., the quantity fed varying from 0.147 pound te 0.404 pound. 
None of these feedings produced any effect, while one feeding of 
leaves, Sheep 461, 0.22 pound, caused death, and four feedings, Sheep 
534, 0.191 pound, Sede 542, 0.198 pound, Sheep 372, 0.206 pound, and 
=—s 522, 0.198 pound eee toxic effect. Of the material col- 
lected at Rack ville! Utah, three feedings of stems in quantities from 
0.367 pound to 0.477 pound produced no effect, while Sheep 522 was 
made sick on 0.147 pound of leaves. 

Tt is not to be inferred that the stems possess no toxic properties, 
but it seems very clear that the leaves are vastly more poisonous. 

LOCAL VARIATIONS IN TOXICITY. 

In the work of 1919, material was used from three localities, 
Paonia and Palisades, Colo., and Rockville, Utah. The Paonia 
material was used only in connection with the chemical work, either 
an extract or the marc being given. The Paonia collections had been 
used in 1918, however, showing that as small a quantity as 0.138 pound 
might produce death. The High Rolls material produced death on 
0.16 pound. The relative toxicity of the Palisades and Rockville 
material was brought out quite clearly in the experiments of 1919. 
With the Palisades material death was produced in one case, Sheep 
461 with 0.22 pound, while symptoms were caused by quantities vary- 
ing from 0.191 pound to 0.206 pound. With the Rockville material 
Sheep 522 showed symptoms on 0.147 pound, while the horse was 
killed by 0.161 pound. That is, to produce intoxication, it took about 
a third more of the Palisades material than of that collected at 
Rockville. In this connection it should be noted that Sheep 548 re- 
ceived 0.176 pound of leaves from Palisades without effect. 
While the Paonia, High Rolls, and Rockville materials were about 

equally toxic, the Palisades plants were much less so. 
These differences in toxicity can not be explained by any seasonal 

change, and apparently are a local peculiarity. 

REMEDIES. 

Two animals, Sheep 437 and Sheep 506, were treated with atropin 
and morphin. The latter produced some effect in controlling the vio- 
lence of the convulsions, but both sheep died and it did not appear 
that the remedy affected the final result. 

On the theory that free action of the bowels might give relief, 
Horse 126 was treated with subcutaneous injections of arecolin and 
recovered. The same remedy was used with Sheep 478, Sheep 492, 
and Steer 750. Sheep 478 recovered, while Sheep 492 and Steer 750 
died. 

‘ 
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On the basis of the same theory, Sheep 372 and Sheep 461 were 
treated with eserin and pilocarpin. In both cases the eserin produced 
defecation. Sheep 372 recovered, while Sheep 461, which received a 
somewhat larger dosage, died. It is evident that the results from the 
use of arecolin and eserin were somewhat doubtful. While it seems 
probable that the course of the illness was somewhat modified, these 
drugs can hardly be considered as effective remedies. 
From the character of the lesions in the central nervous system it 

seems probable that no remedy would be very effectual, and that lit- 
tle reliance should be placed on any kind of treatment. Possibly if a 
line of symptomatic treatment were followed with the same care with 
which a human patient is treated, the course of the illness might be 
modified, but such treatment is impracticable, and in any case a fatal 
result is to be expected in most animals. 

ERADICATION OF THE WHORLED MILKWEED. 

The apparent rapid increase of this weed in some sections, together 
with the fact that it is dangerous in hay as well as while green, makes 
the question of its eradication an exceedingly important one. 
From what has been said of the habits of the plant, it is evident 

that its eradication will be a very difficult matter, for the young seed- 
ling, once started in a favorable location, begins to spread by adventi- 
tious buds from roots, being greatly aided by cultivation where cover 
crops are not grown. The rapid spread of the plant is aided by ordi- 
nary cultivation. The more the plant is broken, the better it thrives. 
Disk harrowing and plowing, without removal of the roots, simply 
helps to propagate the plant. 

If the roots are exposed on the surface they will die, but every 
piece left in the ground becomes the possible origin of a new plant, 
and the greater the number of pieces, the larger will be the resulting 
crop. Plate IV, figure 2, shows a plant growing from a piece of 
root one-quarter of an inch long. 

Presumably if tilled crops like beets, potatoes, and corn are grown, 
intensive cultivation by destroying the aerial parts of the plant will 
eventually have some effect, but it is a discouraging piece of work. 

Cutting or mowing the milkweed before seeding, while it does not 
eliminate the plant, will accomplish much in preventing its distribu- 
tion. This is especially important in driveways where hungry ani- 
mals are trailed, and in locations like bedding grounds, where animals 
are herded close together. Had this been done in the “ death patch” 
near Cortez, previously referred to, the losses would have been greatly 
reduced, if not entirely avoided. 

Prevention of seeding of the whorled milkweed will stop the spread 
of the plant to a considerable extent. Mowing milkweed and de- 
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stroying it, wherever it is common on range or trail, will solve the 
poison danger for the season, often saving thousands of dollars. 
Where the milkweed is growing in a meadow it should be carefully 
culled out by hand, for hay containing any considerable quantity of 
it is deadly to animals that eat it, and the hay therefore is worthless 
for feeding purposes. 

PREVENTION BY CARE OF STOCK. 

While it is not true that animals instinctively avoid injurious 
plants, it is true that they seldom eat them by choice. In the case 
of the whorled milkweed they seem to have an actual dislike of the 
plant, and eat it only when forced by hunger. This can be seen in 
many small pastures in western Colorado where whorled milkweed 
is abundant but forage is also plentiful, and the animals avoid the 
milkweed. Poisoning occurs when animals are confined in a pasture 
with little else to eat, when they are driven in a more or less hungry 
condition along trails where there is milkweed, or when they are on 
overgrazed ranges. It is evident that if the herder recognizes the 
dangerous character of the plant and uses suitable care, most losses 
will be avoided. 

Care also should be taken, if hay from a milkweed region is used, 
to see that it contains no considerable quantity of the weed. If the 
weed is mature, as is generally the case, it is readily recognized by 
the pods. 

SUMMARY. 

The whorled milkweed growing in Colorado, Utah, New Mexico, 
and Arizona has been proved to be exceedingly poisonous. 

The weed has been identified bo*anically as Asclepias galioides. 
In previous publications it has been cited as Asclepias verticillata. 

The plant is poisonous to horses, cattle, and sheep, but most of the 
reported losses have been of sheep. 

‘The most marked symptoms are the violent spasms. The autopsies 
and microscopical examinations show congestion of the peripheral 
blood vessels, the congestion being especially marked in some glands, 
the lungs, and the central nervous system. 

The chemical examination of the plant, while incomplete, has dem- 
onstrated the existence of definite toxic compounds, part of which 
are glucosidal in nature. The plant contains also a minute quantity 
of nontoxic alkaloid. ; 

There is no medicinal remedy which gives satisfactory results. 
Reliance must be placed on the destruction of the plant and such 
care of stock as will prevent hungry animals from coming into con- 
tact with masses of the weed. 
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